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PREFACE. 


An  Encyclopcedia  of  any  of  the  fine  arts  has,  from  its  nature,  considerable 
advantage  over  one  which  relates  to  the  sciences  generally.  In  the  latter^ 
the  continual  additions  made  to  the  common  stock  of  knowledge  frequently 
effect  such  a  complete  revolution  in  their  bases  and  superstructure,  that 
the  established  doctrines  of  centuries  may  be  swept  away  by  the  discoveries 

V  of  a  single  day.  The  arts,  on  the  other  hand,  are  founded  upon  principles 
unsusceptible  of  change.  Fashion  may,  indeed, — nay,  often  does, — change 
the  prevailing  taste  of  the  day,  but  first  principles  remain  the  same ;  and  as, 

Y  .  in  a  cycle,  the  planets,  after  a  period  of  wandering  in  the  heavens,  return  to 
^  the  places  which  they  occupied  ages  before,  so,  in  the  arts,  after  seasons  of 
-^     extrcttjoganza  and  bizzaria,  a  recurrence  to  sound  taste  is  equally  certain. 

)  It  is  unfortunate  for  the  productions  of  the  arts  that  the  majority  of  those 

«.         who  are  constituted  their  judges  are  so  little  qualified  for  the  task,  either  by 
'         education  or  habits  ;  but  on  this,  as  it  has  been  the  complaint  of  every  age, 
J         it  is  perhaps  useless  to  dwell.     This  much  may  be  said,  that  before  any  one 
"V         can  with  propriety  assume  the  name  of  architect,  he  must  proceed  regularfy 
^        through  some  such  course  as  is  prescribed  in  this  work.     The  main  object  of 
^         its  author  has  been  to  impart  to  the  sttident  all  the  knowledge  indispensable 
^         for  the  exercise  of  his  profession  ;  but  should  the  perusal  of  this  encyclo- 
paedia serve  to  form,  guide,  or  correct,  the  taste  even  of  the  mere  atnateur, 
the  author  will  not  consider  that  he  has  laboured  in  vain. 
£^  An  encyclopaedia  is  necessarily  a  limited  arena  for  the  exhibition  of  an 

author's  power;  for  although  every  subject  in  the  department  of  which  it 
treats  must  be  noticed,  none  can  be  discussed  so  extensively  as  in  a  sepa- 
rate work.  An  attempt  to  produce  a  Complete  Body  of  Architecture  the 
author  believes  to  be  entirely  original.  In  his  celebrated  work,  UArt  de 
BoHtj  Rondelet  has  embodied  all  that  relates  to  the  construction  of  build- 
ings- Durand,  too,  {Lemons  et  Pricis  d Architecture,)  has  published  some 
admirable  rules  on  composition  and  on  the  graphic  portion  of  the  art. 
Lebnin  (  ThSorie  d* Architecture)  has  treated  on  the  philosophy  of  the  equi- 
librium, if  it  may  be  so  called,  of  the  orders.  The  Encyclop^die  Mi- 
thodique  contains,  under  various  heads,  some  invaluable  detached  essays, 
many  of  which,  however,  suffer  from  want  of  the  illustrative  plates  which 
were  originally  projected  as  an  appendage  to  them.  All  these,  with  others 
in  the  French  language,  might,  indeed,  be  formed  into  a  valuable  text-book 
for  the  architect ;  but  no  such  attempt  has  hitherto  been  made.     Neither 
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in  Germany  nor  in  Italy  has  any  complete  work  of  the  kind  appeared.  la 
the  English,  as  in  other  languages,  there  are  doubtless  several  valuable 
treatises  on  diflPerent  branches  of  the  art,  though  not  to  the  same  extent  as  io 
French.  In  1756,  Ware  (London,  folio)  published  what  he  called  A  Compleie 
3ody  of  Architecture*  This,  though  in  many  respects  an  useful  work,  isfajr 
behind  the  wants  of  the  present  day.  It  is  confined  exclusively  to  Roman 
and  Italian  architecture ;  but  it  does  not  embrace  the  history  even  of  these 
branches,  nor  does  it  contain  a  word  on  the  sciences  connected  with  con- 
struction. The  details,  therefore,  not  being  sufficiently  carried  out,  and 
many  essential  branches  being  entirely  omitted,  the  work  is  not  so  generally 
useful  as  its  name  would  imply.  From  these  authorities,  and  many  others, 
besides  his  own  resources,  the  author  of  this  encyclopaedia  has  endeavoured 
to  compress  within  the  limits  of  one  closely-printed  volume  all  the  elementary 
knowledge  indispensable  to  the  student  and  amateur ;  and  he  even  ventures 
to  indulge  the  belief  that  it  will  be  found  to  contain  information  which  the 
experienced  professor  may  have  overlooked. 

Though,  in  form,  the  whole  work  pretends  to  originality,  this  pretension 
is  not  advanced  for  the  whole  of  its  substance.  Not  merely  all  that  has  long 
been  known,  but  even  the  progressive  discoveries  and  improvements  of 
modern  times,  are  usually  founded  on  facts  which  themselves  have  little 
claims  to  novelty.  As  a  fine  art,  architecture,  though  in  its  applications  and 
changes  inexhaustible,  is  in  respect  of  first  principles  confined  within  certain 
limits ;  but  the  analysis  of  those  principles  and  their  relation  to  certain 
types  have  afibrded  some  views  of  the  subject  which,  it  is  believed,  will  be 
new  even  to  those  who  have  passed  their  lives  in  the  study  of  the  art 

In  those  sciences  on  which  the  constructive  power  of  the  art  is  based,  the 
author  apprehended  he  would  be  entitled  to  more  credit  by  the  use  of 
weightier  authorities  than  his  own.  Accordingly,  in  the  Second  Book,  he  has 
adopted  the  algebra  of  Euler ;  and  in  other  parts,  the  works  of  writers  of 
established  reputation.  The  use  of  Rossignol's  geometry  may  indeed  be 
disapproved  by  rigid  mathematicians ;  but,  considering  the  variety  of  attain- 
ments indispensable  to  the  architectural  student,  the  author  was  induced  to 
shorten  and  smooth  his  path  as  much  as  possible,  by  refraining  from  burden- 
ing his  memory  with  more  mathematical  knowledge  than  was  absolutely  re- 
quisite for  his  particular  art.  On  this  account,  also,  the  instruction  in  algebra 
is  not  carried  beyond  the  solution  of  cubic  equations :  up  to  that  point  it 
was  necessary  to  prepare  the  learner  for  a  due  comprehension  of  the  suc- 
ceeding inquiries  into  the  method  of  equilibrating  arches  and  investigating 
the  pressures  of  their  different  parts. 

In  all  matters  of  importance,  in  which  the  works  of  previous  writers  have 
been  used,  the  sources  have  been  indicated,  so  that  reference  to  the  originals 
may  be  made.  Upon  the  celebrated  work  of  Rondelet  above  mentioned,  on 
many  learned  articles  in  the  Eiicyclopidie  Mithodique,  and  on  the  works  of 
Durand  and  other  esteemed  authors,  large  contributions  have  been  levied ; 
but  these  citations,  it  will  be  observed,  appear  for  the  first  time  in  an 
English  dress.  In  that  part  of  the  work  which  treats  of  the  doctrine  of 
arches,  the  chief  materiab,  it  will  be  seen,  have  been  borrowed  from  Ron- 
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delet,  irhose  views  the  author  has  adopted  in  preference  to  those  he  himself 
gave  to  the  world  many  years  ago,  in  a  work  which  passed  through  several 
editions.  Again,  in  the  section  on  shadows,  the  author  has  not  used  his  own 
treatise  on  Sciography.  In  the  one  case,  he  is  not  ashamed  to  confess  his 
inferiority  in  so  important  a  branch  of  the  architect's  studies  ;  and  in  the 
other,  he  trusts  that  matured  experience  has  enabled  him  to  treat  the  subject 
in  a  form  likely  to  be  more  extensively  useful  than  that  of  treading  in  his 
former  steps. 

The  sciences  of  which  an  architect  should  be  cognisant  are  enumerated  by 
Vitravius  at  some  length  in  the  opening  chapter  of  his  first  book.  They 
are,  perhaps,  a  little  too  much  swelled,  though  the  Roman  in  some  measure 
qualifies  the  extent  to  which  he  would  have  them  carried.  '^  For,"  he  ob- 
servesy  **  in  such  a  variety  of  matters"  (the  different  arts  and  sciences)  <<  it 
cannot  be  supposed  that  the  same  person  can  curive  at  excellence  in  each." 
And  again :  *'  That  architect  is  sufficiently  educated  whose  general  know- 
ledge enables  him  to  give  his  opinion  on  any  branch  when  required  to  do  so. 
Those  unto  whom  nature  hath  been  so  bountiful  that  they  are  at  once  geo- 
metricians, astronomers,  musicians,  and  skilled  in  many  other  arts,  go  beyond 
what  is  required  by  the  architect,  and  may  be  properly  called  mathematicians 
in  the  extended  sense  of  that  word."  Pythius,  the  architect  of  the  temple 
of  Minerva  at  Priene,  differed,  however,  from  the  Augustan  architect,  inas- 
much as  he  considered  it  absolutely  requisite  for  an  architect  to  have  as  ac- 
curate a  knowledge  of  all  the  arts  and  sciences  as  is  rarely  acquired  even 
by  a  professor  devoted  exclusively  to  one. 

In  a  work  whose  object  is  to  compress  within  a  comparatively  restricted 
space  so  vast  a  body  of  information  as  is  implied  in  an  account  of  what  is 
known  of  historical,  theoretical,  and  practical  architecture,  it  is  of  the  highest 
importance  to  preserve  a  distinct  and  precise  arrangement  of  the  subjects,  so 
that  they  may  be  presented  to  the  reader  in  consistent  order  and  unity. 
Without  order  and  method,  indeed,  the  work,  though  filled  with  a  large  and 
valuable  stock  of  information,  would  be  but  an  useless  mass  of  knowledge. 
In  treating  the  subjects  in  detail,  the  alphabet  has  not  been  made  to  per- 
form the  function  of  an  index,  except  in  the  glossary  of  the  technical  terms, 
which  partly  serves  at  the  same  time  the  purpose  of  a  dictionary,  and  that 
of  an  index  to  the  principal  subjects  noticed  in  the  work.  The  following 
is  a  synoptical  view  of  its  contents,  exhibiting  its  different  parts,  and  the 
mode  in  which  they  arise  from  and  are  dependent  on  each  other. 

Book  I.  HISTORY  OF  ARCHITECTURE,  conadered  in— 
Chap.  I.  OftiGiK. 

1.  Wants  of  Man.  3.  Different  Sorts  of  Dwellings 

2.  Origin  and  Progress.  arising  from  different  Occu- 

pations of  Mankind. 

II.  Various  Couiktrixs. 

1.  Druidical  and  Celtic.  8.  Chinese. 

2.  Pelasgic  and  Cyclopean.  9.  Mexican. 

3.  Babylonian.  10.  Arabian  or  Saracenic. 

4.  Persepolitaa  H.  Grecian. 

5.  Jewish.  12.  Etruscan. 

6.  Indian.  13.  Roman. 

7.  Egyptian.  14.  Byzantine  and  Romanesque. 
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15.  Pointed. 

16.  Italian. 

17.  French. 

• 

18.  German. 

19.  Spain  and  Portugal. 

20.  Russia. 

Chap.  zii.  British  Islks. 

1.  British  Architecture  from  an 

early  Period. 

2.  Norman. 

3.  Early  English. 

4.  Ornamented  English. 

5.  Florid  English  or  Tudor. 

6.  Elizabethan. 

7.  James  I.  to  Anne. 

8.  George  I. 

9.  George  II. 
10.   George  III. 

Book  II.  THEORY  OF  ARCHITECTURE,  founded  on  knowledge  of-- 


Chap.  I.  CoKsraucTioH. 

1.  Arithmetic  and  Algebra. 

2.  Geometry. 

3.  Practical  Geometry. 

4.  Plane  Trigonometry. 

5.  Conic  Sections. 

6.  Descriptive  Geometry. 

II.  Materials. 

1.  Stone. ' 

2.  Granite. 

3.  Marble. 

4.  Timber. 

5.  Iron. 

6.  Lead. 

7.  Zinc. 


7.  Mensuration. 

8.  Mechanics  and  Statics. 

9.  Arches. 

10.  Walls. 

11.  Mechanical  Carpentry. 


8.  Slates. 

9.  Bricks  and  Tiles. 

10.  Lime,   Sand,  Water,  and  Ce- 

ment 

11.  Glass. 

12.  Asphalte. 


III.  Use  ot  Materials  in  — 

1.  Foundations  and  Drains. 

2.  Bricklaying  and  Tiling. 

3.  Masonry. 

4.  Practical  Carpentry. 

5.  Joinery. 

6.  Slating. 
Plumbery. 


i  . 


IV.  Medium  or  ExrasssioK  by — 

1.  Drawing  in  general. 

2.  Perspective. 


8.  Glazing. 

9.  Plastering. 

10.  Smithery  and  Ironmongery. 

11.  Foundery. 

1 2.  Painting  and  Gilding. 

13.  Specifications. 

14.  Measuring  and  estimating. 

3.  Shadows. 

4.  Working  Drawings. 


III.   PRACTICE  OF  ARCHITECTURE,  as  a  Fine  Art  consists  in  — 


Chap.  I.   Knowledok  of  priwcipal  Parts  or 

1.  Beauty  in  Architecture. 

2.  The  Orders. 

3.  Tuscan  Order. 

4.  Doric  Order. 

5.  Ionic  Order. 

6.  Corinthian  Order. 

7.  Composite  Order. 

8.  Pedestals. 

9.  Intercolumniations. 

10.  Arcades  and  Arches. 

11.  Orders  above  Orders. 

12.  Arcades  above  Arcades. 

13.  Basements  and  Attics. 

II.   Combination  of  Parts  by  — 

1.  General   Principles  of  com- 

position. 

2.  Drawings  necessary  in  Com- 

position. 

3.  Caissons     in     Hemispherical 

and  Cylindrical  Vaulting. 


A  Building. — 

1 4.  Pilasters. 

15.  Caryatides  and  Persians. 

16.  Balustrades  and  Balusters. 

17.  Pediments. 

18.  Cornices. 

19.  Profiles  of  Doors. 

20.  Windows. 

21 .  Niches  and  Statues. 

22.  Chimney  Pieces. 

23.  Staircases. 

24.  Ceilings. 

25.  Proportions  of  Rooms. 


4.  Horizontal  and  Vertical 
Combinations  in  Building. 

Subdivisions  of  Apartments 
and  Points  of  Support. 

Combination  of  Parts  in 
leading  Forms. 


5. 


6. 
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Chap.  III.   Application  of  Combination  in  — 

1.  General  Observations.  14.  Exchanges. 

2.  Bridges.  15.  Custom  Houses. 

3.  Churches.  16.  Theatres. 

4.  Palaces.                 *  17.  Hospitals. 

5.  Government  Offices.  18.  Prisons. 

6.  Courts  of  Law.  19.  Barracks. 

7.  Town  Halls.  20.  Private  Buildings  generally. 

8.  Colleges.  21.  Private  Buildings  in  Towns. 

9.  Public  Libraries.  22.  Private     Buildings     in     the 

10.  Museums.  Country. 

11.  Observatories.  23.   Farm  Houses. 

12.  Lighthouses.  24.   Cottages. 

1 3.  Abattoirs,  or  Public  Slaughter 

Houses. 

Appkkdix.  —  Laws  relating  to  Building  :  Building  Act  —  Chimney- Sweepers 
Act  —  Dilapidations  —  Compound  Lsterest  Tables  and  Valuation  of  Pro- 
perty. 

Glossakt,  containing  also  List  or  principal  Architects  and  their  Works,  &c. 

IVDKZ. 

Perfection  is  not  attainable  in  human  labour,  and  the  errors  and  defects 
of  this  work  will^  doubtless,  in  due  dme  be  pointed  out ;  but  as  the  subject 
has  occnpied  the  author's  mind  during  a  considerable  practice,  he  is  inclined 
to  think  that  these  will  not  be  very  abundant.  He  can  truly  say  that  he  has 
bestowed  upon  it  all  the  care  and  energy  in  his  power ;  and  he  alone  is  re- 
sponsible for  its  errors  or  defects  ;  —  the  only  assistance  he  has  to  acknow- 
ledge being  from  his  son,  Mr.  John  Sebastian  Gwilt,  by  whom  the  iliustra- 
tiTe  drawings  were  executed.  No  apology  is  offered  for  its  appearance, 
inasmuch  as  the  want  of  such  a  book  has  been  felt  by  every  architect  at  the 
beginning  of  his  career.  Not  less  is  wanted  a  similar  work  on  Civil  En- 
gineering, which  the  author  has  pleasure  in  stating  is  about  to  be  shortly 
supplied  by  his  friend,  Mr.  Edward  Cresy. 

Without  deprecating  the  anger  of  the  critic,  or  fearing  what  may  be 
urged  against  his  work,  the  author  now  leaves  it  to  its  fate.  His  attempt 
has  been  for  the  best,  and  he  says  with  sincerity^ 

♦*  Si  quid  noyisti  rectius  istis 


Candidus  imperti,  si  non  his  utere  mecum.** 

J.  G. 


Abingdon  StreH,  Wutmnater, 
30th  September,  1842. 


P.S. — The  author  b^s  here  to  acknowledge  the  unremitting  zeal  of  the 
printers  of  this  work,  and  the  obligations  under  which  they  have  laid  him  by 
their  care  in  its  progress  through  the  press.  A  few  unavoidable  errors  have, 
however,  occurred,  notwithstanding  every  care ;  and  the  attention  of  the 
reader  is  requested  to  the  "  Errata"  for  their  correction. 


Page  353.  line  6.  from  bottom,  fw  FM--^'*^-CA,  rtad  FM-^^^-CA. 
400.  line  4., /or  A  A  rmd  AB. 

403.  l»t  line,  f^  ^^y/&L  ^^  Jt^  .eorfx-v/^F+l^-i' 

404.  line  3., /or*- yA j^g ^  +  -j^  x -j^—j^j -28-16, 

-  >163851  ■66x3—2128x2x131  .  21 2B      sTw"     21S8      oo.i-- 

414.  in^E^.  582.,  letter  A  omitted  at  springing  of  arch  inside,  and  letter  B  at  the 
outside  of  the  springing. 


421.  line  i.,/.,=y^+^^^+^_t. 


430.  line  25.  from  bottom, /ir  ^A^\  x  49)  +  22)  x  22)-54^ 

r«ad  V49|  x  49}  +  22}  x  22|- 54^. 
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BOOK  I. 

HISTORY    OF    ARCHITECTURE. 


CHAP.  I. 

ON    THE    ORIGIN   OF    ARCHITECTURE. 


Sbct.   I. 

WANTS   or    MAM,    AKD    PIHST   BUILOIKGS. 

1.  Paorscriov  from  the  inclemency  of  the  seasons  was  the  mother  of  architecture.  Of 
little  account  at  its  birth,  it  roee  into  light  and  li£e  with  the  civilisation  of  mankind ;  and, 
ptoporlioDatcly  as  security,  peace,  and  good  order  were  establbhed,  it  became,  not  less  than 
its  nster^  painting  and  sculpture,  one  method  of  transmitting  to  posterity  the  degree  of 
importance  to  whieh  a  nation  had  attained,  and  the  moral  value  of  that  nation  amongst  the 
kingdoms  of  the  earth.  If  the  art,  however,  be  considered  strictly  in  respect  of  its  actual 
ntikty,  its  principles  are  restricted  within  very  narrow  limits ;  for  the  mere  art,  or  rather 
science,  of  construction,  has  no  title  to  a  place  among  the  fine  arts.  Such  is  in  various 
degrees  to  be  found  among  people  of  savage  and  uncivilised  habits ;  and  until  it  is  brought 
into  a  system  founded  upon  certain  laws  of  proportion,  and  upon  rules  based  on  a  refined 
aaalyns  of  what  is  suitable  in  the  highest  degree  to  the  end  proposed,  it  can  pretend  to  no 
rsnk  of  a  high  dass.  It  is  only  when  a  nation  has  arrived  at  a  certain  degree  of  opulence 
and  luziiry  that  architecture  can  be  said  to  exist  in  it  Hence  it  is  that  architecture,  in  its 
omina  took  the  varied  forms  which  have  impressed  it  with  such  singular  differences  in 
diflrerent  «mntries ;  differences  which,  though  modified  as  each  country  advanced  in  civilisa- 
tion, were,  in  each,  so  stamped,  that  the  type  was  permanent,  being  refined  only  in  a  higher 
degree  in  their  most  important  examples. 

S.  The  ages  Uiat  have  elapsed,  and  the  distance  by  which  we  are  s^arated  from  the 
nations  amoi^  whom  the  art  was  first  practised,  deprive  us  of  the  means  of  examining  the 
shades  of  diflerenoe  resulting  from  climate,  productions  of  the  soil,  the  precise  spots  upon 
which  the  earliest  societies  of  man  were  fix^  with  their  origin,  number,  mode  of  life,  and 
social  xnstitutiona ;  all  of  which  influenced  them  in  the  selection  of  one  form  in  preference  to 
anoCber.  We  noay,  however,  easily  trace  in  the  architecture  of  nations,  the  types  of  three 
distinct  states  of  Ixfie,  which  are  clearly  discoverable  at  the  present  time ;  though  in  some 
the  types  may  be  thought  doubdiil. 
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3.  The  original  elaaaei  into  which  ma 
■hoie  of  hunteti,  of  ahepherd.,  and  of  tho 
protection  which  each  would  require,  mu 
IHlioni.      The  hunter  and  Rsher  found  ■ 


^  Tellen,  and  especially  Irom  the  labours  of 

■  Mewrt.  Leon  de  Laborde  and  Linant,  in 

■  the  aptendid  engravings  of  the  niina  of 
'   Pelra(^fr.  1.).       To  the  shepherd,  the 

.  inhabitant  of  the  plains  wandering  from 
one  flpot  to  another,  as  pasture  became 
inadequate  to  the  support  of  his  Hocka, 
another  species  of  dwelling  was  more  ap. 
propriate;  one  which  he  could  remove 
with  him  in  his  wanderings  -  this  was  the 
lent,  the  type  of  the  arehiteoture  of 
China,  whose  people  were,  like  all  the 
Tartar  races,  nomailit  or  Meatita,  that  ia, 
ibepherdt  or  dwellers  in  tentb  Where  ■ 
portion  of  (be  race  fixed  iCa  abode  for 
i-V'  kumii  rail..  the  purpoies  of  agriculture,  a  verf  dif- 

ferent speciea  of  dwelling  «■■  neceisary.  Solidity  was  required  as  well  for  the  penotial 
comfort  of  the  husbandman  as  for  preserving,  from  one  season  to  another,  the  fruits  of  the 
eaitb.  upon  which  he  and  his  family  were  to  exist.  Hence,  doubllesi,  the  hut,  which  most 
authors  have  aisumed  to  be  the  type  of  Grecian  architecture. 

4.  Authors,  says  the  writer  in  the  Etuyc,  Milhodigur,  in  their  search  after  the  origin  of 
architecture,  bane  generally  conflned  their  views  to  a  single  type,  without  conudering  the 
modification  whiob  would  be  nectnary  for  a  miiture  of  two  or  more  of  the  states  of  mankind ; 
for  it  ia  evident  that  any  two  or  three  of  them  may  co-exist,  a  point  upon  which  more  will 
be  said  in  speaking  of  Egyptian  architecture.  Hence  have  arisen  the  most  discordant  and 
contradictory  systems,  forraed  without  >uf!)clent  acquaintance  with  the  customs  of  diflerent 
people,  their  origin,  and  first  state  of  existence. 

5,  The  earlieat  habitations  which  were  constructed  after  the  dispersion  of  mankind  from 
the  plains  of  Sennaar  (for  there,  certainly,  as  we  shall  hereafter  see,  even  without  iheevidence 
of  Scripture,  wu  a  great  multitude  gathered  together),  were,  of  course,  proportioned  to 
the  means  which  the  spot  aSbrded,  and  to  the  nature  of  the  climate  to  which  they  were  to  be 
adapted.  Reeds,  canes,  (he  branches,  bark,  and  leaves  of  trees,  clay,  and  similar  materials 
wouM  be  first  used.  The  fir»t  houses  of  the  Egyptians  and  of  the  people  of  Palestine  were 
of  reeds  and  canes  interwoven.  At  the  present  day  (he  same  materials  serve  to  form  the 
bouses  of  the  Peruvians.      According  to  I'lmy  (I.  vii.),  the  first  houses  of  the  Greeks  were 

process  of  hardening  it  into  bricka  The  Abyssinians  still  build  with  clay  and  reeds. 
Wood,  however,  offers  such  &ciliti«  of  construction,  that  still,  as  of  old,  where  it  abounds, 
its  adoption  prevails.  At  first,  the  natural  order  seems  to  be  that  which  Vitruvius 
describee  in  the  first  chapter  of  his  second  book.  "  The  first  attempt."  says  out  author, 
"  was  the  mere  erection  of  a  few  spars,  united  together  with  twigs,  and  eorered  with  mud. 
Others  built  their  walls  of  dried  lumps  of  turf,  connected  these  walls  together  by  means  of 
timbers  laid  across  horiiontally,  and  covered  the  erections  with  reeds  and  boughs,  for  the 
purpose  of  sheltering  themselves  from  the  inclemency  of  the  seasons.  Finding,  however. 
that  flat  coierings  of  this  sort  would  not  eflTectually  shelter  them  in  the  winter  season,  (bey 
made  their  roolii  of  two  inclined  planes,  meeting  each  other  in  a  ridge  at  the  summit,  the 
whole  of  which  they  covered  with  clay,  and  thus  carried  off"  the  rain."     The  sxme  author 
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■ticet,  which  the  thickncn  of  the  trees  altcraatel;  leiTe,  it  filled  in  with  chipa  uid  mud. 
On  a  nmiUr  principle  they  form  their  roo6,  elcept  that  gradually  reducing  the  length  of 
the  tree*  which  traTcne  from  angle  to  angle,  they  araume  a  pyramidal  form.  They  are 
nneredwith  boughi,  and  thus,  after  a  rude  bihion  of  raulting.  their  quadrilateral  roots  are 
formed."  The  northern  parts  of  Germany,  Poland,  and  Rusna  still  eihibil  traca  of  this 
prwiple  of  building;  and  they  are  also  found  in  Florida,  Louisiana,  and  elsewhere,  in 
tuious  places.      See  Jig.  S. 

e.  We  shall  not,  in  this  place,  pursue  the  discussion  on  the  timber  hut,  which  lias 
•DtainW,  with  great  appearance  of  probability,  been  so  often  said  to  eontun  within  it  the 
types  of  Grcdan  architecture,  but  shall,  under  that  head,  enlarge  ftitther  on  the  subject. 


7.  The  construction  of  the  early  habitations  of  mankind  required  little  skill  snd  a*  little 
knowledge.  A  Tery  restricted  number  of  tools  and  machines  was  required.  The  method 
oTMIing  timber,  irhich  uneinJised  nations  still  use,  namely,  bj  fire,  might  hare  sened  all 
purposes  at  iir¥t.  The  neit  Mep  would  be  the  shaping  of  hard  and  infrangible  stoma  into 
cutting  tools,  as  it  still  the  practice  in  tome  parts  of  the  continent  of  America.  These,  as 
the  metals  became  known,  would  be  lupplsnted  by  tools  formed  of  them.  Among  the 
PeruTians,  at  their  invasion  by  the  Spaniards,  the  only  tools  in  use  were  the  hntcbct  and 
thtadie;  and  we  may  &irly  ataume  that  ttmilar  tools  were  the  only  ones  known  at  a 
petiod  of  high  antiquity.  Tiie  saw,  nails,  the  hammer,  and  other  instruments  of  carpentty 
were  unknown.  The  Greeks,  who,  as  Jseob  Bryant  lays,  knew  nothing  of  their  own 
Inatoty,  ascribe  the  iuTention  of  the  instruments  necenary  fbr  working  materials  lo  DnJaJusi 
bat  ooly  ■  few  of  these  were  known  even  in  the  time  of  Homer,  who  oonBnes  himself  to 
the  hatchet  with  two  edges,  the  plane,  the  auger,  and  the  rule.  He  particularises  neither 
the  sqaarc  eompawes,  nor  saw.  Neither  the  Greek  word  rpuw  (a  saw),  nor  its  equivalent, 
■stobeSrand  in  hi*  works.  Dsnialui  ■■  considered,  howerer,  by  Goguel  as  a  fabulous  person 
aJtogetber,  the  word  meaiung,  according  to  him,  nothing  more  than  a  skilful  workman,  a 
neaning  which,  he  observes,  did  not  escape  the  notice  of  Pausanias.  The  vurmise  is  home 
out  by  the  non-mention  of  so  celebiated  a  character,  if  he  had  ever  existed,  by  Homer,  and. 
afterwards,  by  Herodotus.  The  industry  and  perseverance  of  man,  howeier,  in  the  end, 
overcame  the  difllcultiea  of  construction.  For  wood,  which  was  the  earliest  material,  at 
leagth  were  substituted  bricks,  ttone,  marble,  and  the  like ;  and  edifice*  were  reared  of 
nnpanllcled  magniftcence  aikd  solidity.  It  seenu  likely,  that  bricks  would  have  been  in 
Dse  far  a  eonsidenUe  period  before  stone  was  employed  in  building.  They  were,  probably, 
after  mmildinf ,  merelj  subjected  to  the  sun's  rays  to  acquire  hardness.  These  were  the 
Dateriak  vbereof  the  Tower  of  Babel  was  conttructcd.  These  also,  at  a  very  remote 
period,  were  oaed  b;  tbe  Egyptians.  Hies  teem  to  have  been  of  as  high  an  antiquity  as 
bricks,  md  to  have  been  used,  ss  in  the  present  day,  for  covering  rooft. 

8.  The  period  at  whioh  wrought  stone  was  originally  used  for  arcliitectural  purposes  it 

B  9 
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quite  unknown,  as  is  that  in  which  cement  of  any  kind  was  first  employed  as  the  medium 
of  unitine  masonry.  They  were  both,  doubtless,  the  invention  of  that  race  which  we  have 
mentioned  as  cultivators  of  land,  to  whom  is  due  the  introduction  of  architecture,  properly 
so  called.  To  them  solid  and  durable  edifices  were  necessary  as  soon  as  they  had  fixed 
upon  a  spot  for  the  settlement  of  themselves  and  their  &milics. 

^.  Chaldaea,  Egypt,  Phoenicia,  and  China  are  the  first  countries  on  record  in  which 
architecture,  worthy  the  name,  made  its  appearance.  They  had  certainly  attained  con- 
siderable proficiency  in  the  art  at  a  very  early  period ;  though  it  is  doubtful,  as  respects 
the  three  first,  whether  their  reputation  is  not  founded  rather  on  the  enormous  masses  of 
their  works,  than  on  beauty  and  sublimity  of  form.  Strabo  mentions  many  magnificent 
works  which  he  attributes  to  Semiramis ;  and  observes  that,  besides  those  in  Babylonia, 
there  were  monuments  of  Babylonian  industry  throughout  Asia.  He  mentions  \&<poi  (high 
altars),  and  strong  walls  and  battlements  to  various  cities,  as  also  subterranean  passages  of 
communication,  aqueducts  for  the  conveyance  of  water  under  ground,  and  passages  of  great 
length,  upwards,  by  stairs.  Bridges  are  also  mentioned  by  him  (lib.  xvi. ).  Moses  has  pre- 
served the  names  of  three  cities  in  ChaldoMi  which  were  founded  by  Nimrod  (Gen.  x.  10.). 
Ashur,  we  are  told,  built  Nineveh;  and  (<7ea.  xix.  4.)  as  early  as  the  ag;e  of  Jacob  and 
Abraham,  towns  had  been  established  in  Palestine.  The  Chinese  attribute  to  Fohl  the 
encircling  of  cities  and  towns  with  walls ;  and  in  respect  of  Egypt,  there  is  no  question 
that  in  Homer's  time  the  celebrated  city  of  Thebes  had  been  long  in  existence.  The 
works  in  India  are  of  very  early  date ;  and  we  shall  hereafter  offer  some  remarks,  when 
speaking  of  the  extraordinary  monument  of  Stonehenge,  tending  to  prove,  as  Jacob  Bryant 
supposes,  that  the  earliest  buildings  of  both  nations,  as  well  as  those  of  Phoenicia  and  other 
countries,  were  erected  by  colonies  of  some  great  original  nation.  If  the  Peruvians  and 
Mexicans,  without  the  aid  of  carriages  and  horses,  without  scaffolding,  cranes,  and  other 
machines  used  in  building,  without  even  the  use  of  iron,  were  enabled  to  raise  monuments 
which  are  still  the  wonder  of  travellers,  it  would  seem  that  the  mechanical  arts  were  not 
indispensable  to  the  progress  of  architecture  ;  but  it  is  much  more  likely  tliat  these  were 
understood  at  an  exceedingly  remote  period  in  Asia,  and  in  so  high  a  degree  as  to  have  lent 
their  aid  in  the  erection  of  some  of  the  stupendous  works  to  which  we  have  alluded. 

10.  The  art  of  working  stone,  which  implies  the  use  of  iron  and  a  knowledge  of  the 
method  of  tempering  it,  was  attributed  to  Tosorthus,  the  successor  of  Mcnes.  It  seems, 
however,  possible  that  the  ancients  were  in  possession  of  some  secret  for  preparing  bronze 
tools  which  were  capable  of  acting  upon  stone.  Be  that  as  it  may,  no  country  could  have 
been  called  upon  earlier  than  Egypt  to  adopt  stone  as  a  material,  for  the  climate  does  not 
fiivour  the  gro>vth  of  timber ;  hence  stone,  marble,  and  granite  were  thus  forced  into  use  ; 
and  we  know  that,  besides  the  facility  of  transport  by  means  of  canals,  as  early  as  the  time 
of  Joseph  waggons  were  in  use.  (  Gen.  xlv.  19.)  We  shall  hereafter  investigate  the  hypo- 
thesis of  the  architecture  of  Greece  being  founded  upon  types  of  timber  buildings,  merely 
observing  here,  by  the  way,  that  many  of  the  columns  and  entablatures  of  Egypt  had 
existence  long  before  the  earliest  temples  of  Greece,  and  therefore  that,  without  recurrence 
to  timber  construction,  prototypes  for  Grecian  architecture  are  to  be  found  in  the  venerable 
remains  of  Egypt,  where  it  is  quite  certain  wood  was  not  generally  employed  as  a  material, 
and  where  the  subterranean  architecture  of  the  country  offers  a  much  more  probable  origin 
of  the  stvle. 
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ARCHITECTURE    OF    VARIOUS    COUNTRIES. 


Sect.   I. 

DRUIOICAL    AND    CELTIC    ARCHITECTURE. 

II.  If  rudeness,  want  of  finish,  and  the  absence  of  all  appearance  of  art,  be  criteria  for 
judgment  on  the  age  of  monuments  of  antiquity,  the  wonderful  remains  of  Abury  and 
Stonehenge  must  be  considered  the  most  ancient  that  have  preserved  their  form  so  as  to 
indicate  the  original  plan  on  which  they  were  constructed.  Tlie  late  Mr.  Godfrey  Higgins, 
a  gentlenoan  of  the  highest  intellectual  attainments,  in  his  work  on  the  Celtic  Druids  (pub- 
lished 1829),  has  shown,  as  we  think  satisfactorily,  that  the  Druids  of  the  British  Isles  were 
a  colony  of  the  first  race  of  people,  learned,  enlightened,  and  descendants  of  the  persons  who 
escaped  the  deluge  on  the  borders  of  the  Caspian  Sea ;  that  they  were  the  earliest  occu- 
piers of  Greece,  Italy,  France,  and  Britain,  and  arrived  in  those  places  by  a  route  nearly 
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aloo^  the  forty-fifth  paraUd  of  north  latitude ;  that,  in  a  similar  manner,  colonies  advanced 
from  tbe  same  great  nation  by  a  southern  line  through  Asia,  peopling  Syria  and  Africa,  and 
arriTing  at  last  by  sea  through  the  Pillars  of  Hercules  at  Britain ;  that  the  languages  of 
tbe  western  world  were  the  same,  and  that  one  system  of  letters — vis.  that  of  the  Irish 
Druids — perraded  the  whole,  was  common  to  the  British  Isles  and  Gaul,  to  the  inhabitants 
of  Italy,  Greeee^  Syria,  Arabia,  Persia,  and  Hindostan ;  and  that  one  of  the  two  alphabets 
(of  tbe  same  systjem)  in  which  the  Irish  MSS.  are  written — vis.  the  Beth-luis-nion — came 
by  Gaul  through  Britain  to  Ireland ;  and  that  the  other — the  Bobeloth — came  through  the 
Siraits  of  Gibraltar.  Jacob  Bryant  thinks  that  the  works  called  Cyclopean  were  executed 
at  a  remote  age  by  colonies  of  some  great  original  nation ;  the  only  difference  between  his 
opimon  and  that  of  IVIr.  Higgins  being,  that  the  latter  calls  them  Druids,  or  Celts,  from  the 
time  of  the  dispersion  above  alluded  to. 

12.  The  unhewn  stones,  whose  antiquity  and  purport  is  the  subject  of  this  section,  are 
f 3uih1  in  Hindostan,  ifhere  they  are  denominated  **  pandoo  koolies,"  and  are  attributed  to  a 
fabulous  being  named  Pandoo  and  his  sons.  With  a  similarity  of  character  attesting  their 
oominon  origin,  we  find  them  in  India,  on  the  shores  of  the  Levant  and  Mediterranean,  in 
Belgium,  Denmark,  Sweden  and  Norway,  in  France,  and  on  the  shores  of  Britain  from  the 
Straits  of  Dover  to  the  Land's  End  in  Cornwall,  as  well  as  in  many  of  the  interior  parts  of 
the  country.  They  are  classed  as  follows:  —  1.  The  single  stone,  pillar,  or  obelisk. 
2.  Circles  of  stones  of  <fifferent  number  and  arrangement.  S.  Sacrificial  stones.  4.  Crom- 
leclis  and  cairns.     5.  Logan  stones.    6.  Tolmen  or  colossal  stones. 

13.  ( 1 . )  Sinple  Stones.  —  Passages  abound  in  Scripture  in  which  the  practice  of  erecting 
single  stones  is  reccnrded.     The  reader  on  this  point  may  refer  to  Gen.  xxviiL  18.  Judges, 
ix.  <;.,  1  Sam.  vii.  12.,  2  Sam,  xx.  8.,  Joshua,  xxiv.  27.     The  single  stone  might  be  an 
emblem  of  the  generative  power  of  Nature,  and  thence  an  object  of  idolatry.     That  men- 
tumed  in  the  first  scriptun^  reference,  which  Jacob  set  up  in  his  journey  to  visit  Laban  his 
unde,  and  which  he  had  used  for  his  pillow,  seems,  whether  from  the  vision  he  had  while 
sleeping  upon  it,  or  from  some  other  cause,  to  have  become  to  him  an  object  of  singular 
veneratioa ;  for  he  set  it  up,  and  poured  oil  upon  it,  and  called  it  **  Bethel  **  (the  house  of 
God).    It  is  curious  to  observe  that  some  pillars  in  Cornwall,  assumed  to  have  been  erected 
by  the  Phoenicians,  still  retain  the  appellation  Bothd.    At  first,  these  stoics  were  of  no 
larger  dimension  than  a  man  could  remove,  as  in  the  instance  just  cited,  and  that  of  the 
Gilgal  of  Joshua  (Josh.  iv.  20. ) ;  but  that  which  was  set  up  under  an  oak  at  Shecbem  was 
a  great  stone.      And  here  we  may  notice  another  singular  coincidence,  that  of  the  Bothel 
in  Cornwall  being  set  up  in  a  place  which,  from  its  proximity  to  an  oak  which  was  near  the 
spot,  was  called  Bothel-ac ;  the  last  syllable  being  the  Saxon  for  an  oak.     It  appears  from 
tbe  Scriptures  that  these  single  stones  were  rused  on  various  occasions ;  sometimes,  as 
in  tbe  case  of  Jacob's  Bethel  and  of  Samuel's  Ebenezer,  to  commemorate  instances  of 
divine  interposition  ;  sometimes  to  record  a  covenant,  as  in  the  case  of  Jacob  and  Laban 
(  Gem.  xxxi.  48. )  ;  sometimes,  like  the  Greek  stehe,  as  sepulchral  stones,  as  in  the  case  of 
Rachel's  grave  (Gen.  xxxvi.  20.),  1700  years  B.C.,  according  to  the  usual  reckoning.    Tlicy 
were  occasionally,  also,  set  up  to  the  memory  of  individuals,  as  in  the  instance  of  Absalom's 
pillar  and  others.     The  pillars  and  altars  of  the  patriarchs  appear  to  have  been  erected  in 
honour  of  the  only  true  God,  Jehovah  ;  but  wherever  the  Canaanttes  appeared,  they  seem 
to  have  been  the  objects  of  idolatrous  worship,  and  to  have  been  dedicated  to  Baal  or  the 
sun,  or  the  other  fklse  deities  whose  altars  Moses  ordered  Uie  Israelites  to  destroy.     The 
similarity  of  pillars  of  single  stones  almost  at  the  opposite  sides  of  the  earth,  leaves  no  doubt 
in  our  mind  of  thar  being  the  work  of  a  people  of  one  common  origin  widely  scattered ; 
and  the  hypotheses  of  Bryant  and  Higgins  sufificiently  account  for  their  appearance  in 
places  so  remote  from  each  other.     In  consequence,  says  the  latter  writer,  of  some  cause,  no 
matter  what,  the  Hive,  afler  the  dispersion,  casted  and  sent  forth  its  swarms.     One  of  the 
largest  descended,  according  to  Genesis  (x.  2.),  from  Gomer,  went  north,  and  then  west, 
preawd  by  succeeding  swarms,  till  it  arrived  at  the  shores  of  the  Atlantic  Ocean,  and  ulti- 
mately colonised  Britain.      Another  branch,  observes  the  same  author,  proceeded  through 
Sarmatia  southward  to  the  Euxine  (Cimmerian  Bosphorus) ;  another  to  Italy,  founding 
the  states  of  the  Umbrii  and  the  Cimmerii,  at  Cuma,  near  Naples.     Till  the  time  of  the 
Romans  these  different  lines  of  march,  like  so  many  sheepwalks,  were  without  any  walled 
cities.     Some  of  the  original  tribe  fisund  their  way  into  Greece,  and  between  the  Carpathian 
mountuns  and  the  Alps  into  Gaul,  scattering  a  few  stragglers  as  they  passed  into  the 
beautiful  valleys  of  the  latter,  where  traces  of  them  in  Druidical  monuments  and  language 
are  occasionally  found.     Wherever  they  settled,  if  the  conjecture  is  correct,  they  employed 
themselves  in  recovering  the  lost  arts  of  their  ancestors. 

14.  To  the  Canaanites  of  Tyre  and  Sidon  may  be  chiefly  attributed  the  introduction  of 
these  primeval  works  into  Britain.  The  Tyrians,  inhabiting  a  small  slip  of  barren  land, 
were  essentially  and  necessarily  a  commercial  people,  and  became  the  most  expert  and 
adventurous  sailors  of  antiquity.  It  has  been  supposed  that  the  constancy  of  the  needle  to 
the  pole,  **  that  path  which  no  man  knoweth,  and  which  the  vulture's  eye  hath  not  seen,** 
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uu  :  and.  indeed,  it  »eins  KanKl;  powible  tlut,  by  tlie  Iwlp  of  tba 
naintain  a  oomraerce  for  tin  on  ttae  •horei  of 
Bciuio,  vhow  western  eiMUt  Dirniihed  thai  metal  in  nbundanoe,  and  *haie  iilandi  (tlie 
-      -  Soilly)  were  knoKIl  h;  tba  title  of  Caniteridei,  oi  tin 

iilandi.  Id  thia  part  of  Britain  there  leemi  unqueUioo- 
■ble  evidence  that  the;  wttled  ■  colony,  and  wtre  the 
architecU  of  Stonehenge.  Abury.  and  otbet  umilar  vorka 
In  the  Britiah  islandi.  In  thoe  tlicy  might  have  been 
asiigled  by  that  put  of  the  awaim  which  reached  our 
■hoiea  through  Gaul ;  or  it  is  poiuhle  that  the  worki  in 
question  may  be  thoae  of  the  latter  only,  of  whom  tracea 
exist  in  Britany  at  the  monument  ol  Camao,  whereof 
it  ia  computed  4O0O  Etones  itill  remain.  From  among 
the  number  of  pillan  of  thii  kind  itill  to  be  leeD  in 
EngUnd,  wegiTe  (fig.  3.)  that  standing  at  Rudrtone,  in 
the  eait  riding  of  Yorkshire.  It  is  described  by  Drake, 
in  hit  Eltoracuni,  as  "  coarse  rag  stone  or  miUstooa  grit, 

.   and  its  weight  is  computed  at  between  40  and  50  tons. 

{  In  foim  (the  sides  being  slightly  concave)  it  approaches 
to  an  ellipse  on  the  plan,  the  breadth  being  5  ft  10  in., 

Jti  height  is  1^4  ft.  ;  and,  according  to  a  brief  account 
(in-        ...i«  .T  ,™™„.  communicated  to  the  lata  Mr,  F^ge,  in  the  year  1769 

(AnAaologia,  vol.  T.  p.  95.),  its  depth  underground  equals  its  height  above,  aa  appeared  from 
an  eiperiment  made  by  the  late  Sir  William  Strickland." 

15.  (3.)  Cirdei  of  Stout. — The  Israelites  were  in  the  habit  of  arranging  stones  to  repre- 
sent  the  twelve  tribes  of  Israel  (End  Tiiv.  4.),  and  for  another  purpose.  (Dent,  iivii.  3.) 
And  in  a  circular  form  we  find  them  set  up  by  Joshua's  order  on  the  paaage  of  the  Israelitn 
through  Jordan  to  Gilgal  (Sibl)'.  ■  "O"!  ■°  ^i>'ch  the  radical  Gal  or  Gil  (ugnilying  ■ 
wheel)isdoubled  to  denote  the  continued  repetition  of  the  action.  In  thia  last  case,  Josbna 
made  the  arrangement  a  type  of  the  Lord  rolling  away  their  reproach  from  them. 

16.  Though  traces  of  this  species  of  monument  are  found  in  various  parts  of  the  world, 
even  to  America,  we  shall  confine  our  observations  to  those  of  Abury  and  Stonehenge. 
merely  referring,  by  way  of  enumention.  to  the  places  where  they  are  to  be  found.  Tbua 
we  mention  Rolbrich  in  Oifordafaire,  the  Hurler)  in  Cornwall,  I^ng  Meg  and  her  dkughten 
in  Cumberlutd,  remains  in  Derbyshire,  Devonshire,  Dorsetshire,  at  Stanton  Drew  in 
Somersetshire,  and  in  Westmoreland,  They  are  common  in  Wales,  and  are  found  io  tbo 
Western  Islea.  There  arc  euunplea  in  Iceland,  Norway,  Sweden,  Denmark,  and  various 
parts  of  Germany.  Clarke,  in  bis  description  of  the  hill  of  Kushunlu  Tepe  in  the  TroKl, 
observes,  that  all  (he  way  up,  the  traces  a!  former  works  may  be  noticed,  and  that,  on  the 
summit,  there  is  a  small  oblong  area,  aii  yards  long  and  two  broad,  ethibiting  vestiges  of  the 
highest  antiquity ;  the  stones  farming  the  indosure  being  as  rude  aa  those  a!  Tiryna  in 
Argolis,  and  encircled  by  a  grove  of  oaks  covering  the  top  of  thia  conical  mountain.  Ttta 
entrance  is  from  the  south.  Upon  the  east  and  west,  outside  of  the  trees,  are  stooea  ranging 
like  what  we  in  Engtaiul  call  Druidical  circles.  Three  circles  of  stones  are  known  in 
America,  one  of  which  stands  upon  a  high  rock  on  the  banks  of  the  river  Winnipigon. 
llie  stupendous  monument  of  Camac  in  Britany.  of  which  we  have  above  made  nientliHi, 
is  not  of  a  circular  form ;  the  stones  there  being  arranged  in  eleven  straight  lines,  from 
SO  to  33  ft.  apart,  some  of  which  are  of  enormous  aiie.  They  are  said  to  have  formerly 
eitended  three  leagues  along  the  coast  A  description  of  this  monument  is  pven  in  vol.  iiil 
of  the  AnAaologia. 

17.  Abury,  or  Avebury,  in  Wiltshire,  of  which  we  give  a  view  in  a  restored  state 
(Jig.  4. ),  is  a  specimen  of  this  species  of  building,  in  which  the  climax  of  msgnificenee 
was  attained.  Stukely,  who  examined  the  ruins  when  in  much  better  preservstion  than  at 
present,  says,  "that  the  whole  figure  represented  a  anske  transmitted  through  a  circle i" 
and  that,  "  to  make  their  representation  more  natural,  they  artfuUy  carried  it  over  a  varietjr 
of  elevations  and  depresuons,  which,  with  the  curvature  of  the  avenues,  produces  suflicientlj 
the  deured  elTect.  To  make  it  still  more  elegsnt  and  picture-like,  the  bead  of  the  snake  ii 
carried  up  the  southern  promontoryof  Hsckpen  Hill,  towards  the  village  of  West  Kennet) 
nay,  the  very  name  of  the  hill  is  derived  from  this  circumstance  i "  for  ocoh,  he  obaerves,  ug- 
nifies  a  serpent  in  the  Chaldaic  language.  Dr.  S.  then  goes  on  to  state,  "  that  the  draeontia 
was  a  name,  amongst  the  first-learned  nations,  for  the  very  ancient  sort  of  templet  of  which 
they  could  give  no  account  nor  well  explain  their  meaning  upon  it."  The  figure  of  the 
serpent  eitended  two  miles  in  length ;  and  but  a  very  dint  idea  can  now  be  formed  of  what 
it  was  in  its  original  state.  Two  double  circles,  one  to  the  north  and  the  other  (a  the 
south  of  the  centre,  were  placed  within  the  large  circle,  which  Ibnned  the  pnneipal  body  of 
the  ierpeot,  and  from  which  blanched  out  the  head  to  Hackpen  Hill,  in  tbe  direction  of 
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nftly  referred  to  ■  liter  dste.  Fi^.  S.  ia  ■  mtored  plui  oT  tbia  wonder  of  the  wot,  u  it 
nujr  well  be  called.      The  larger  circle    is  105  feet  in  diameter,  and  between  il  and  the 

interior  imiller  circle  ii  a  space  oT  ebout  9  (eet  Within  ihti  (mailer  circle,  which  ii  half 
the  height  (8  feel)  of  Iho  exterior  ono,  wa.  a  portion  of  an  ellipiia  formed  by  5  gniupa 
of  Mone*,  to  which  Dr.  Slukely  hu  given  the  name  of  trilithoni,  became  formed  by  two 
TerticaUndonehoriiontalitane:  Iho  former  are  Irom  17  to  IB}  feet  high,  the  middle  trilitlion 
being  the  highesL  Within  this  ellipsis  ii  another  of  single  »tone>,  half  the  height  of  the 
trilithons.  The  outer  cirde  vai  crowned  with  a  course  af  atone)  similar  to  an  aichilraie 
or  epiMylium,  the  atones  whereof  were  let  into  or  joggled  with  one  another  by  means  of  egg- 
shaped  tenons  (bimed  out  of  the  vertical  blocks.  The  ellipils  was  connected  in  a  rimilar 
nianner.  Within  the  inner  elUptical  enclosure  was  a  block  1 6  ft.  long,  4  ft.  broad,  and  20  in. 
thick.  This  hai  usually  been  called  the  alUr  none.  Round  the  larger  circle,  at  the  dixtance  oif 
100ft.,  a  vallum  was  formed  about  52  ft.  in  width,  so  that  the  external  dimennon  of  the  worh 
was  a  diameter  of  490  ft.  The  vallum  suriounding  these  sacred  place*  seems  to  have  been 
borrowed  by  the  Canaanites  in  imjiation  of  the  enclosure  with  which  Mo«a  sutrounded 
Mount  Sinai,  in  order  to  prevent  the  multitude  from  approaching  too  near  the  sacred  mys- 
teries. The  number  of  stones  composing  this  monument  is  variously  given.  In  the  sub- 
joined account  we  follow  Dr.  Stukely :  — 


Eplitytla 

Vertical  tbnm  'ol  outer  elllptli 


n  Tsllum  . 


Cunnington,  in  a  letter  to  Mr.  Htggina,  gives  the  following  account  of  the  Moncs  which 
remain  of  the  monument :  — "  The  slonca  on  the  outside  of  the  work,  those  comprising  the 
outward  circle  as  well  as  the  large  (live)  trilithons,  are  all  of  that  species  of  stone  called 
'garMtn'  found  in  the  neighbourhood;  whereas  the  inner  circle  of  small  upright  stones, 
and  those  of  the  interior  ovsl,  are  composed  of  granite,  hornstone,  &c.,  most  probably  pro- 
cured from  some  part  of  DeTOnshire  or  Cornwall,  as  I  know  not  where  auch  stonea  could 
be  procured  at  a  nearer  distance. " 

30.  Authors  have  in  Stonehenge  discovered  an  instrument  of  astronomy,  and  among  them 
Maurice,  whose  view  oa  to  its  founders  coincides  with  those  of  the  writers  already  cited,  and 
with  our  own.  We  give  no  opinion  on  this  point,  but  shall  conclude  the  section  by  placing 
before  the  reader  the  substance  of  M.  Bailly's  notion  thereon,  recommending  him  to  consult, 
in  that  respect,  authorities  better  than  we  profess  to  be,  and  here  expressing  our  own  belief 
that  the  priests  of  ancient  Britain  were  priesta  of  Baal ;  and  that  the  monuments,  the 
subjects  of  this  section,  were  in  existence  long  before  the  Greeks,  as  a  nation,  were  known, 
allwit  they  did  derive  the  word  Druid  from  Iput  (an  oak),  and  said  that  they  IhemaelYes 
were  airroxSant  (sprung  from  the  earth). 

SI.  M.  Bsilly  says,  an  the  origin  of  the  sciences  in  A^ia,  that  a  nation  possessed  of 
profound  wjsdum,  «f  elevated  genius,  and  of  an  antiquity  Ikr  superior  to  the  Egyptians  or 
Indians,  immediately  af^r  the  flood  inhabited  the  country  to  the  north  of  India,  between 
the  latitudes  of  40'  and  50',  or  about  50°  north.  He  contends  that  some  of  the  most 
celebrated  observatories  and  inventions  relating  to  astronomy,  ftom  thnr  peculiar  character, 
could  have  taken  place  only  in  those  latitudes,  and  that  arts  and  improvements  gradually 
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o  whom  ha  description  a  most  appiiciibltf  is 
ir  Ihe  Iiuaut  lUid  in  Northern  Thibet.  Wa 
ingi  inrormed  Maurice  of  an  immemorial  tradition  that  prerailed  al 
I  itwir,  in  modem  timet,  the  grand  nnporium  of  Indian  learning.  —  that 
»ii  mat  of  India  came  from  ■  country  lituate  in  40'  of  N.  latitude.  On  this  Maurice  njt, 
~  Tbia  ia  the  latitude  of  Samarcuid,  the  metropoli*  of  Tartary  ;  and,  i>y  this  circumataoce, 
thv  pcntioD  of  M.  Bailly  ■hould  seem  to  be  confirmed.  Tbia  ii  tha  country  vhere,  according 
lo  the  teatimony  of  Joaephua  and  other  hiatoriana  cited  by  the  learned  Abb<  Peiron.  are  to 
be  found  tbe  Gnt  Celtc,  by  whom  all  the  tcmplea  and  carta  of  India  were  made-  Higgins 
obaa.1  ■  Li  on  tbia,  that  the  worship  of  the  Mithraific  hull  existed  in  India,  Persia,  Greece, 
ItMjy,  and  Britaio,  and  that  the  religion  of  the  Druida,  Magi,  and  Brahmins  was  the  same. 

73.  (3. )  Saaifidal  Stout.  ~-  These  have  been  eonfbunded  with  the  cromlech,  but  tlie 
diSbrenec  between  (hem  is  wide.  They  are  umple  itonn,  either  encircled  by  a  ahallow 
trench  (nllum)  and  bank  (agger),  or  by  a  kw  slones.  Upon  these  almost  all  authors 
concvr  in  bclieTing  that  human  immolation  was  practised  ;  indeed,  the  ruune  blod,  or 
tAooA-sUHiBL,  which  they  bear  in  the  north  of  Europe,  •eein)  to  point  to  their  infernal  use. 
Wc  do  not  think  it  necessary  to  pursue  fiirtber  inquiry  into  Ihem,  a*  they  present  no 
rcnosrkable  oor  interesting  features. 

S3.   (4.)   CramUtkt  <ad  Cainti The  former  of  theae  teem  to  stand  in  the  lune  relation 

to  the  Urge  circles  that  the  modem  cell  don  to  the  conrentual  church  of  the  Catbolici. 
They  eotuiM  of  two  or  more  sides,  or  rertical  stones,  and  lometimea  a  back  stone,  the  whole 
buns  eorered  with  one  not  usually  placed  exactly  borisonlal,  but  rather  in  an  inclining 
portion.  We  here  (_fig.  7.)  give 
a  representation  of  one,  that 
bat  receiTcd  the  name  of  Kit's 
Cotty  Houte,  which  lies  on  the 
road  between  Maidstone  tnd 
Rocheiter,  about  a  mile  north- 
eastward from  Aylesford  church, 
and  ia  thus  described  in  the 
Braitlia  of  Englaiul  and  Waltt. 
It  ••  is  composed  of  four  huge 
slones  unwrougbt,  three  of  tbem 
standing  on  end  but  inclined  in- 
wards, and  tupporting  Ihefourlh, 

,,.,  which     lies     tranaTertely    over 

■hem,  aoaa  to  leave  an  open  recess  beneath,  'tlie  dimensions  and  computed  weights  of  theia 
■tones  are  as  bll|fws:—bcightof  that  on  the  south  side  8  ft.,  breadth  7^  ft.,  thickncsa  3  ft, 
weight  S  tons  1  height  of  that  on  the  north  side  7  ft.,  breadth  7}  ft.,  thickness  a  ft, 
weight  8)  tona.  The  middle  stone  it  rery  irregular  ;  its  medium  length  as  well  at  breadth 
may  be  about  5  ft,  iu  thickness  about  1  ft  S  in.,  and  its  weight  about  3  tona.  The  upper 
stocte  or  impost  is  alao  extremely  irregular ;  its  greatest  length  is  nearly  13  ft.,  and  its 
breadth  about  9}  ft;  its  thickness  is  2  ft.,  and  iti  weight  about  lOj  tons  -.  the  width  of  the 
rccetsat  bottom  isSft.and  at  top  7 J  ft. ;  from  the  ground  to  the  upper  side  of  the  coveting 
atone  it  9  It  These  itonc*  are  of  the  kind  called  Kentish  rag.  Many  years  ago  there  was 
a  tiiigle  stone  of  a  similar  kind  and  ^le  to  those  forming  the  cromlech,  about  70  yards  to 
tbe  Dotth-wett:  this,  which  it  thought  to  have  once  stood  upright,  like  a  pillar,  hat  been 
broken  into  piewa  and  carried  away."  Another  cromlech  stood  in  the  neighbourhood, 
which  ha*  been  thrown  down.  The  nonsense  that  baa  been  gra-rely  written  upon  this 
and  wniUr  monuments  is  warcely  worth  mention.  It  will  hardly  be  believed  that  there 
esiited  people  who  thought  it  was  tbe  sepulchral  monument  ofking  Catigem,  from  similnrlty 
of  name,  and  others  who  consider  it  Ihe  grave  of  the  Saxon  chief,  Horsa,  from  its  proximity 
to  HoTited.  Cromlechs  are  found  in  Mtuations  remote  indeed,  a  tpccimen  being  seated  on 
■be  Malabar  coast ;  and  in  the  British  ijl"  •1.'"  »"■  so  numerous  that  we  no  not  think 


24.    The 


;S,SZ  \^i^.  W.  .  ,H,,„„=»  .,",ua,,*«;.  ^.-.  j;;; 


■roperly,  it  a  conical  heap  of  loose  stones.      Whether  ita  etymology  , 


a  deciije  ;  so  we  do  not  (eel  quite  sure  that,  as  has  beei 


,n  rather  inclines  to  their 


wliich  Jacob  gave  the  n 


over  tbe  bodies  of  deceased  h  j„„„     „,^  ,„ 

having  been  a  species  of  altar,  though  the  heap  of  stones  *"  "","^"  "^Jl^^jr,  bll'Z,'" 
Gal«d.  if  it  were  of  this  specie^  -a,  rather  «  "'™°"'''   "^^"tV^hould  liavTr^.i.i^^, 
and  Laban.      It  can  scarcely  be  called  an  architectural  -work  ,  ^^^^^^  naming  the  ^"v'""""' 
our  notice  ofthcew-lier  monuments  of  antiquity  •n««>™T''^  .,     j^,    „l„d  „  „i„,      "_    . 

points  if  LX:^  a  small  force  applied  to  them  P;^=^^;V^^  .,  "pward.'y^^l^' 
celebrated  one  in  Cornwall,  which  U  granite,  ha»  been   co     !.■  »o  ion 
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'11»  uie  of  Ihoe  itonei  hu  been  conjectured  to  be  that  oT  teiting  the  innocein 
Mcuwd  of  crime,  the  rocking  of  the  »loiiB  beini 
the  tribunali  in  cue*  where  he  knew  the  guill 
purpou  i>  highly  improbable. 

36.    (6.>    Tnlmm  or   Celotial   Sloiiis.  —  The  Tolmen,  or  hole  of  (tone,  i<   a  Mone  of 

conudereble  mogiutude,  M  diapowd  upon 

rocks   u    to  leana  an  opening  between 

them,  through  which  an  otyect  could  be 

paned.    It  is  the  general  opinion  in  Com. 

wbII   that    invalids   were   cured  of  their 

diBcaaet   by    being    pasied    through    the 

opening  abo^e  mentioned.      "  The  moM 

Btupenuoui  monument  of  this  kind,^  (see 

fig.S.)  says  Borlase,  "  is  in  the  tenement 

of  Men,  in  the  parish  of  Comtantine,  in 

Cornwall ;  it   is  one  great  oval    pebble, 

placed  on  the  points  of  two  natural  rocks, 

so  that  a  man  may  creep  under  the  great 

1^.  s,         TotMu,  IP  ™..w.ti.  one,  between   the    supporters,  through  a 

pasHgeof  about  three  feet  wide,  by  aamuch  high.      The  longest  diameter  irf  this  stone  ia 

33  ft,  being  in  a  direction  due  nortii  and  south.      Its  height,  measured  perpendicularly  over 

the  opening  is,  14  ft.  6  in.,  and  the  breadth,  in  the  widett  part,  IS  ft.  6  in.,  extending  from 

east  to  vest.      I   measured  one  half  of  the  eircuo^renee,  and  found  it,  according  to  my 

compuUtion,  48^  ft.,  so  that  this  stone  is  97  ft.  in  circumference,  lengthwise,  and  about 

eo  ft.  in  gilt,  measured  at  the  middle ;  and,  by  the  best  information,  it  contain*  about 

750  tons."     We  close  this  section  by  the  expression  of  our  belief  that  the  eitraordinarj 

than,  the  pyramids  of  Egypt,  and  that  they  were  Che  works  of  a  colony  of  the  great 
nation  that  was  at  the  earhest  period  settled  in  central  Asia,  either  through  the  swann 
that  pasted  north-west  over  Germany,  or  aonth-weet  through  Fhtcnicia ;  for,  on  either 
route,  but  rather,  perhapa,  tlie  latter,  traces  of  gigantic  works  remain,  to  attest  the  wonderfijl 
powers  of  the  people  of  whom  they  arc  the  remains. 


27.  Pelasgio  or  Cyclopean  architecture,  (for  that  as  well  as  the  architecfure  of  Phoenicia, 
•eems  to  have  been  the  work  of  branche*  of  an  original  similarly  thinking  nation)  pre- 
sents for  the  notice  of  the  reader,  little  mare  than  massive  walls  composed  of  huge  piiceg  of 
rock,  scarcely  more  than  piled  together  without  the  cotmecting  medium  of  cement  of  any 
species.  Tlie  method  of  its  construction,  considered  as  masonry,  to  the  eye  of  the  arcliiteet 
is  quite  suBlcient  to  connect  it  with  vtiat  we  have  in  the  preceding  section  called  Druidieal 
or  Celtic  architecture.  Il  it  neit  to  impoauble  to  believe  that  all  these  species  were  not 
executed  by  the  same  people.  The  nature  and  prindples  of  Egyptian  art  were  the  same, 
but  the  ipeclment  of  it  which  remain  bear  marks  of  being  of  later  date,  the  pyramids  only 
excepted.  The  Greek  Gibles  about  the  Cyclopesni  have  been  sufficiently  eipned  by  Jacob 
Bryant,  who  hat  shown  that  the  Greeks  knew  nothing  about  their  own  early  history.  . 
Herodotus  (lib.  v.  cap.  6. )  alludes  to  them  under  the  name  of  Cadmians,  saying  they  were 
particularly  &raauB  fbr  their  architecture,  which  he  says  Ihey  introduced  into  Greece  ;  and 
wherever  they  came,  erected  noble  structures  remarkable  for  their  height  and  beauty.  These 
were  dedicated  to  the  Sun  under  the  names  of  Elorut  and  Pelorus.  Hence  every  thing 
great  and  ilupendous  wss  called  Felorian  ;  and,  trantlerring  the  ideas  of  the  works  to  the 
bunders,  they  made  them  a  race  of  giants.      Homer  sayt  of  Polyphemus,  — 

Virgil,  too,  describes  him  "  Ipse  arduus,  altapultat  sidera."  Famous  as  lightbotiae  builders, 
wherein  a  round  easement  in  the  upper  story  afforded  light  to  the  mariner,  the  Greeks 
turned  this  into  a  single  eye  in  the  forehead  of  the  race,  and  thus  made  thera  a  act  of  motv- 
ttera.  Of  the  race  were  Trophonius  and  hii  brother  Agamedcs,  who,  according  to  Pau- 
sanias  (lib.  ii. )  contrived  the  temple  at  Delphi  and  the  Treasury  constructed  to  Urius.  So 
great  was  tlie  bme  Cor  building  of  the  Cyelopeant  that,  when  the  Sybil  in  Virgil  shows 
.Eneas  the  place  of  torment  in  the  shades  below,  the  poet  separates  it  from  the  regions  of 
bliss  by  a  Cyclopean  wall :  — 

■■ Cvdojimn  sdueu  camlnli 

Mteni. eonipido.''  s„.  lib.W.  ..(BO. 
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e  of  thfl  claH  dcnoiDinated  CyoLopcwi,  tbtu  de- 

BcUuu  Hrnnill  ttHK,  at  Crtlopx 

S9.  Tb»g»teofthecit)r»nd  the  chief  tower  were  p^rticulMljMcribeil  to  theni{P»u»«iu««, 
lib.  ii  )  A^oa  bad  ■!»  the  reputation  at  being  Cyelopeam.  But,  to  return  to  Mjreene, 
Earipido,  we  ibould  obsene,  ipeaki  of  iu  walla  w  being  built  alter  the  Ptueniciiui  rule 
asd  method :  ^- 

4iiiiK  iMwiau  fWK ii|^>«>M-*-  UtrcM^ riirriu,T.»*t. 

30.  Fig.  9.  ii  ■  reprcMUtatioD  of  a  portim  of  the  postcm  gate  of  the  walli  of  Myoene, 
for  the  purpoK  of  eihibiting  to  the  reailar  the  ofaa- 
racter  of  the  maaoniy  employed  in  it 

31.   The  walli  of  Tiryni,  probably  more  aneicat 

than  thoae  we  haTS  juR  named,  are  celebrated  b]P 

Homer  in  the  word<  Tr,iin*i  Tuxiotairar,  and  are  mid 

by   Apollodomi  and  Stnbo  to  have  been  built  by 

woikmen  whom  Pistui  brought  from  Lycia.       Ttu 

wordi  of  Strabo  are,  TifurBi  VJiiTTiNmt  xpriaaf 6iu  lout 

Tipotrvr,  vu  Ttix*^^  ^^  KvitSmititr  oil  imu  tmr  tirat, 

mAinrOai  ta  raarpoxiV,  rpi^fuweiis  tc  mt  TtxTt', 

Pratmt  apptan  to  hatt  mid  TirfnM  at  a  iaTbotr,  and 

■  to  kavt  waOcd  it  bf  tht  ouutaiue  i^  Iki  Cydopt,  vAe 

fr  wn  Him  M  Muater,  and  ealltd  Gattnehdri  (belly- 

:    handed),  Hving  bf  Ihdr  bJiour.      "  Theae  men  Cy- 

t    clopa,"  uyi  Jacob  Bryant.  "  were.  I  make  no  doubt, 

•erenCyclopeantowenbuilt  bythepeople."    Furtber 

,  on,  he  addi,   ■■  Tbeae  towera  were  erected  Ukewiaa 

fbr  Purait,  or  Purath^  where  the  Htei  of  fire  were 

performed :    but    Purait,   or    Purutiu,    the    Oreeka 

ehanged  to  Fratua ;    and  gave  out  that  the  tower* 

were  built  for  Prctua,  whom  the;  made  a  king  of  that  country."     The  aame  author  layt 

that  the  Cyclopeaiu   wonhipped   the   sun  under  the  eymbol  of  a  eerpenl ;  thui  again 

connecting  them  with  the  builders  of  Abury 

noticed  in  page  6.      Pig.  10.    ii  a  riew  of 

aome  portiona  of  the  walla  of  Tiryiu,  and 

for  othera  we  refer  the  reader  to  the  Tna^ 

In  Mbania,  by  the  Rev.  Mr.  Hughea. 

33.  Mr.  Hamilton  lArduaobffia)  divides 
i    tba  apceimena  of  Cyclopean  buildingi  into 
;    four  airu.      In  the  fint  he  includes  Tiryna 
and  Myecne,  where  the  block*  composing 
the  nuuonry  are  (^Tarioua  site*,  having  or 
,  haiing  bad  imaller  stonei  in  their  inler- 
^   Bticea.       Second,   aa   at   Julia  and  Delphi, 
^  masonry  without  courses,  fbrmed  of  irre- 
'j  gular  polygonal  stones,  whoee  sides  fit  to 
I  each  other.    Third,  that  in  which  the  Rones 
^  are  laid  in  course*  of  the  aamc  height,  but 
'1  unequal  in  lecigth  of  atones  i  of  this  apeciea 
-   are  specimens  in  Bteotia,  Argolis,  and  the 
\  ~  Fbocian    cities.      Fourth  and   last,  that  in 
•    which  the  stones  are  of  Tsrious  heights,  and 
'^    always  rectangular,  whereof  eiaiaple*  are 
'    found  in  Attica.      It  must  here  be  obseiied 
that,  in  the  Etrurian  part  of  Italy,  Cyclo- 
pean works  exist,  particularly  of  those  which 
Mr.  Hamilton  places  in  the  second  Kia;   at 
n*.  iol      un  m  ni  ouu  a  nam.  at  Korha  in  Latium,  Cora,  Signia,  and  Ala- 

Iriiiin ;  in  the  three  last  whereof  the  walla  resemble  those  of  Tiryns,  Argo*,  and  Myceoe  ; 
■ml  at  Fieaole,  Areno,  and  other  places, 

33.  We  shall  now  return  to  aome  furtber  partieultrs  in  relation  to  Hryns  and  Mycene, 
from  wlueh  a  more  distinct  notion  of  these  foitml*  wilt  be  obtained  ;  but  further  iuTeati- 
^rticnofthoee  in  Italy  will  hercefler  be  necessary, under  the  aec^on  on  Etruscan  architecture. 
TW  Acropolis  of  Tiryna,  a  little  to  the  south-east  of  Argot,  ia  on  a  mount  riMng  about  filly 
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fiwt  abore  tlie  Icve 


fonr««  ue  qiunica,  which  f^rniih  il 

from  the  east  and  the  west,  and  orie  ^ 

il  pretty  feitly  preaerved,  and  is  approached  by  aa  inclined  ai 
the  eaatcro  and  (outhcrn  side*  of  the  tower,  C,  whi 
palling,  at  the  end  ot  the  last  named  side,  under  a  g 
of  atone,  that  which  fbrms  the  architrave  being  10  fl 
menti  lying  oq  the  spot,  it  is  conjectured  that  a  trii 
il  no  appeiTUice  of  sculpture.  D  is  the  pment  enl 
walli  is  25  ft.,  and  they  are  formed  by  three  puallel 
-a  p;  two  ranges  of  galleriei  each  5  ft.  w 
^       'M       :,~.  galleries  are  formed  by 


e  city  was  nearer  the  sea  than  at  present.  Bryant, 
general  form  a  type  of  the  long  sh^p  of  Danaui, 
It  lively  enough  to  delect.  On  the  east  of  the 
milar  to  thai  whereof  it  is  built.  It  had  entnnce* 
That  on  the  east,  lettered  A, 
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fl.  square  and  40  ft.  high, 
way,  composed  of  very  large  blocks 
>ng,  and  over  which,  from  the  frag- 
ilor  stone  was  placed  ;  but  thereou 
ice.  The  general  thickness  of  the 
iks  of  ilones  5  ft.  thick,  thus  leaving 
and  IS  ft.  high.  The  lidei  of  the 
stone,  and  the  roof  by  two  other 

l!;.  II.  That  pari  of  the  gallery, 
«0  ft.  lung,  and  tws  six  openings  or 
if  seems  to  bme  aSbrded  a  communi- 
of  whose  foundation  traces  are  ilill 
these  openings  varies  from  10  ft.  6  in. 
'CI  being  fram  5  ft.  6 in.  to  4  ft.  loin, 
lerics  eilended  all  round  the  citadel. 


fo^i»  to  9  ft.  8  in.  J  the  openings  thi 

f  la.'T^  uLuii.  wide.  It  is  probable  that  these 
though  now  only  accessible  where  the  walls  arc  leaii  peneci,  ai  me  souinern  pare  oi 
the  inclosure.  There  are  no  remains  of  the  louth-caslern  portal.  It  appears  to  have  been 
connected  with  the  eastern  gate  by  on  avenue  enclosed  between  the  outer  and  inner  curtain, 
of  which  avenue  the  use  is  not  known.      Similar  avenues  have  been  found  at  Argos  and 

ilonei  have  been  employed  in  its  wall.  The  eitcfior  walls  are  built  of  rough  stones,  some 
of  which  are  9  ft.  4  in.  in  length  and  4  ft.  thick,  their  common  site  being  somewhat  leu 
When  entire,  the  wall  must  have  beeu  60  ft.  high,  and  on  tbe  eastern  side  has  been  entirely 
destroyed.  The  whole  length  of  the  citadel  is  about  660  ft.,  and  the  breadth  about  180  ft., 
the  walls  being  straight  without  regard  to  inequality  of  level  in  the  rock. 

31.  The  Acropolis  of  Mycene  was  probably  constructed  in  an  age  nearly  the  same  n 
tliat  of  Tiryns.  Fiusanias  mentions  a  gate  on  which  two  lions  were  sculptured,  to  which 
tlie  name  of  the  Gale  of  the  Lions  has  been  given  (Jle.  13.)  These  are  still  in  their 
original  position.  It  is  situate  at  the  end  of  a  recess  about  50  ft.  long,  commanded  by  pro- 
Icctioni  of  the  walls,  which  are  here  formed  of  huge  blocks  of  square  stones,  many  placed 
on  each  other  without  breaking  joint,  which  circumstance  gives  it  a  very  inartificiol  appear- 
ance. The  epiitylium  of  the  gate  is  a  single  stone  15  ft.  long  and  4  ft.  4  in.  high.  To 
the  south  of  the  gate  above  mentioned  the  wall  is  much  ruined.  In  one  pari  something 
like  a  tower  is  cliKernibie,  whnse  walls,  being  perpendicular  while  the  curtain  inclines  a 
little  inward  (rom  its  base,  a  projeeiion  remained  at  the  top  by  which  an  archer  could  defend 
the  wall  below.  The  blocks  of  the  superstructure  are  of  great  un,  those  of  the  sub- 
itrueture  miich  snuUer.  The  gates  excepted,  the  whole  dtadel  is  built  of  rough  maaae*  of 
rock,  nicety  •4iuited  and  fitted  to  each  other,  though  the  smaller  stones  with  which  the 
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intcmicB  vere  GUeil  haie  mcnllj  dinppeued.      Tht  aauthem  runparU  of  the  ciudel  and 
all  the  other  walli  lollov  the  lUtunl  irregularity  of  ibe  precipice  on  which  they  itand.   At 
--- — --   -  -     .-  its  caiiEm  point  it  i»  attached  by 

a  narrov  iBthmua  to  tbo  mountain. 
It  ii  a  long  irregular  triangle, 
standing  nearly  cait  and  «cat. 
The  walla  are  mostly  of  welt- 
jointed  polygonal  ttonea,  alihougb 
the  rough  construction  oceaaionally 
appears.  The  general  thickneaa  oT 
-:  -  the  walls  is  21  ft.,  in  sonic  places 

W-  25)    their  present  height,  in  the 

inoM  perfect  part,  is  43  ft.    There 
are,  in    sainc   places,  very  slight 
-^  projections  flfom  the  walls,  reeem- 

bling  lowen,  whereof  the  moct 
perfect  one  is  at  lbs  Hiutb-eaxt 
angle,  its  breadth  being  33  ft.  and 
its  height  43  ft.  The  liie  of  Ibe 
block  whereon  the  lions  are  sculp- 
tured ii  II  ft.  broad  at  the  base, 
9  ft  high,  and  about  2  ft.  thick, 
rk.  u.  iin  _  rHi  uui.  of  a  triangular  form  suited  to  the 

recen  mode  for  its  reception,      'iliis  block,  in  its  appearance,  resembles  the  green  basalt  of 
Egypt. 

3S.  In  this  place  wc  think  It  proper  to  notice  a  building  at  Mycene,  which  baa  been 
nllnl  b;  some  the  TreaHiry  of  Atreua,  or  the  tomb  of  his  son  Agamemnon  mentioned  by 
^  raussma*.  This  building  at  iint  misled  some  author*  into 
/  ~  a  belief  that  the  use  of  Ibe  arch  was  known  in  Greece  at  a 
'_'  rery  early  period ;  but  eiamination  of  it  shows  that  it  was 
"^    fotmed  by  horiiontal  courac),  projectitig  beyond  each  other  as 

bee  was  afterwards  fonned  so  aa  to  gi>o  the  whole  the  ap- 
pearance of  a  pointed  dame,  by  cutting  away  the  lower  anglea 
(^.  14.).  It  is  probably  the  most  ancient  of  buildings  in 
'  ''    '  istance  that  at   New  Grange,  near  Drogheda,  in  Ire- 

inn,  construction,  and  plan  of  access  rsaemble  it  so 
s  imposublc  to  consider  their  similaritv  the  result  of  accident.       A  r^tre- 

scotalion  of  this  ms/  be  seen  in  the  work  by  Mr.  H«- 

gins  which  we  have  so  often  quoted,  and  will,  we  think. 
satisfy  the  reader  of  the  great  probability  of  the  hypothesis 
bcrcinbefbre  assumed  baring  all  the  appearance  of  truth, 
liy  the  subjoined  plan  (^f.  15.)  it  will  be  seen  that  a 
space  !0  ft.  wide,  between  the  two  walls,  conducts  us  to 
the  entrance,  which  is  9  ft.  6  in.  at  the  bos^  T  ft.  10  in.  at 
the  top,  and  about  19  ft,  high.  The  entrance  passage  is 
IS  ft.  long  and  leads  to  the  main  chamber,  which,  in  its 
general  form,  ba.i  some  resemblance  to  a  bee-hire,  whose 
diameter  is  about  48  tt,  and  height  about  49.  (_fig.  16.) 
Tbe  blocks  are  placed  in  courses  as  above  shown,  34  courses 
bein^  at  present  visible.  They  are  laid  with  the  greatest 
preciuon,  without  cement,  and  are  unequal  in  site.  Th^r 
average  height  nuy  be  taken  at  9  ft.,  though  to  a  spectator 
OD  tike  tuiDr,  from  tne  citiaii  oi  me  perspective,  they  appear  to  diminish  very  much  towards 
tbeveitca.  This  monument  has  a  second  ehamber,  to  which  you  enter  on  the  right  from  the 
lo^cr  one  just  described.  Tbii  iiaboul  77  ft.  by  SO,  and  igft.  higb  i  but  its  walls,  from  the 
otMnction  of  the  earth,  are  not  viuble.  The  doorway  to  it  ia  9jft.  high,  4  ft.  7  in.  wide 
at  tbc  base,  and  4  ft.  3  in.  at  the  top.  Similar  to  the  larger  or  principal  doorway,  it  haa  a 
triangnlar  opening  over  its  lintel-  The  stonea  which  fitted  into  these  triangular  openings 
wen  of  enormous  dimeotianf.  Ibr  Ibe  height  of  that  orer  the  principal  entrance  is  18  ft., 
and  its  breadth  7  ft.  B  in.  The  vault  has  been  either  lined  with  metal  or  ornamented  with 
some  sort  of  deooraUon^  inasmuch  as  a  number  of  bronie  nails  are  found  fixed  in  the  stones 
up  to  the  sumnut-  Tie  lintel  of  the  door  consists  of  two  pieces  of  stone,  the  largest  whereof 
it  a?  ft.  long,  IT  tl.  wide,  and  3  ft.  9  in.  thick,  calculated,  therefore,  at  133  tons  weight ;  a 
maa  which  can  be  compared  with  none  ever  used  in  building,  eicept  those  at  Balbec  and 
in  Egypt.      The  other  liiitcl  it  of  the  tune  height,  and  probably  (its  ends  are  hidden)  of 
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H6.  The  UMie  emploTed  is  of  the  hard  and  bautiflil  breccia,  of  which  the  liHghbouring 
(ock^  uid  the  eontiguotu  Mount  Eiibora,  eonuil.  It  ii  the  hardst  and  compactcit  breccia 
which  Greece  produces,  membling  the 
antique  marble  called  Breccia  Tracag- 
nina  antica,  ■oiaetimei  found  among  the 
ruini  of  Rome,      Near  the  gate  lie  wme 

guilloche-like   and    ligiag    ornament*, 
and  a  calumnu  baw  of  a  Peraian  cha- 
racter.    Same  bare  luppowd  that  tbeae 
belonged  to  the  decoratianiof  the  door. 
'   waj  ;  but  we  are  of  a  different  opinioni 
^  inaonuch  an  they  destroy  its  grand  ch^ 
^  racter.     We  think  if  this  were  the  tomb 
\   of  Agamemnon,  they  were  much  more 
g  likely  to  have  been  a  part  of  the  shrine 
lich    the  body  or  ashes  were  de- 


.  in  whicM 
^  posited. 


conjectured  that  the  trea- 
•  aury  of  Minya*  king  of  Orchomcnut, 
whereof  Pausaniaa  Rpeaks,  bore  a  re- 
semblance to  the  building  we  hiTe  just 
described  ;  and  it  is  very  probable  that 
all  the  subterranean  chambers  of  Greece, 
luly,  and  Kcily  were  very  nmilarly 
constructed.  FIff.  17.  represents  the 
entrance  to  the  building  fh>m  the  out- 
side. A)  the  architecture  of  the  early 
races  whereof  we  hue  been  speaking 
will  be  further  discuned  in  investi- 
gating other  monuments,  we  do  not 
I   place   on  what   we    hare   termed  Pelasgie 
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Sect.    III. 

BABYLONIAN    ARCHITKCTURB. 

38.  The  name  prefixed  to  this  section  must  not  induce  the  render  to  suppose  we  shall 
be  able  to  afibrd  him  much  instruction  'on  this  interesting  subject.     The  materials  are 
sooty ;  the  monuments,  though  once  stupendous,  still  more  so.     **  If  ever,**  says  Keith,  in 
his  Emdemee  of  the  Tndh  of  tAs  Ckrigtian  Jteligion,  *<  there  was  a  city  that  seemed  to  bid 
defiance  to  any  predictions  of  its  Ml,  that  city  was  Babylon.     It  was  for  a  long  time  the 
most  &mous  city  in  the  Old  World.     Its  walls,  which  were  reckoned  among  the  wonders  of 
the  world,  appeared  rather  like  the  bulwarks  of  nature  than  the  workmanship  of  man.** 
The  city  of  Babylon  is  thus  described  by  ancient  writers.     It  was  situated  in  a  plain  of 
▼ast  extent,  and  divided  into  two  parts  by  the  river  Euphrates,  which  was  of  considerable 
width  at  the  spot.     Hie  two  divisions  of  the  city  were  connected  by  a  massive  bridge  of 
maooviry  strongly  eonnected  with  iron  and  lead ;  and  the  embankments  to  prevent  inroads 
of  the  river  were  formed  of  the  same  durable  materials  as  the  walls  of  the  city.     Herodotus 
says  that  the  eity  itself  was  a  perfect  square  enclosed  by  a  wall  480  furlongs  in  circum- 
ference, which  would  make  it  eight  times  the  size  of  London.     It  is  said  to  have  had  num- 
beiB  of  hooaea  three  or  four  stories  in  height,  and  to  have  been  regularly  divided  into 
streets  running  parallel  with  each  other,  and  cross  ones  opening  to  the  river.     It  was  sur- 
rounded by  a  wide  and  deep  trench,  from  the  earth  whereof,  when  excavated,  square  bricks 
were  formed  and  baked  in  a  furnace.     With  these,  cemented  together  through  the  medium 
of  heated  bitumen  intermixed  with  reeds  to  bind  together  the  viscid  mass,  the  sides  of  the 
trenches  were  lined,  and  with  the  same  materials  the  vast  walls  above  mentioned  were  con- 
structed.    At  certain  intervals  watch-towers  were  placed,  and  the  city  was  entered  by 
100  gates  of  brass.     In  the  centre  of  each  of  the  principal  divisions  of  the  city  a  stupen- 
dous public  monument  was  erected.     In  one  (Miyor  Rennel  thinks  that  on  the  eastern  side) 
stisod  the  temple  of  Belus ;  in  the  other,  within  a  large  strongly  fortified  enclosure,  the  royal 
pabee.     Hie  former  was  a  square  pile,  each  side  being  two  furlongs  in  extent*     The 
tower  erected  on  its  centre  was  a  forlong  in  breadth  and  the  same  in  height,  thus  making 
it  higher  than  the  largest  of  the  pyramids,  supposing  the  furlong  to  contain  only  500  feet. 
On  thb  tower  as  a  base  were  raised,  in  regular  succession,  seven  other  lofty  towers,  and  the 
whole,  sccording  to  Diodorus,  crowned  with  a  bronxe  statue  of  the  god  Belus  40  feet  high. 

'  See  fy.  18.,  in  which  the  dotted  lines  show  the 

present  remains,  according  to  Sir  R.  K.  Porter's 
account  in  his  Travels.  The  palace,  serving  also 
as  a  temple,  stood  on  an  area  1^  mile  square, 
and  was  surrounded  by  circular  walls,  which, 
according  to  Diodorus,  were  decorated  with 
sculptured  animals  resemblin^^  life,  painted  in 
their  natural  colours,  on  the  bricks  of  which  they 
were  depicted,  and  afUnoardi  burnt  in.       Such 

^ wte  the  city  of  Babylon  in  its  meridian  splendour, 

\|  that  city  whose  founder  (if  it  were  not  Nimrod, 
riB.  IS.  Turi«  or  aniw.  somctimes  called  Belus,)  is  unknown.      Great  as 

it  was,  it  was  enlarged  by  Semiramis,  and  still  further  enlarged  and  fortified  by  Nebuchad- 
nexar.  We  shall  now  present,  from  the  account  of  Mr.  Rich,  a  gentleman  who  visited  the 
ipot  near  thirty  years  ago,  a  sketch  of  what  the  city  now  is.  The  first  grand  mass  of 
ruins  marked  A  iJigf.  19.),  which  the  above  gentleman  describes,  he  says  extends  1100 
Tarda  in  length  and  800  in  its  greatest  breadth,  in  figure  nearly  resembling  a  quadrant ; 
Its  height  is  irregular,  but  the  most  elevated  part  may  be  about  50  or  60  ft  above  the  level  of 
the  plain,  and  it  has  been  dug  into  for  the  purpose  of  procuring  bricks.  This  mound  Mr.  R. 
distmcuisbcs  by  the  name  of  Amrsn.  On  the  north  is  a  valley  550  yards  long,  and  then  the 
seeond  grand  heap  of  ruins,  whose  shape  is  nearly  a  square  of  700  yards  long  and  broad ; 
its  south-west  angle  being  connected  with  the  north-west  angle  of  the  mounds  of  Amran 
by  a  high  ridge  nearly  100  yards  in  breadth.  This  is  the  place  where  Beauchamp  made 
Ins  observations,  and  is  highly  interesting  from  every  vestige  of  it  being  composed  of  build- 
ings fiv  superior  to  those  whereof  there  are  traces  in  the  eastern  qiu&rter.  The  bricks  are 
of  the  finest  description,  and,  notwithstanding  this  spot  being  the  principal  magazine  of  them 
and  constantly  used  for  a  supply,  are  still  in  abundance.  The  operation  of  extracting  the 
bricks  has  caused  much  confiision,  and  increased  the  difiiculty  of  deciphering  the  use  of 
this  mound.  In  some  places  the  solid  mass  has  been  bored  into,  and  the  superincum- 
bent strata  foiling  in,  frequently  bury  workmen  in  the  rubbish.  In  all  these  excavations 
waDs  of  burnt  brick  laid  in  lime  mortar  of  a  good  quality  are  to  be  seen ;  and  among  the 
ruins  are  to  be  found  fragments  of  alabaster  vessels,  fine  earthenware,  marble,  and  great 
quantities  of  varnished  tiles,  whose  glazing  and  colouring  are  surprisingly  fresh.     **  In  a 
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hullow,"  uliwrve*  Mr.  Hich.  ■'  near  iha  Mutbern  pi 

El  ^,_ 

veriwd  with  the  louch."  Not  more  tlian  30O 
jrardi  from  the  lutrthera  eitremil;  of  thin 
^  mound,  ii  ■  ravine  near  100  jards  long,  hol- 
lowed out  bj  thoie  who  dig  lor  briclu,  on  one 
of  vhoK  lidei  a  feir  yardi  of  vail  remain,  the 
ftce  whereof  ia  clear  and  perfect,  and  appears 
to  have  been  the  front  of  lome  building.  Thi; 
oppoiiite  side  ii  so  confused  a  maas  of  rubbiah, 
that  it  looks  as  if  the  ravine  had  been  worked 
through  a  solid  buildins.  Under  the  founda- 
tions at  the  southern  end  was  discoTered  a  sub- 
terranean passage  floored  and  walled  with  large 

of  sandstone  a  yard  thick   and  sereral  yarda 
long,  on  which  the  pressure  is  so  great  as  to 
have  pushed  out   the  side  walls.      What  was 
{J9  seen  was  near  acvcn  feet  in  height,  ite  courae 

IP  being  to  the  south.      Tlie  upper  part  of  the 

"  paisage  is  cemented  with  bilumen,otlier  parts  of 

the  ravine  with  mortar,  and  the  bricka  have  all 
writing  on  them.  At  the  northern  end  of  the 
ravin?  an  excavation  was  made,  and  a  statue 
of  a  lion  of  colossal  dimensions,  standing  on  a 
pedestal  of  coarse  granite  and  rude  workman- 
riiip,  was  discovered.  This  wasabout  the  spot 
marked  E  on  the  plan.  A  little  to  the  weft 
of  the  ravine  at  B  is  a  remarkable  ruin  called 
the  Kasr  or  Palace,  which,  brang  uncovered, 
aTid  parti  J  detached  from  tfae  rubbish,  is  visible 
Wb.  i*>.  pm"  V  pAPvidv.  from  a  conuderable  distance.      It  is  "  so  sur- 

priilngjy  fresli,"  savs  the  author.  "  that  it  was  only  after  a  minute  inspection  I  was  satisfied 
of  ill  being  in  reality  a  Babylonian  remain."  It  cocuists  of  several  walls  and  pieis,  in  some 
placea  onumented  with  niches,  and  in  others  itrengtlicned  bjr  pilasters  of  burnt  brick  in 
lime  cement  of  great  tenacity.  The  tops  of  the  walla  have  been  broken  down,  and  they 
may  haie  been  much  higher.  Contiguous  ID  this  ruin  ia  a  heap  of  rubbish,  wliose  side* 
are  curiously  streaked  by  the  alternation  of  its  materials,  probably  unbumt  bricks,  of  which 
a  small  quantity  were  fuund  in  llie  neighbourhood,  without  however  any  reeds  in  their  in- 
terstices. A  little  to  the  N.  N.  £.  of  it  is  the  liunous  tree  which  the  natives  call  AthelL 
Tbey  say  it  eiisted  in  ancient  Babylon,  and  was  preaerved  by  God  that  it  might  aSord  a 
convenient  place  to  Ali  for  tying  up  bii  horse  after  the  battle  Hellah  I "  "  It  is  an  ever, 
green,"  says  Mr,  R.,  "  someihing  resembling  the  lignum  vita,  and  of  a  kind,  I  believe,  not 
common  in  this  part  of  the  oouDtry,  though  I  am  told  there  is  a  tree  of  the  description  at 
Bassora."  The  ralley  which  separates  the  mounds  just  described  from  the  river  is  white 
with  nitre,  and  does  not  now  appear  to  have  had  any  buildings  upon  it  except  a  small  dr- 
cular  heap  at  D.  The  whole  embankment  is  abrupt,  and  shivered  by  the  action  of  the 
water.  At  the  narrowest  part  £,  cemented  into  the  burnt  brick  wall,  there  were  a  number 
of  urns  filled  with  human  boues  wbich  bad  not  undergone  tlie  action  of  fire.  From  a  con- 
aidenble  quantity  of  burnt  bricks  and  other  fragments  of  building  in  the  water  the  river 
appears  to  have  encroached  here. 

39.  A  mile  to  the  north  of  the  Kasr,  and  950  yards  from  the  bank  of  the  river,  is  the  UM 
ruin  of  this  series,  which  Ketro  delta  Valle.  in  1616.  described  as  the  tower  ofBelus.  in 
which  he  is  followed  by  Rennell,  The  natires  call  it,  according  to  the  vulgar  Arab  pro- 
nunciation of  those  parts,  Mujelih^  which  means  overturned.  They  sometimea  also  apply 
the  same  term  to  the  mounds  of  the  Kasr.  This  is  marked  F  on  the  plan.  "  It  is  of  an 
oblong  shape,  irregular  in  its  hdght  and  the  measurement  of  its  ndes,  which  &ce  the  ca^ 
dinal  points,  the  northern  side  being  WO  yards  in  lengtli,  the  southern  219,  the  eastern 
las,  and  the  western  IS6.  The  elevation  of  the  south-east  or  highest  angle.  III  teet. 
The  western  face,  ^hich  is  the  least  elevated,  is  the  nvnt  interesting  on  account  of  the  af^ 
pearanoe  of  building  it  presents.  Near  the  summit  of  it  appears  a  low  wall,  with  inter- 
ruptions, built  of  unbumt  bricks  mixed  up  with  chopped  Mrvw  or  reeds  and  cemented  with 
elay  mortar  of  great  thickness."  The  south-west  angle  seems  to  have  had  a  turret,  the  others 
are  less  perfect  The  ruin  Is  much  worn  into  furrows  from  tba  action  of  the  weather, 
penetrating  considerably  into  the  mound  in  some  places.  Tbe  summit  ia  covered  with 
heaps  of  rubbish,  among  which  fivgments  of  burnt  brick  are  bund,  and  here  and  there 


BABYLONIAN.  it 

i«n.      Intenpcrscd  are  innuinenibte  IVagnMiit*  of  potteiy, 
and  ertn  shells,  bits  of  glus,  and  mother 
_._.^  of  pe«-l.      The  north, 

era  bee  of  the  Muje- 
Ub£{j!;.  SO.)contaiiiB 
■  niche  of  the  height 
of  ■  man,  at  the  back 

ture  leads  to  a  sinall 
:  otU;,  whence  a  pas- 
sage branches  09"  to 
the  right  till  il  is  lost 
in  the  rubbish.  It  is 
n^Bi.  »nii>u  •«■<■  iHs .UIU.U.  called  by  the  natives 

the  aeitluib  or  eelUr,  and  Hr.  Ridi  was  infomttd  that  ibur  years  pierious  to  his  surtey,  a 
qaastitj  of  DUible  wai  taken  outlroiu  it,  and  a  coffin  of  tnulberrj  wood,  in  which  was  con- 
tained ■  human  body  eoeloaed  in  a  tight  wrapprr,  and  apparently  partially  ooiered  with 
binsmeo, which  crumbled  into  dust  on  exposure  to  the  air.  About  this  spot  Mr.  IL  also  ei- 
laTatcd  and  finind  a  eofBn  containing  a  skeleton  in  high  prcsenatlon,  whose  antiquity  was 
placed  bcjottd  dispute  bj  the  attachment  ofa  brass  bird  to  the  outside  of  the  coffin,  and  in. 
vAt  an  ornament  of  the  laine  material,  which  had  seemingty  tiecn  suspended  to  some  part  of 
thcakeletm.  On  the  weatern  aide  of  the  river  therq  is  not  the  slightest  TBitige  of  ruins  ei- 
ocptiug  oppoaile  the  mass  of  Amran,  where  there  are  two  small  mounds  of  earth  in  existence. 
40.  The  Rwal  atnpendous  and  surprimng  mass  of  the  ruius  of  ancient  Babylon  is  situate 
in  the  desert,  about  sis  milca  to  the  sontb-weat  of  Hellah.  It  is  too  distant  to  be  shown 
on  the  bloek  plan  above  given.  By  the  Arabs  it  is  called  Birs  Nemroud  ;  by  the  Jews. 
_  Nebuchadneasar't   Prison.      Mr.  Rich  was 

1.  ■-  ".  v-t-.l.-      .— --.r..  the  first  traveller  who  gave  any  account 

oflhU  ruin,  of  which  Jig.   si.  is  a  repre- 
sentation; and   the    description   following 
we  shall  present  in  Mr.  Hich's  own  words. 
"  The  Birs  Nemroud  is  a  mound  of  an  ob- 
-~  long    figure,    the   total    circumiereace    of 
^  which  is  T6S  yards.      At  the  eaitem  side 
^  it  is  cloven  by  a  deep  ^rrow,  and  is  not 
'-  more  than  fifty  or  sisty  feet  high  ^  but  at 
'.-  the  western  it  rises  in  a  conical  figure  to 
i.  the  elevation  of  191)  ft.,  and  on  its  summit 
f  it  a  solid  pile  of  brick  S7  ft.  high  by  28  in 
e  breadth,   diminiabing  in    thickoees  to  the 
I  top,   which  is  broken  and  irregular,   and 
"'  rent  by  a  large  fissure  extending  through  a 
f  third  of  iU  height.  It  is  perforated  by  small 
square  holes  disposed  in  rhomboids.      Tlie 

inscriptions  on  them;  and  so  admirable  is 
**-"■  ""  i™""*-"-  the  cement,which  appears  to  be  lime  mortar, 

that,  though  the  Isyen  are  so  close  together  that  it  is  dllliculttodiscem  what  lubstonce  is  be- 
tween them.  It  is  nearly  imposuble  to  eitract  one  of  the  bricks  whole.  The  other  parts  of  the 
sumnul  of  the  hill  are  occupied  by  immense  ftagments  of  brickwork,  of  no  determinate  figure, 
tombled  together  and  converted  into  solid  vitrified  masses,  as  if  they  had  undergone  the  action 
of  die  fiercest  fire  or  been  blown  up  with  gunpowder,  the  layers  of  the  bricka  being  perfectly 
disecmible, — s  curious  bet,  and  one  for  which  I  am  utterly  Incapable  of  accounting.  Those, 
incredible  aa  it  may  seem,  are  actually  the  ruins  spoken  of  by  P^re  Emanuel  (See  DAn- 
rilU,  rsr  rEajArait  tt  U  Tigrt),  who  takes  no  sort  of  notice  of  the  prodigious  mound  on 
whidi  tbey  are  elevated."  The  mound  is  a  majestic  ruin,  and  of  a  people  whose  powers 
were  HOI  lost,  if  the  hypothesis  brought  befi>re  the  reader  in  the  previous  section  on  Celtic 
and  Dmidical  architecture  be  founded  on  the  basis  of  truth,  but  shown  afterwards,  on 
their  separation  from  the  parent  stock,  in  Abury,  Stonehenge,  Carnac.  and  many  other 
ptacca.  Ruins  to  a  considerable  eitent  exist  round  the  Birs  Nemroud  ;  but  for  our  pur- 
pose it  is  not  necessary  to  particularise  them.  The  chance  (for  more  the  happiest  conjec- 
ture would  not  warrant)  of  conclusively  enabling  the  reader  to  come  to  a  certain  and  definite 
notion  of  the  venerable  city,  whereof  it  is  our  object  to  give  him  a  faint  idea,  is  far  too 
iulefinite  to  detain  him  and  eihaiut  his  patience.  One  uraumstanoe,  however,  we  must 
not  omit ;  aiwt  again  we  shall  use  the  words  of  the  traveller  to  whom  we  are  nnder  «o 
many  obligatioiw.  They  are,  —  "  To  these  ruins  I  must  add  one,  which,  though  not  in  the 
■me  direction,  bears  such  strong  charactcrintics  of  a  Babylonian  origin,  that  it  would  be 
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improper  to  omit  a  description  of  it  in  this  place.  I  mean  Akerkouf,  or,  as  it  is  more 
generally  called,  Nimrod*8  Tower  ;  for  the  inhabitants  of  these  parts  are  as  fond  of  attri- 
buting every  vestige  of  antiquity  to  Nimrod  as  those  of  Egypt  are  to  Pharaoh.  It  is 
situate  ten  miles  to  the  north-west  of  Bagdad,  and  is  a  thick  mass  of  unbumt  brickwork* 
of  an  irregular  sh^ie,  rising  out  of  a  base  of  rubbish  ;  there  is  a  layer  of  reeds  between 
every  fifth  or  sixth  (for  the  number  is  not  regulated)  layer  of  bricks.  It  is  perforated  with 
small  square  holes,  as  the  brickwork  at  the  Birs  Nemroud ;  and  about  half  way  up  on  the 
east  side  is  an  aperture  like  a  window  ;  the  layers  of  cement  are  very  thin,  whi<^,  consider- 
ing it  is  mere  mud,  is  an  extraordinary  circumstance.  The  height  of  the  whole  is  1 S6  ft. ; 
diameter  of  the  largest  part,  100  ft.  ;  circumference  of  the  foot  of  the  brickwork  above  the 
rubbish,  300  ft.  ;  the  remains  of  the  tower  contain  100,000  cubic  foet  (Vide  /ms**  TVavds, 
p.  296.)  To  tlse  east  of  it  is  a  dependent  mound,  resembling  those  at  the  Birs  and  Al 
Hheimar.*' 

41.  The  inquiry  (following  Mr.  Rich)  now  to  be  pursued  is  that  of  identifying  some  of 
the  remains  which  have  been  described  with  the  description  which  has  been  left  of  them. 
And,  first,  of  the  circuit  of  the  city.  The  greatest  circumference  of  the  city,  according  to 
the  authors  of  antiquity,  was  480  stadia  (supposed  about  500  ft.  each),  the  least  S<X).  Strabo, 
who  was  on  the  spot  when  the  walls  were  sufficiently  perfect  to  judge  of  their  extent,  states 
their  circuit  at  385  stadia.  It  seems  probable  that  within  the  walls  there  was  a  quantitv  of 
arable  and  pasture  ground,  to  enable  the  population  to  resist  a  siege ;  and  that,  unlike  modem 
cities,  tlie  buildings  were  distributed  in  groups  over  the  area  inclosed  ;  for  Xenophon  reports 
that  when  Cyrtis  took  Babylon  (which  ^vent  happened  at  night)  the  inhabitants  of  the  oppo- 
site quarter  of  the  town  were  not  aware  of  it  till  the  third  part  of  the  day ;  that  is,  tliree  hours 
after  sunrise.  The  accounts  of  the  height  <^  the  walls  all  agree  in  the  dimension  of  50  cubits, 
which  was  their  reduced  height  from  350  ft.  by  Darius  Hystaspes,  in  order  to  render  the 
town  less  defensible.  The  embankment  of  the  river  with  walls,  aeoording  to  Diodorus 
100  stadia  in  length,  indicates  very  advanced  engineering  skill;  but  the  most  wonderful 
structure  of  the  city  was  the  tower,  pyramid,  or  sepulchre  of  Belus,  whose  base,  according 
to  Strabo,  was  a  stadium  on  each  side.  It  stood  in  an  enclosure  of  two  miles  and  a  hali^ 
and  contained  the  temple  in  which  divine  honours  were  pud  to  the  tutelary  deitv  of  Baby- 
lon. Tlie  main  interest  attached  to  the  tower  of  Belus  arises  from  a  belief  of  its  identity 
with  the  tower  which  we  learn  from  Scripture  (  Gen.  xi. )  the  descendants  of  Noah,  with 
Belus  at  their  head,  constructed  in  the  pluns  of  Shinar.  The  two  masses  of  ruins  in  which 
this  tower  must  be  sought,  seem  to  be  the  Birs  Nemroud,  whose  four  sides  are  SS86  En- 
glish feet  in  length  ;  and  the  Migelib^  whose  circumference  is  Sill  ft.  Now,  taking  the 
stadium  at  500  ft.,  the  tower  of  Belus,  according  to  the  accounts,  would  be  52000  ft.  in  cir- 
cumference ;  so  that  both  the  ruins  agree,  as  nearly  as  possible,  in  the  requisite  dimensions, 
considering  our  uncertainty  respecting  the  exact  length  of  the  stadium.  Mr.  Rich  evidently 
inclines  to  the  opinion  that  the  Birs  Nemroud  is  the  ruin  of  this  celebrated  temple,  though 
he  allows  **  a  very  strong  objection  may  be  brought  against  the  Birs  Nemroud  in  the  dis- 
tance of  its  position  from  the  extensive  remains  on  the  eastern  bank  of  the  Euphrates, 
which  for  its  accommodation  would  oblige  us  to  extend  the  measurem«it  of  each  side  of 
the  square  to  nine  miles,  or  adopt  a  plan  which  would  totally  exclude  the  Mujelib^,  all  the 
ruins  above  it,  and  most  of  those  below  :  even  in  the  former  case,  the  Mtg^ib^  and  the 
Birs  would  be  at  opposite  extremities  of  the  town  close  to  the  walls,  while  we  have  every 
reason  to  believe  that  the  tower  of  Belus  occupied  a  central  situation.** 

42.  The  citadel  or  palace  was  surrounded  by  a  wall  whose  total  length  was  60  stadia, 
within  which  was  another  of  40  stadia,  whose  inner  face  was  ornamented  with  painting,  — > 
a  practice  (says  Mr.  Rich)  among  the  Persians  to  this  day.  Within  the  last-named  wall 
was  a  third,  on  which  hunting  subjects  were  painted.  The  old  palace  was  on  the  opposite 
side  of  the  river,  the  outer  wall  whereof  was  no  larger  than  the  inner  wall  of  the  new  one. 
Above  the  palace  or  citadel  were,  according  to  Strabo,  the  hanging  gardens,  for  which,  in 
some  respects,  a  site  near  the  Mujelib^  would  sufficiently  answer,  were  it  not  that  the 
skeletons  found  there  "  embarrass  almost  any  theory  that  may  be  formed  on  this  extra- 
ordinary pile.** 

43.  As  yet,  no  traces  have  been  found  of  the  tunnel  under  the  Euphrates,  nor  of  the 
obelisk  which  Diodorus  says  was  erected  by  Semiramis ;  it  is  not,  however,  impossible  that 
the  diligence  and  perseverance  of  future  travellers  may  bring  them  to  light.  Rich  bdtieves 
that  the  number  of  buildings  within  the  city  bore  no  proportion  to  the  extent  of  the  walls, 
~-a  circumstance  which  has  already  been  passingly  noticed.  He  moreover  thinks  that  the 
houses  were,  in  general,  small ;  and  further,  that  the  assertion  of  Herodotus,  that  it 
abounded  in  houses  of  two  <h>  three  stories,  argues  that  the  migority  consisted  of  only  one. 
He  well  observes,  **  The  peculiar  climate  of  this  district  must  have  caused  a  similarity  of 
habits  and  accommodation  in  all  ages ;  and  if,  upon  this  principle,  we  take  the  present 
feshion  of  building  as  some  example  of  the  mode  heretofore  practised  in  Babylon,  the 
houses  that  had  more  than  one  story  must  have  consisted  of  the  ground  floor,  or  baue-etmr, 
occupied  by  stables,  magasines,  and  serdaubs  or  cellars,  sunk  a  little  below  the  ground,  for 
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t)w  BHnfiirt  of  the  inhtbLluiu  during  tha  heat ;  aboTC  thi>  ■  gii\ttj  with  the  lodging 
roono  opening  into  it ;  and  oier  nil  the  Hut  lerrue  rw  the  people  lo  ijeep  on  during  tiie 
nimmer."      Id  thew  obscrvHtion*  we  fully  concur  wiili  tlie  nuthoc,  believing  that  clinule 

41.  VnstncB  of  dimennoo,  rather  tlun  refined  art,  may  be  reaxonably  infim'ed  of  the 
Babjlooiiin  arcbiteclure ;  the  iculpturea  which  h»e  been  aeen  are  Iboia  of  »  people  pot  *o 
adraaeed  in  art  n  the  Egfptiioi.      From  the  similiuiC}'  of  the  arrow- headed  chanctcrt  on 

polia,  wv  may  birlj  canjecturc  a  aimiUrit;  of  habits  and  taste  between  the  people  of  the 
two  cities;  of  the  Utter  we  haie  more  perfect  remains  than  of  the  former,  of  which  we 
shall  (iimiifa  our  readcn  with  lome  eiamplei  in  the  next  lection.  In  Ana,  about  the 
pnniDces  of  which  we  hare  ipoken,  muit  be  sought  the  first  notions  of  the  art.  There 
its  wooden  Gnt  appeared  ;  there  it  first  developed  its  power.  Greater  almost  at  its  birth 
than  erer  afterwards,  it  seems  all  at  once  to  have  risen,  as  respects  ahsolute  grandeur,  to 
the  highest  state  of  which  it  was  there  susceptible  ;  and,  degenerating  suceessivel^  under 
'  t  buula  of  other  people,  we  oiaj  reckon  by  the  periods  of  its  decay  the  epochs  of  its 


tS.  No  trace  of  the  arch  has  been  found  in  the  ruins  either  at  the  Kasr  or  in  the  passage* 
al  the  Mujelibe.  Massy  piers,  butlresaei,  and  pilasters  supplied  the  place  of  the  column. 
TTie  timber  they  used  was  that  of  the  dale  tree,  posts  of  which  were  used  in  their  domestic 
architecture,  round  which,  says  Strabo,  Ihey  twist  reeds  and  apply  a  coat  of  paint  to  them. 
Thiclinesi  of  wall  waa  obtained  by  casing  rubble  work  with  fine  brick,  of  which  two  sorts 
were  made.  The  one  was  merely  dried  in  the  sun,  the  other  burned  in  s  kiln.  The  latter 
wu  la  in.  square  and  3  in.  tliick,  with  varieties  for  diflvrent  situations  in  the  walls.  They 
are  of  sarioui  eoloun.  The  sun-dried  is  considerably  larger  tlisn  the  kiln-dried.  There 
is  reason  fljr  believing  that  lime  cement  was  more  generally  used  than  bitumen  or  clay; 
indeed,  Niebuhr  says  that  the  bricks  laid  in  bitumen  were  easily  separated,  hut  that  where 
mortar  had  been  employed  no  force  could  detach  them  ftom  each  other  without  breaking 


46.  Penepolit,  the  ancient  capital  of  Persia,  whereof  the  few  ruins  now  remain, 
ing  we  are  about  to  describe,  was  sealed  (lat  XT  tCf  N.,  long.  84'  £.)  in  the  great 
plain  of  Merdashl  or  Ittakhr,  one  of  the  most  fertile  in  the  world,  being  watered  in  all 
dircctioos  by  rivulets  and  artificial  drains,  which  ultinutely  unite  in  the  Bundemir,  the 
ancient  Araies.  The  site  of  this  city,  destroyed  two  thousand  yean  since,  would,  like 
Memphis,  have  ecareely  left  a  vestige  by  which  it  could  have  been  identified,  but  fiir  the 
ceMmtcd  ruini  of  Chel-Minar  (Jig.  8E.),  which  are  believed  to  be  the  remains  of  that 


ancient  palace  of  the  inasten  of  Asia  to  which  Aleisnder  set  fire  in  a  moment  of  madness 
and  debauch.  The  information  we  are  about  to  give  on  this  subject  is  obtained  from  De 
Broyn.  who  eiamined  the  ruins  with  great  attention  In  1704,  with  some  reference  alio  lo 
Niaiahrand  Sir  R.  K.  Porter,  the  latest  tnvcller  who  has  published  any  account  of  them. 
47.  The  ruins  are  situated  at  the  foot  and  lo  the  west  of  the  mountain  Kulirag-mel, 
On  three  udes  the  walls  are  remaining,  the  mounlun  to  the  eail  forming  the  other  side 

C  a 
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IS  ft. 

7  in. 

On  then 

orlh  iidi  > 

31ft. 

liiiTh 

n  some  pi 

.coi.     Atlh 

found 

■  Urga  pUtfbnn 

SO0iiB«s(l43jft.).  and  390  (80Sfl.)ltDm  veit  to 
i,  having  no  Bturi  an  thit  lide  ;  ueritge  height  about 
no  paeei  (9S6  ft.)  from  cut  to  wett,  and  the  wall  ii 
irth-oeit  earner  of  the  vail,  about  80  pace*  in  eilent 
irincipal  staireaie.  On  mounting  the  itcpa  there  is 
itent  toward!  the  mountain.    Along  the  wall  on  three 


Jp" 


tends  for  a  width  of 
8  ft.  The  principal 
««rca«A(jtsF.29.) 
a  not  placed  in  the 
^  middle  of  the  west 
side,  but  nearer  to 
the  north.  It  hajia 
oiible  flight,  the  dis. 
■    between    the 


light)    . 


the  width  of  thern  ia 
S5ft.7in.  Thettepi 
■re  4  in.  bighi  and 
Kin.  wide.  Flfty- 
Hie  of  them  remain 
on  the  north  ude, 
and  fifty-three  on 
the  aoutb  ;  and  it  is 
prabable  that  aome 
are  buried  by  the 
ruing.  The  half 
apace*  at  the  top  of 
the   Errt  fliglit  are 

51  ft.  4  in.  wide.  Tlie  upper  flight!  are  leparated  ft-om  the  lower  by  ■  wall  which  runi 
through  at  the  upper  landing,  llie  upper  flights  are  in  forty-eight  stepii  and  are  cut  out 
ufsingle  block!  of  the  rock.      The  upper  landing  ii  seTenty-fiie  feet  between  the  flight). 

4S.  Forty-two  feel  fVom  the  landing,  at  B,  are  two  lai^e  portals  and  two  column! 
(originally  four).  The  bottom  o(  the  tint  ii  covered  with  two  block!  of  stone,  which  All 
two  thirds  of  the  space  ;  the  other  tliird  having  been  deitroyed  by  time.  The  second  por- 
Ul  is  more  nnered  by  the  earth  than  the  first,  by  five  feet,  lliey  are  S3  ft.  4  in.  deep, 
and  13  ft.  4.  in.  wide.  On  the  interior  lidc-faces  of  their  piers,  and  nearly  the  whole 
lentil  of  them,  are  large  figures  of  bulls,  cut  in  bas-relief.      The  heads  of  these  animals  are 


upper  part  of  the  pier*  Diere  ai 


lome  arrow-headed  eharacten,  too  small  to  be  made  out 
fVom  below.    The  remains  of  the  first  portal  are 
39  ft.  high,  and  of  the  second  36  ft.      The  bate 
of  the  pien  is  5  ft  9  in.  high,  and  project!  in- 
wards i  and  the  bases  upon  which  the  figures 
stand  are  ]  ft.   3  in.  high.       We  may  here  ob- 
serve that  the  figures  on  the  further  portal  ha*e 
the  body  and  legs  of  a  bull,  an  enormous  pair 
;   of  wings  {  j!j.  24.)  projecting  from  the  slwulden, 
■nd  the  beads  looking  to  the  eaat  shnw  the  facet 
(.  of  men.      On  the  bead  is  a  cylindrical  diadem, 
^  on  both  sides  of  which  horns  are  clearly  repre- 
\   sented  winding  from  the  brow*  upwarda  to  the 
'■    front  of  the  crown  1  the  whole  being  surmounted 
.'   with  a  sort  of  coronet,  formed  of  a  range   of 
leave*  like  the  lotus,  and  bound  with  a  fillet 
^  carved  like  roses.      The  two  columns  (nt  Sir  R. 
'    K.   Porter's  visit  only  one  remuncd)  are  the 

Smost  perfect  among  the  ruins,  and  are  S4  It 
high.  At  the  distance  of  fifty-two  feet  south- 
eastward IVom  the  second  portico  is  a  water- 
trough  cut  out  of  a  single  stone  30  ft.  long  and 
"-  IT  ft  5  in.  hrood,  and  standing  3  ft.  high  from 

northern  wall  of  the  platform  is  covered  with  fVagmentsi 
jl  channelled  as  the  others  are  ;  this  is  13  ft  4  in.  high- 
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19.  At  one  hundred  and  Kveiily-two  feet  from  Hie  partab,  touthwird,  is  another  stair- 
cue  of  tiro  Bight!  (lettered  C),  one  weit  and  the  other  can.  On  the  top  of  the  rwnp  of 
the  Btept  are  tome  tbliaRes,  and  a  lion  tearing  to  pieces  a  bull,  in  bas-relief  and  larger  than 
nature.  'Dui  itaireaae  is  half  buried.  The  ireatem  Right  hu  t*entj-eiglit  itepi,  and  the 
other,  where  Iha  ground  is  higher,  has  only  eighteen.  These  steps  are  17  ft.  long,  3  in. 
high,  aod  14}  in.  vidb  The  wall  of  the  landing  is  sculptured  with  three  rowi  of  Igurea, 
one  aborc  tbe  other,  and  eiteoding  ninetf-eight  feet.  The  fiieea  of  theae  inner  terrace  valla 
all  decorated  with  bas-relieb,  of 
cfa  Jig.  S5.  a  a  specimen.  On  ar. 
I  riring  at  the  top  of  this  staircase,  wsa 
f  found   another   large    ptatibnii,  pared 


uice  of  twenty-two  feet  two  iDcbea 
I  from  the  parapet  of  the  landing,  are  the 
[  most  northern  columns  (lettered  D), 
I  originally  tweWe  in  number,  whereof 

_  ■  in    Sir  R.  K.   Porter's  time  only  one 

""  "' '  ~  remained.      At  seventy-one  leet  south- 

ward from  these  stood  thirty-ui  columns  more,  at  intarrals  of  twenty-two  feet  two  inches 
from  each  other,  whereof  only  five  now  remain  i  the  bases,  howerer,  of  all  the  othen  are  in 
their  places,  though  most  of  them  are  much  damaged.  This  group  of  colunuiH  is  lettered 
E.  To  the  east  and  west  of  the  last-named  group  are  (wo  other  groups  of  twelve  each 
marked  F  and  G,  whereof  five  still  remwn  in  Sie  eastern  one,  and  lour  in  the  western  one. 
Tlie  colunuu  of  the  central  group  are  fifty-fire 
groups  are  Bity  feet  in  height.      To  the  south  ol 

ruins  is  vtaible  (lettered  H).  conusting  of  portals,  passages,  windows,  &c  The  first  are 
decorated  with  figures  on  the  interior ;  and  the  whole  plot  on  which  they  stand  is  95  paces 
from  east  to  west,  and  about  125  paces  ftom  north  to  south.  The  centre  part  of  the  plot  is 
covered  with  fragments  of  columna  and  other  stones  ;  and  in  tbe  interior  part  there  seems 
to  hare  been  a  group  of  serenty-rii  columns,  whereof  none  are  represented  by  Sir  IL  K. 
Porter,  nor  are  they  shown  in  eitbei  of  Le  Bruyn's  liews.  The  highest  building  as  to 
Icrel,  marked  I,  is  lis  ft  distant  from  the  columns  lettered  G.  Some  fbundations  are 
Tinble  in  front  of  this  building,  to  which  there  is  not  tbe  slightest  trace  of  a  staircase.  At 
fifty-three  (bet  from  the  fa^e  of  it  to  tlic  right  is  a  staircBse  of  double  flight,  marked  K, 
where  again  liaasi  relievi  are  to  be  found,  near  which  are  the  remains  of  some  portala 
which  Ijf  Bruyn  thinks  were  destroyed  by  an  earthquake.  Ilie  next  ruin  (X.)  is  54^  A.  in 
extent,  and  has  portals  umilar  to  those  in  other  parts  of  the  place.  To  its  north,  M 
exhibits  uniform  features,  with  windows,  and  what  travellers  bate  agreed  to  calt  niches, 
which  are  nothing  more  than  square-headed  recesses.  Sculpture  here  again  abounds, 
whereof  we  do  not  think  a  description  necessary,  as  in  Jig.  S5.  a  specimen  of  it  has  been 
given,  sufGoent  to  indicate  its  character.  Behind  this  edifice  is  another,  in  some  respects 
similar,  except  that  it  is  thirty-eight  feet  longer.  It  is  marked  N  on  the  plan.  One 
hundred  feet  to  the  south  of  this  lost  set  of  ruins  (letUred  O),  Sir  R.  K.  Porter  seems 
to  have  bund  traces  of  columns,  which,  if  we  read  Le  Bruyn  rightly,  he  does  not  mention. 
In  this,  tbe  last-named  traveller  found  a  staircase  leading  to  subterranean  apartments,  ns  he 
thought,  but  nothing  of  interest  was  discovered.  The  general  dimensions  of  the  building 
<F)  estend  about  160  ft  from  north  to  south,  and  190  ft.  from  east  to  west.  It  ei- 
bibiti  ten  portals  in  ruins,  besides  other  remuns ;  and  there  are  traces  of  thiity-sii 
coltimni,  in  ax  raoka  of  sii  each.  The  spot  is  covered  with  fVagments.  under  which  have 
been  traced  conveyances  for  water.  To  the  west  of  the  last-named  building  was  another 
entirely  in  ruins  :  to  the  east  of  it  are  visible  the  remains  of  a  line  staircase,  much  resembling 
that  first  deacribed,  and  which,  therefore,  we  do  not  think  it  necessary  to  particularise, 
more  than  we  do  the  numberless  fragments  scattered  over  the  whole  area,  which  was  equal 
to  nearly  thirty  English  acres  1  The  ruins  at  Q.  are  of  porUh.  At  R  and  S  arc  tombs 
cut  in  the  rock,  of  curious  form,  but  evidently,  from  their  character,  the  work  of  those  who 
eonatructed  tbe  enormous  pile  of  buildii^  of  which  we  have  already  inserted  a  repre. 
•eotation.  Between  the  leading  forms  of  the  portals  of  these  ruins,  or  porticoes,  aa  Le 
Bruyn  call*  them,  and  those  of  the  structures  of  Egypt,  there  is  a  very  striking  resemblance. 
On  comparison  of  tbe  two,  it  is  impossible  not  to  be  struck  with  the  large  crowning  hol- 
lowed member,  which  seems  to  have  been  common  to  the  edifices  on  the  banks  of  tbe  Nile 
and  lluae  on  tbe  plain  of  Merdasht.  In  both,  this  member,  forming,  an  it  were,  an  en. 
lablatnre,  is  ornamented  with  vertical  ribs  or  leaves,  and  the  large  fillet  above  the  hollow 
^pean  equally  in  each.  In  the  walls  of  the  Persepolitan  remains,  there  is  perhaps  less  real 
massiveness  than  in  -those  which  were  the  works  of  the  Egyptians ;  but  the  similarity  of 
appearance  iKtween  them  points  to  the  conjecture  that,  though  neither  might  have  been 
borrowed  front  the  other,  they  are  not  many  removes  from  one  common  parent.  The  an- 
C  3 
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eied  diagwn  (fy.  36. )  will  gi<r«  the  KMier  Hmie  notion  oT  the  iitjle  of  Hie 


IVrscpolii.    The  dimgniin  (fy,  27. )  eiliibits  ■  specimen  of  ■  column  and 
~  1-   ■   capiul   frum   one   of  ttie  loinbi.      The  w«11b  forming 

le  great  ctplonikHe  are   wondeHVilly  perfect :  and  appear 
■ting  eijiiallj  the  atucks  oTtime  and  barliariim.    I1ie  surfi 


«cCed  by  cramps,  whose  re 

ch  Ihef  have  been  removed,  n< 
fe  aFfected  their  nice  fitting  to  each  other ; 
„  they  are,  indeed,  so  well  wrought  that    ' 


■e  per 


"°^ 


«  pUt. 


of  metnl  could 


look  at  the  style  of  composilion  and  dctalli  uf  PenepaUs  without  a 
late  connection  between  ihcarchilectiof  Perua  and  thow  of  Egypt. 
The  principles  of  both  are  identical ;  and  without  inquiring  into 
the  einct  date  of  the  monument  whose  description  we  haie  Just 
left,  there  U  sufficient  to  convince  ut  that  the  theory  started  in 
respecl  of  the  Cfclupcan  architecture,  of  the  arti  trnvetling  in 
every  direction  from  some  central  AUatic  point,  is  fiilly  borne  out ; 
and  that  the   Egyp- 


origiiii 


.  ".y^" 


tlance  of  pro- 
bability, have  as- 
signed the  erection 
of   this    stupendous 

palace  to  Egyptian 


r*.t5.  .lues't  of  ERvpl   by      """■  -.-.....,... 

(•■W.1.I.DD.  [■••.cnu.        Cnmliyses  ;  but  we  think  they  are  answered  by  the  similarity  of 

arrow-headed  characters  used  therein  to  those  of  andent  Babylon,  whereof  an  example  is 

here  given(jlj.  29.)  from  one  of  the  portals  of  Persepolls.      A  few  miles  to   the  south  of 

PenepolK  >he  excavated  hill  of  Nnkihi  Ruston  (Jig,  OO.)  prescnto  ■  number  ofwulptured 
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tombo,  the  highest  uippoaed  to  be  coeval 
the  early  kings  of  Feraia.  The  lover  I. 
■uiide  djnuties. 

51.  The  present  arehiteeture  of  PetsU  much  resembles  that  of  other  MahomeUn  coun- 
tries. The  city  of  lapahui,  in  its  prosperitj,  is  said  to  hare  been  surrounded  by  a  vail 
twenty  mllcA  in  circuit  When  viiiied  bj  Chsrdin,  in  1666-7,  the  walla  were  so  com- 
plete); cOTetdl  with  houaes  as  to  be  ■carcel]'  discernible  i  and  be  observes,  that  from  what- 
•m  side  Ibe  cilj  is  beheld  itresemblesa  vood,  whereonly  domes  are  10  be  teen,  with  lofty 
alandcr  towers  attaclied  to  them.  The  houKi  are  generally  mean  in  eilemal  appearance : 
they  commonly  eowiUt  of  a  large  aquare  court  surrounded  with  rooms  of  varying  dimensions 
tat  different  uvs,  the  sides  of  the  area  being  planted  with  flowers,  and  teA'edhed  by  fountai 
DUtiDct  from  this  is  a  minaller  court,  rt  ''  ' 


^nd  whi 
every  dwelling  bag  a  garden  att 
are  iplendidly  finished,  though 


BttBched 


-Imply  furn 


le  females  of  the  bmily  ;  a 
interior  apailments  of  the  richer  classes 
llHxe  Inbahiled  by  the  governor,  public 
with  palaces.  Newly  all  of  them  are  constructed  with  sun-dried  bricks,  the  public  edifices 
only  being  built  with  burnt  bricks :  the  rao&  are  mostly  flat,  having  terraces,  whereon  the 
iolubitants  alevp  during  serenil  months  of  the  year.  According  to  the  author  above  quoted. 
Ih«re  were  in  bis  time  within  the  walls  160  mosques,  4S  colleges,  IS09  earavanseras.  3Tfl 

s,  IS  cemeteries,  and  38,000  houses.     Butunee  tliat  period  the  city  has  (alien  into  great 
"The  SuA  Mridia,  however  (Jigi.  31.  and  S3.),  or  royal  square.  In  still  one  of  the 


largest  and  finest  in  the  world.      It  is  440  paces  in  length,  and  160  in  breadth.      On  its 
saiKh  ude  stands  the  royal  mosque,  a  nrngniGeent  building,  erected  by  Sbab  Abbas,  in  the 
sixteenth  century,  and  constructed 
of  stone,  covered  with  highly  var- 
nished bricks  and  tiles,  whereon  are 
.   inscribed  sentences  of  theKoran.  On 
,    another  side  of  the  Meidan  is  a  Ha- 

I'  hometan  college  called  the  Medresse 
Stuii  Sultan  Hossein.  The  entrance 
is  through  a  lofty  portico  decorated 
:  with  twisted  columns  of  Tabriimar- 
i   ble,    leading    through   two    bruen 

ni.>s.  Its  auH  ■Biui.  ver,  and  their  whole  sur&ce  sculp- 

tured and  embossed  with  Bowers, 
and  yena  from  the  Koran.  Advancing  into  the  court,  on  the  right  aide  is  a  mosque, 
wboac  dome  is  covered  with  lacquered  tiles,  and  adorned  eiternally  with  ornaments  of 
pun  gold.  Tbis,  and  the  minarets  that  flank  it,  are  now  blling  into  decay.  Ilie  other 
sides  of  the  square  are  occupied,  one,  by  a  lofty  and  beautifiil  portico,  and  the  remuning 
two  by  imall  square  cells  for  students,  twelve  in  each  front,  disposed  in  two  stories.  In  the 
city  are  Irw  hospitals  ;  one  stands,  however,  be«de  the  caravanserai  of  Shah  Abbas,  who 
tncied  both  at  the  ume  time,  that  the  revenue  of  the  latter  might  support  the  proper 
officers  of  Uw  hospital      That  the  rewler  may  have  a  proper  ides  of  one  of  these  inns  erf  the 
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East,  if  they  msj  be  bo  called,  we  have  here  given  the  plan  of  that  just  above  named  (yf^f. 

S3. ).  The  palaoea  of  the  kings 
are  enclosed  in  a  fort  of  lofty 
walls,  about  three  miles  in  cir- 
cuit ;  in  general  the  front  room 
or  hall  is  verv  open,  and  the 
roof  supported  by  carved  and 
gilded  columns.  The  windows 
glased  with  curiously  stained 
glass  of  a  variety  of  colours ; 
each  has  a  fountain  in  front. 
The  palaee  of  Chehel  Sitoon, 
or  forty  pillars,  is  placed  in  the 
middle  of  an  immense  square* 
intersected  by  canals,  and 
planted  with  trees.  Towards 
the  garden  is  an  open  saloon 
whose  ceiling  is  home  by 
eighteen  columns,  inlaid  witlt 
mirrors,  and  appearing  at  a  dis- 
tance to  consist  entirely  of 
glass.  The  base  of  each  is  of 
marble,  sculptured  into  four  lions,  so  placed  that  the  shafts  stand  on  them.  Mirrors  are 
distributed  on  the  walls  in  great  profusion,  and  the  ceiling  is  ornamented  with  gilt  flowers. 
An  arched  recess  leads  fiY>m  the  apartment  just  described  into  a  spacious  and  splendid  halL 
whose  roof  is  formed  into  a  variety  of  domes,  decorated  with  painting  and  gilding,  llie 
walls  are  partly  of  white  marble,  and  partly  covered  with  mirrors,  and  are  moreover  deco- 
rated with  six  large  paintings,  whose  subjects  are  the  battles  and  royal  fetes  of  Shah  Ismael 
and  Shah  Abbas  the  Great.  Though  of  considerable  age,  the  colours  are  fresh,  and  the 
gilding  still  brilliant.  Adjoining  the  palace  b  the  harem,  erected  but  a  few  years  ago. 
The  bazaars  are  much  celebrated ;  they  consist  of  large  wide  passages,  arched,  and  lighted 
from  above,  with  buildings  or  stores  on  each  side.  One  of  these  was  formerly  600  geo- 
metrical paces  in  length,  very  broad  and  lofty.  From  these  being  adjacent  to  each  other, 
a  person  might  traverse  the  whole  city  sheltered  from  the  weather.  In  Ispahan,  we  must 
not  forget  to  notice  that  some  fine  bridges  exist,  which  cross  the  river  Zenderond. 


A^^ 


P1ff.8S. 


CAJIATAjnBBAI  09  RIAH  ABBAa. 


Sect.   V. 


JEWISH    ARCUITECTURS. 


52.  We  are  scarcely  justified  in  giving  a  section,  though  short,  to  the  architecture  of  the 
Jews,  since  the  only  buildings  recorded  as  of  that  nation  are  the  Temple  of  Jerusalem  con* 
structed  by  Solomon,  and  the  house  of  the  forest  of  Lebanon.  The  shepherd  tribes  of 
Israel,  indeed,  do  not  seem  to  have  required  such  dwellings  or  temples  as  would  lead  them, 
when  they  settled  in  cities,  to  the  adoption  of  any  style  very  different  from  that  of  their 
neighbours.  Whatever  monuments  are  mentioned  by  them  appear  to  have  been  rude,  and 
have  been  already  noticed  in  the  section  on  DruicUcal  and  Celtic  architecture.  When 
Solomon  ascended  the  throne,  anxious  to  fulfil  the  wish  his  father  had  long  entertained  of 
erecting  a  fixed  temple  for  the  reception  of  the  ark,  he  was  not  only  obliged  to  send  to 
Tyre  for  workmen,  but  for  an  architect  also.  Upon  this  temple  a  dissertation  has  been 
written  by  a  Spaniard  of  the  name  of  Villalpanda,  wherein  he,  with  consummate  simplicity, 
urges  that  the  orders,  instead  of  being  the  invention  of  the  Greeks,  were  the  invention  of  God 
himself,  and  that  Callimachus  most  shamefully  put  forth  pretensions  to  the  formation  of  the 
Corinthian  capital  which,  he  says,  had  been  used  centuries  before  in  the  temple  at  Jerusalem. 
The  following  account  of  the  temple  is  from  the  sixth  chapter  of  the  First  Book  of  Kings. 
Its  plan  was  a  parallelogram  (taking  the  cubit  at  1  *824  ft.,  being  the  length  generally 
assigned  to  it)  of  about  109^ ft.  by  36}  ft.,  being  as  nearly  as  may  be  two  thirds  of  the 
size  of  the  church  of  St.  Martin's  in  the  Fields.  In  front  was  a  pronaos,  or  portico, 
stretching  through  the  whole  front  (36}  ft )  of  the  temple,  and  its  depth  was  half  its  extent. 
The  cell,  or  main  body  of  the  temple,  was  54}  ft.  deep,  and  the  sanctuary  beyond  36} 
cubits ;  the  height  of  it  being  equal  to  its  length  and  breadth.  The  height  of  the  middle 
part,  or  cell,  was  54}  ft.  ;  and  that  of  the  portico  the  same  as  the  sanctuary,  —  that  is, 
36}  ft., — judging  firom  the  height  of  the  columns.  In  the  interior,  the  body  of  the  temple 
was  surrounded  by  three  tiers  of  chambers,  to  which  there  was  an  ascent  by  stairs ;  and  the 
central  part  was  open  to  the  sky.  The  ends  of  the  beams  of  the  floors  rested  on  corbels  of 
stone,  and  were  not  inserted  into  the  walls,  which  were  lined  with  cedar,  carved  into 


n 
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efaerubims  and  palm  trees,  gilt.  In  the  sanctuary  two  figures  of  cherubs  were  placed, 
whose  wings  touched  each  other  in  the  centre,  and  extended  outwards  to  the  walls.  Hiese 
were  10  cubits  high.  In  the  front  of  the  portico  were  two  pillars  of  brass,  which  were  cast 
by  Hiram,  <*  a  widow's  son  of  the  tribe  of  Naphtali,*'  whose  **  father  was  a  man  <f  Tyrt^* 
^^^  and  who  "  came  to  king  Solomon  and  wrought  all  his  work."  These  two  pillars  of 
Y^^f  brass  (I  Gmgt^  Tii.  14,  15.)  were  each  18  cubits  high,  and  their  circumference  was 
IS  cubits ;  hence  their  diameter  was  3*82  cubits.  The  chapiters,  or  capitals,  were 
5  cubits  high ;  and  one  of  them  was  decorated  with  lilies  upon  a  net-work  ground* 
and  the  other  with  pomegranates.  From  the  representation  {^fg.  S4.)  here  given, 
the  reader  must  be  struck  with  their  resemblance  to  the  columns  of  Egypt  with 
thor  l<rtus  leaves,  and  sometimes  net-work.  In  short,  the  whole  description  would 
almost  as  well  apply  to  a  temple  of  Egypt  as  to  one  at  Jerusalem.  And  this  tends, 
v^  3M*  though  slightlv  it  is  true,  to  diow  that  the  Phoenician  workmen  who  were  employed 
on  the  temple  worked  in  the  same  style  as  those  of  Egypt. 

53.  The  house  of  the  forest  of  Lebanon  was  larger  than  the  temple,  having  been  lOO 
cubits  in  length,  by  50  in  breadth ;  it  also  had  a  portico,  and  from  the  description  seems  to 
have  been  nmilar  in  style. 

54.  PkaxkiaM  ArehiUdure,  —  That  part  of  the  great  nation  of  Asia  which  settled  on  the 
coasts  of  Fslestine,  called  in  scripture  Canaanites,  or  merchants,  were  afterwards  by  the 
Greeks  called  Fhcenicians.  iSdon  was  originally  their  capital,  and  Tyre,  which  after- 
wards became  greater  than  the  parent  itself  was  at  first  only  a  colony.  From  what  we 
have  said  in  a  previous  section  on  the  walls  of  Mycene,  it  may  be  fairly  presumed  that  their 
architecture  partook  of  the  Cyclopean  style ;  but  that  it  was  much  more  highly  decorated 
b  extremely  probable  from  the  wealth  of  a  people  whose  merchants  were  princes,  and  whose 
traffickers  were  the  honourable  of  the  eartb.  Besides  the  verses  of  Euripides,  which  point 
to  the  style  of  Phoenician  architecture,  we  have  the  authority  of  Lucian  for  asserting  that 
it  was  E^ptian  in  character.  Unfortunately  all  is  surmise  ;  no  monuments  of  Phoenician 
architecture  exist,  and  we  therefore  think  it  useless  to  dwell  longer  on  the  subject. 


SXCT.  VI. 
INDIAN    ARCHTTICTUaX. 

55.  Whence  the  countries  of  India  derived  their  architecture  is  a  question  that  has  occupied 
abler  pens  than  that  which  we  wield,  and  a  long  period  has  not  passed  away  since  the  im« 
presason  on  our  own  mind  was,  that  the  monuments  of  India  were  not  so  old  as  those  of 
Egypt.  Upon  maturer  reflection,  we  are  not  sure  that  impression  was  fidse ;  but  if  the  arts  of 
a  country  do  not  change,  if  the  manners  and  habits  of  the  people  have  not  varied,  the  adnus- 
sion  of  the  want  of  high  antiquity  of  the  monuments  actually  in  existence 
will  not  settle  the  point.  The  capitals  and  columns  about  Persepolis  have 
a.  remarkable  similarity  to  some  of  the  Hindoo  examples,  and  seem  to 
indicate  a  common  origin ;  indeed,  it  is  our  opinion,  and  one  which  we 
have  not  adopted  without  considerable  hesitation,  that  though  the  existing 
buildings  of  India  be  comparatively  modem,  they  are  in  a  style  older  than 
that  of  the  time  of  their  erection.  Sir  William  Jones,  whose  opinion  seems 
to  have  been  that  the  Indian  temples  and  edifices  are  not  of  the  highest 
antiquity,  says  (3rd  Discourse),  **  that  they  prove  an  early  connection  be- 
tween India  and  Africa.  The  pyramids  of  Egypt,  the  colossal  statues  de- 
scribed by  Pausanias  and  others,  the  Sphinx  and  the  Hermes  Canis  (which 
last  bears  a  great  resemblance  to  the  Var^iivatir,  or  the  incarnation  of 
Vishnu  in  the  form  of  a  boar),  indicate  the  style  and  mythology  of  the 
same  indefatigable  workmen  who  formed  the  vast  excavations  of  Canarah, 
the  various  temples  and  images  of  Buddha,  and  the  idols  which  are  con- 
tinually dug  up  at  GayA  or  in  its  vicinity.  The  letters  on  many  of  these 
monuments  appear,  as  I  have  befofe  intimated,  partly  of  Indian  and  partly 
of  Abyssinian  or  Ethiopic  origin ;  and  all  these  indubitable  facts  may  in- 
duce no  ill-grounded  opinion  that  Ethiopia  and  Hindustan  were  peopled 
T\^Xk.  A  muimv  or  or  colonised  by  the  same  extraordinary  race.**  In  a  previous  page  {fig*  S7. ), 
Twa  mmA  wm*A.  ^y^^  reader  will  find  a  Persepolitan  column  and  capital ;  we  place  before 
him,  in  fig.  35.,  an  example  from  the  Indra  Subba  which  much  resembles  it  in  detail,  and 
at  the  Nerta  Chabei  at  Chillambaram  are  very  similar  examples.  Between  the  styles  of 
Persepolis  and  Egypt  a  resemblance  will  be  hereafter  traced,  and  to  such  an  extent,  that 
there  seems  no  reasonable  doubt  of  a  common  origin.  The  monuments  of  India  may 
be  divided  into  two  classes,  the  excavated  and  constructed :  the  former  being  that  where  a 
building  has  been  hollowed,  or,  as  it  were,  quarried  out  of  the  rock ;  the  latter,  that  built 
of  separate  and  different  sorts  of  materials,  upon  a  regular  plan,  as  may  be  seen  in  those 
buildings  improperly  called  pagodas,  which  ornament  the  enclosures  of  the  sacred  edifices,  of 
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1  tbey  ar*  eomponcnt  puU.  Ths  cIub  fint  nameil  ««nu  to  1i» 
than  the  Ivt,  from  the  appvent  diffisulty  of  eiccullon  ;  but  on  ti- 
re that  they  ought  to  create  more  aitonuhment  than  the  conslmcted  tcm) 


o  DmB{tl(Atia 
56.  Themonumentsirhi 
out  of  rocki,  and  tho«  pn 


.),  they  are  liotlowed  in  hard 
I  belong  to  the  lint  olus  are  of  two  lorts; 
cnling  fbrmt  of  afy>annilj/ 


■pact  graiute, 
o  Kirts:  UIOK  actually  holloired 
-ucted  buildingi.  but  i"  ' 


n  of  Elephjinta  and 

will  im media tety  occur  : 
the  rornu  be  imporing  o 
well-formed  chainben  b 


Of  tl 


I ;  oi  the  laat.  the  seten  targe  pagodaa  of  Mavaliponrn 
reader  that  the  ihapinf;  of  tocfci  into  fbmu  impliei  art,  if 
arranged :  to,  if  the  hollowing  ■  rock  into  trell-arranged  and 
lucted  in  a  way  indicating  an  aci|uaintUK!e  with  architectural 
lat  a  want  of  taite  must  be  consequent  on  tbe  lint  urt  merely 
becauw  it  cannot  be  called  conitructiTe  architecture.  And  here  «e  munt  olMcrre,  that  we 
think  the  writer  in  the  Encydopidii  Mcthodlque  (art.  Arch.  Indienne)  &il>  in  1ii<  reasoning ; 
our  notion  being  limply  thU,  that  tafti  ma  reapecli  these  monuments,  if  they  are  wortliy  to 
be  ranked  ai  vorki  ■rf'art,  the  meant  by  which  they  were  produced  haie  nothing  to  do  witli 
the  question.  It  must,  howeter,  be  admitted,  that  what  the  architect  underBtanda  by  or- 
(lonnancc,  or  tbe  eompoaition  of  a  building,  and  tlie  pettier  arrangement  of  its  seTerml 
parts,  points  which  so  much  engaged  the  attention  of  the  Greeks  and  llomana,  will  not  be 
found  in  Indian  architecture  as  &r  as  our  acquaintance  with  it  eitenda.  Conjecture* 
infinite  might  be  placed  before  tbe  reader  on  the  antiquity  of  this  species  of  art,  but  they 
would  be  valueless,  no  eerlain  data,  of  which  we  are  aware,  eiisting  to  lead  him  in  the  right 
road  ;  and  we  must,  theretbre,  lie  content  with  enumerating  some  of  the  principal  works 
in  this  style.  The  eaTes  at  Ellora  conaiat  of  several  apartmenu  )  the  plan  of  that  called 
tile   Indra  Subba  (^g.  36.)  i*  here  gi«ett,  to  show  the  spenea  of  plan  which  tltCK  places 


The  group  of  temples 


INDIAN.  ST 

■I  nlcbratnl  eiCAtatrd  tcmiilc  a  thai  of  Elephants  (__fy.  38.),  near  BomlMj, 
of  whoae  interior  compoaition 
the  reader  may  obtain  a  bint 
idea  from  the  subjoined  re> 
pre«nUtion  (;%,.  39.)-  It  i« 
130  ft.  long,  no  ft.  wide,  and 
H^ft.  high.  The  ceiling  is 
flat,  and  is  apparently  aup- 
ported  by  four  ranki  of  co- 
lumns, about  9  ft.  high,  and 
of  a   balustrai    form.      TheM 


eolumna  themKlTci.    A  great 
portion    of  the  walls    is    co- 

^r,  in    high    retlEf,    and    distin. 

;  tlie   attributes   of  the   deities 


wbom  tbey  worshipped,  or  the  lUtions  of  the  heroes  whom  they  represented.  At  the 
end  of  tbe  eaTem  there  is  a  dark  reoesa,  about  90  ft.  square,  entered  by  fbur  doors,  each 
Banked  by  gigantic  figures.  "  Tbete  stupendous  works,"  says  Robertsan,  "  are  of  such  high 
sntiquity,  th^  M  the  natives  cannot,  either  from  history  or  tradition,  gire  any  information 
Jng  the  time  in  which  tbey  were  eieeuled,  they  unitenally  wcribe  the  fbnnation  of 


moitB  of  human  power  and  art  in  uiy  part  of  the  earth,  ii 
hare  been  fcrmed  in  that  stage  of  social  lile  where  men  eondnue  divided  into  small  tribes, 
mueeuatinned  to  tbe  eflbrti  of  persevering  industry."  Eicavstions  similar  to  tboae  we 
iBve  named  are  fbund  at  QuUinih,  in  the  Island  oT  Salaette,  near  Itomhsy.  In  these  there 
are  Ibiur  stories  of  galleries,  leading  in  all  to  three  hundred  apartments.  The  front  is 
brmcd  irj  cutting  away  one  side  of  the  rock.  The  principal  temple,  84  ft.  long,  and  40  ft. 
bniad,  is  entered  by  a  portico  of  columns.  The  roof  is  of  tbe  form  of  a  vault,  40  ft.  fhim 
tlie  ground  to  its  crown,  and  has  the  appearance  of  being  supported  by  thirty  pillars, 
octai^iniJ  in  plan,  whose  capitals  and  biua  are  Ibrmed  of  elephants,  tigers,  and  horses. 
The  walls  contain  cavities  for  lamps,  and  are  covered  with  sculptures  of  human  figures  of 
both  snea,  elephaots,  horses,  and  lion).  An  altar,  2T  ft.  high  and  90  ft.  in  diameter, 
stands  at  the  further  end,  and  over  it  is  a  dome  shaped  out  (^  the  rock.  Though  the 
snlpiures  in  these  caves  are  low  in  rank  compared  with  the  works  of  fireek  and  Etruiian 
anina,  yet  tbey  are  certainly  in  a  Kyle  superior  to  the  works  of  the  Egyptianii  and  we 
infer  from  them  a  favourable  opinion  of  the  state  of  the  arts  in  India  at  the  pcrioid  of  their 
farmation.  "  It  is  worthy  of  notice."  observes  the  historian  we  have  just  quoted,  "  that 
although  several  of  the  figures  in  the  caverns  at  Elephanla  be  so  different  from  those 
DOW    exhibited  in   the  pagodas  as  objects  of  veneration,  that  some  learned    Europeniw 
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religion  more  ancient  ttaui  that  now  cita- 
I  Hindoitin  ;  yet  b;  the  Hindoo*  themselvei 
le  caverns  ore  coniidered  u  halloved  placet  of  their 
■rn  wonhip.  and  they  ilill  resort  tliither  to  perform 
leir  derations,  and  honour  the  figure*  there,  in  (he 
line  manner  with  thote  in  their  ovn  pagodna."  Mr. 
Iiuiter,  who  in  the  year  1784  TiHted  the  place,  eon- 
den  the  figures  there  as  repreaenting  deities  who 
re  rtill  objecli  of  worship  among  the  Hindooa.  One 
irounistance  juitifyjng  this  opinion  is.  that  sereral 
Ij  of  the  moit  conspicuous  personage*  la  the  groups  at 
I  Elephenta  are  decorated  with  the  leBnnr,  the  sacred 
string  or  cord  peculiar  to  the  order  of  Brshmiiu.  an 
authentic  evidence  of  the  distinction  of  caits  having 
been  e*tabliihed  in  India  at  the  time  when  these 
works  were  liniahed. 

58,    The  structure   of   the    earliest    Indian    tem- 
ple* wa«  eitremely  limple.      Pyramidal,  and  of  large 
-     1  no  light  but  that  whit '      ' 

d  ne»  of  such  a  mansion  sacred.  Tlieie  are  ruins  of 
jT]  this  sort  at  Deogur  and  at  a  spot  near  Tai^jore,  In 
m  the  Camatic-  In  proportion,  however,  to  the  pro- 
la  greas  of  the  country  in  opulence  and  refinement,  their 
;  sacred  huildingi  became  highly  ornamented,  and  must 
I  be  conndercd  as  monuments  exhibiting  a  high  de- 
'■  gree  of  ciTilitation  of  the  people  by  whom  tliey  were 
:  erected.  Very  highly  finished  pagodas,  of  great  ait- 
i  tiquity,  are  found  in  dlfiercnt  parts  of  Ilindostan,  and 
:  paitieularly  in  its  southern  districts,  where  tbcy  were 
ru  m  run  »  cmEiiHuau  ~  ""'  •"''j^ctcd  to  the  deslrucliTe  lury  <^  Mahometan 

leal.  To  assist  the  reader  in  farming  a  notion  of  the 
■lyle  of  the  architeeture  vbereoT  we  are  treating,  ve  here  place  before  him  a  diagram  (^.40. ) 
of  part  ofthe  pagoda  at  Cbillambaram,  near  Porto  Novo,  on  the  Coro- 
/  mandel  coast ;  one  which  is,  on  account  oT  its  aniiijuity,  held  in  great 
Teneratioo.  Themonument  would  be  perhaps  more  properly  described 
M  a  cluster  of  pagoda*,  enclosed  in  a  rectangular  space  1S39  ft.  in 
length,  and  93G  ft.  in  width,  whose  walls  are  SO  ft.  in  height,  atvd 
T  ft.  in  thickness,  each  side  being  provided  with  a  highly  deco- 
rated fruatum  of  a  pyramid  over  an  entrance  gateway.  The  large 
eoclosuTe  is  subdiiidM  into  four  subordinate  ones,  whereof  the  cen- 
ti*l  one,  iurrounded  by  a  colonnade  and  steps,  contains  a  piscina 
or  baun  for  purification.  That  on  the  southern  side  forms  a  cloister 
endoung 

having  it  ... 

columns,  whose  roof  is  formed  by  large  bloc! 
is  a  square  court  with  a  temple  and  piscina,  to  which  is  given  the 
name  of  the  Stream  of  Eternal  Joy.  To  the  temple  is  attached 
a  portico  of  thirty-sii  columns,  in  four  parallel  ranks,  whose  cen- 
tral intereolumniation  is  twice  the  width  of  those  at  the  sides,  and 
in  the  centre,  on  a  platform,  is  ttw  atatue  of  the  Bull  Nundu.  It 
ia  lighted  arliAinally  with  lamps,  which  are  kept  conatanily  burn- 
ing, and  ii  much  decorated  with  sculpture,  llie  central  incloiure, 
on  its  eastern  side,  haa  a  temple  raised  on  a  platform,  in  length  S34 
ft.,  and  in  width  G4  ft.,  having  a  portico  in  ftont,  cooiuling  of  a  vast 
number  of  columni  .10  ft.  high ;  at  the  end  of  il  a  square  vestibule 
i*  sonstructed  with  four  portals,  one  whereof  in  the  middle  leads  to 
the  sanctuary,  named  Ntrta  Chabd,  or  Temple  of  Joy  and  Eternity, 
the  altar  being  al  tlie  end  of  It.  The  temple  is  much  decorated  with 
sculpture,  representing  the  divinities  of  India,  ITiepilastcr  fig.  41. 
is  placed  at  the  sides  ofthe  door  of  the  Nirla  Chabri,  and  is  eitremely 
curious;  but  the  most  singular  object  about  the  building  is  a  chain  of 

Fi».  IK  _rTij™_™ir..  granite  carved  out  of  the  rock,  attached  lo  the  pilasters,  and  supported 
al  four  other  points  in  the  face  of  the  rock  so  aa  to  form  fbstoon*. 

The  links  arc  about  3ft  long,  and  the  whole  length  of  Iheehain  is  146  ft.     The  pyramida 


tiinmii  irhicli  sUndaverlbeenlniKnorilie  uuUt  encloiure,  riiefroni  reetunguUr 
bMCs.  and  eoniist  of  wieral 
floon.  Tha  punga  through 
them  ii  lerel  with  tha  ground' 
59.  A  TCTj  baautifiil  ei- 
ampla  of  the  Indun  pagoda 
eiini  at  Taujora,  which  we 
here  inaert  (j^.  49.). 

SO.  Om  of  the  largeit  tem- 
ples known  ii  that  ontheamall 
iilaod  Seringhun,  near  Trichi- 
nopol;,  on  tha  Coromandel 
eouL  ItuaituataRboutaiiule 
from  the  weatern  eitremilT  of 
the  island,  and  uthuadcMnbed 
by  Sonnerat.  It  ia  compoaed 
of  KTen  aquara  enclomraa,  one 
»»»  IT  Tiusu.  within    the  other,    the  wall* 

re  95  ft.  high,  and  4  ft.  thick.      These  encloiurea  are  SSO  ft.  distant  from  ona  an- 
I  other,  and  each  has  four  large  gates  with  a  high 

' —1-^-1.  — ,  pi„^_  one  in  the  middle  of 

ocliHure,  and  oppoait*  to  the  fbur 
cardinal  points.      The  outward  wall  it  near  four 
ies  in  circumference,  and  its  gateway  |o  the  south 
ornamented  with  pillars,  seferal  of  which  are 
aple   stones,  S3  ft.  long,  and  nearly    5  ft.    in 
imeler ;  and  Ihoae  which  ibrm  the  roof  ar*  Mill 
ger.       In   the  inmost  incloaurn  are  the  cba- 
I  pels.      About  half  B  mile  to  the  east  of  Sering- 
1  ham,  and  Dearer  to  the  river   CsTeri  than    the 
I  Coleroon,  is  another  large  pagoda,  called  Jembi- 
■"" —    ""  "  this  has  only   one  eneloaure.      The 
leration  in  which  Seringham  it  held 
a  belief  that  it  eontuns  that  identical 
image  of  the  god  Vishnu  which  used  to  be  wor- 
shipped by  Brahma. 

61.  We  shall  conclude  this  section  with  some 
olHerTstions  on  Tchoultry  (or  Jun)  at  Madnrah 
IJIg.  43.).  Its  effect  is  quite  theatrical,  and  its 
I  perfectsymmetry  gives  it  theappearance  ofa  work 
of  great  art,  and  of  greater  tkill  in  compoutim 
than  most  other  Indian  works.   Yet  an  examination 

9  of  the  details,  and  particularly  of  the  system  of 
corbelling  orer,  destroys  the  charm  which  a  first 
eates.      In  it,  the  omamenti  which 

1  more  the  work  of  chance  than  of 
We  hereii 


of  Iba  Umpleat  this  place  (Jig.  44.).     The  eneolial  diflerences  between  Indian  i 
•■-n  architecture,  in  i 


with  the  aculpture  applied  to 
them,  hsTC  been  well  given 
in  the  EneyeJitp^die  MiAodiqite, 
and  ve  shall  here  subjoin  them. 
In  Egypt,  the  principal  forma 
of  the  building  and  its  parts 
preponderate,  inasmuch  as  the 
hieroglyph ica  with  which  they 
are  covered  never  interfere 
with  the  genera]  forms,  nor  in- 
jure the  effect  of  the  whole  ;  in 
India,  the  principal  form  is 
I  lost  in  the  omaments  which 
&  divide  and  decompose  it.  In 
I  ^ETPti  that  which  is  essential 
predomioatca  i  in  India,  you 
are  lost  in   the  multitude  of 
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occeworiea.  In  the  Egyptian  architecture,  even  the  smallest  edifices  are  grand  ;  in  that 
of  India,  the  infinite  subdivision  into  parts  gives  an  air  of  littleness  to  the  largest  build- 
ings. In  Egypt,  solidity  is  carried  to  the  extreme ;  in  India,  there  is  not  the  slightest 
appearance  of  it. 


SiCT.    VII. 
EOTFTIAN    AECHrrBCTOaE. 

62.  We  propose  to  consider  the  architecture  of  Egypt  —  First,  in  respect  of  the  physical, 
political,  and  moral  causes  which  affected  it.  Secondly,  in  respect  of  its  analysis  aiid  deve- 
lopment.    Thirdly,  and  lastly,  in  respect  of  the  taste,  style,  and  character  which  it  exhibits. 

63.  I.  In  our  introduction,  we  have  alluded  to  the  three  states  of  life  which  even  in 
the  present  day  distinguish  different  nations  of  the  earth  —  hunters,  shepherds,  and  agri- 
culturists ;  in  the  second  class  whereof  are  included  those  whose  subsistence  is  on  the  pro- 
duce of  the  waters,  which  was  most  probably  the  principal  food  of  the  earliest  inhabitants 
of  Egypt.  Seated  on  the  banks  of  a  river  whose  name  almost  implies  fertility,  they  would 
have  been  able  to  live  on  the  supply  it  afforded  for  a  long  period  before  it  was  necessary  to 
resort  to  the  labours  of  agriculture.  In  such  a  state  of  existence  nothing  appears  more  pro- 
bable than  that  they  should  have  availed  themselves  of  the  most  obvious  shelter  which  nature 
afforded  against  the  extremes  of  heat  and  cold,  namely,  the  cavern  ;  which,  consisting  of  tufo 
and  a  species  of  white  soft  stone,  was  easily  enlarged  or  formed  to  meet  their  wants.  Certain 
it  is»  that  at  a  very  early  period  the  Egyptians  were  extremely  skilful  in  working  stone,  an 
art  which  at  a  later  time  they  carried  to  a  perfection  which  has  never  been  surpassed.  As 
the  Tyrians,  Sidonians,  and  other  inhabitants  of  Palestine  were,  owing  to  Uie  material 
which  their  cedar  forests  afforded,  dexterous  in  joinery,  so  the  Egyptians  received  an  im- 
pulse in  the  style  of  their  works  from  an  abundance  of  the  stone  of  all  sorts  which  their 
quarries  produced.  Subterranean  apartments,  it  will  be  said,  are  found  in  other  countries ; 
but  they  will  mostly,  India  excepted,  be  found  to  be  the  remains  of  abandoned  quarrries, 
exhibiting  no  traces  of  architecture,  nor  places  for  dwelling.  Egypt,  on  the  contrary,  from 
time  immemorial,  was  accustomed  to  hollow  out  rocks  for  habitation.  Pliny  (lib.  xxxvi. 
c.  1 9. )  tells  us,  that  the  great  Labyrinth  consisted  of  immense  excavations  of  this  sort. 
Such  were  the  subterranean  chambers  of  Biban  el  Melook,  those  which  have  in  the 
present  day  received  the  name  of  the  Labyrinth,  and  many  others,  which  were  not  likely  to 
have  been  tombs.  When  the  finished  and  later  monuments  of  a  people  resemble  their  first 
essays,  it  is  easy  to  recognise  the  influential  causes  from  which  they  result.  Thus,  in 
Egyptian  architecture,  every  thing  points  to  its  origin.  Its  simplicity,  not  to  say  monotony, 
its  extreme  solidity,  almost  heaviness,  form  its  principal  characters.  Then  the  want  of 
profile  and  paucity  of  members,  the  small  projection  of  its  mouldings,  the  absence  of  aper- 
tures, the  enormous  diameter  of  the  columns  employed,  much  resembling  the  pillars  left  in 
quarries  for  support,  the  pyramidal  form  of  the  doors,  the  omisnon  of  roofs  and  pediments, 
the  ignorance  of  the  arch  (which  we  believe  to  have  l>een  unknown,  though  we  are  aware 
that  a  late  traveller  of  great  intelligence  is  of  a  different  opinion), — all  enable  us  to  recur  to 
the  type  with  which  we  have  set  out.  If  we  pursue  this  investigation,  we  do  pot  discover 
timber  as  an  element  in  Egyptian  compositions,  whilst  in  Grecian  architecture,  the  types 
certainly  do  point  to  that  material.  It  is  not  necessary  to  inquire  whether  the  people  had 
or  had  not  tents  or  houses  in  which  timber  was  used  for  beams  or  for  support,  since  the 
character  of  their  architecture  is  specially  influenced  by  the  exclusive  use  of  stone  as  a 
material ;  and  however  the  form  of  some  of  their  columns  may  not  seem  to  bear  out  the 
hypothesis  (such,  for  instance,  as  are  shaped  into  bundles  of  reeds  with  Imitations  of 
plants  in  the  capitals),  all  the  upper  parts  are  constructed  vrithout  reference  to  any  other 
tlum  stone  construction.  It  is,  moreover,  well  known  that  Egypt  was  extremely  bare  of 
wood,  and  especially  of  such  as  was  suited  for  building. 

64.  The  climate  of  Egypt  was,  doubtless,  one  great  cause  of  the  subterranean  style,  as  it 
must  be  in  the  original  architecture  of  every  nation.  Materials  so  well  adapted  to  the 
construction  it  indu^,  furnishing  supports  incapalile  of  being  crushed,  and  single  blocks 
of  stone  which  dispensed  with  all  carpentry  in  roofs  or  coverings,  a  purity  of  air  and  even- 
ness of  temperature  which  admitted  the  greatest  simplicity  of  construction  from  the  absence 
of  all  necessity  to  provide  against  the  inclemency  of  seasons,  and  which  permitted  the  in- 
scription of  hier<^lyphic8  even  on  soft  stone  without  the  fear  of  their  disappearance, all 

these  concurred  in  forming  the  character  of  their  stupendous  edifices,  and  stimulated  them 
in  the  development  of  the  art. 

65.  The  monarchical  government,  certainly  the  most  fifivourable  to  the  construction  of 
great  monuments,  appears  to  have  existed  in  Egypt  from  time  immemorial.     I1ie  most 
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important  edifices  with  wbich  liistory  or  their  ruins  have  made  us  acquainted,  were  raised 
under  monarchies ;  and  we  scarcely  need  cite  any  other  than  the  ruins  of  Peraepolis,  of 
which  an  account  is  given  in  a  previous  section,  to  prove  the  assertion :  these,  in  point  of 
extent,  exceed  all  that  £gypt  or  Greece  produced.  Indeed,  the  latter  nation  sought  beauty 
of  ibrm  rather  than  immense  edifices ;  and  Rome,  until  its  citizens  equalled  kings  in  their 
wealth,  had  no  monuments  worthy  to  be  remembered  by  the  historian,  or  transmitted  as 
models  to  the  artist. 

66.  Not  the  least  important  of  the  causes  that  combined  in  the  erection  of  their  monu- 
noents  was  the  extraordinary  population  of  Egypt :  and  though  we  may  not  perhaps  entirely 
rely  on  the  wonderful  number  of  twenty  thousand  cities,  wliich  old  historians  luive  said 
were  seated  within  its  boundaries,  it  is  past  question  that  the  country  was  fiivourable  to  the 
rearing  and  maintenance  of  an  immense  population.  As  in  China  at  the  present  day,  there 
appears  in  E^gypt  to  have  been  a  redundant  population,  which  was  doubtless  employed  in 
the  public  works  of  the  country,  in  which  tlie  workman  received  no  other  remuneration 
than  hislbod. 

67.  The  Egyptian  monarchs  appear  to  have  gratified  their  ambition  as  much  in  the  pro- 
vision for  their  own  reception  after  this  life  as  during  their  continuance  in  it.  If  we  except  the 
Memnonium,  and  what  is  called  the  Labyrinth  at  Memphis,  temples  and  tombs  are  all  that 
remain  of  their  architectural  works.  Diodorus  says,  that  the  kings  of  Egypt  spent  those 
enormous  sums  on  their  sepulchres  which  other  kings  expend  on  palaces.  They  considered 
that  the  frailty  of  the  body  during  life  ought  not  to  be  provided  with  more  than  necessary  pro- 
tection from  the  seasons,  and  that  the  palace  was  nothing  more  than  an  inn,  which  at  their 
death  the  successor  would  in  his  turn  inhabit,  but  that  the  tomb  was  their  eternal  dwell- 
ing, and  sacred  to  themselves  alone.  Hence  they  spared  no  expense  in  erecting  indestruc- 
tible edifices  for  their  reception  after  death.  Against  the  violation  of  the  tomb  it  seems 
to  have  been  a  great  object  with  them  to  provide,  and  doubts  have  existed  on  the  minds  of 
some  whether  the  body  was,  after  all,  deposited  in  tiie  pyramids,  which  have  been  thought 
to  be  enormous  cenotaphs,  and  that  the  body  was  in  some  subterraneous  and  neighbouring 
spoC  Other  writers  pretend  that  the  pyramids  were  not  tombs,  assigning  to  them  certain 
mystic  or  astronomical  destinations.  There  are,  however,  too  many  circumstances  contra- 
dictory of  such  an  assumption  to  allow  us  to  give  it  the  least  credit ;  and  there  is  littie  im- 
propriety in  calling  them  sepulchral  monuments,  whether  or  not  the  bodies  of  the  monarchs 
were  ever  deporited  in  them.  The  religion  of  Egypt,  though  not  so  fruitful,  perhaps,  as 
that  of  Greece  in  the  production  of  a  great  numlier  of  temples,  did  not  fiiil  to  engender  an 
abundant  supply.  The  priesthood  was  powerftil  and  the  rites  unchangeable  :  a  mysterious 
authority  prcvwled  in  its  ceremonies  and  outward  forms.  The  temples  of  the  country  are 
impressed  with  mystery,  on  which  the  religion  was  based.  Here,  indeed,  Secresy  was  deified 
in  the  person  of  Harpocrates ;  and,  according  to  Plutarch  (  De  /side),  the  sphinx,  which  deco- 
rated the  entrances  of  their  temples,  signified  that  mystei7  and  emblem  were  engraftctd  on 
their  theolc^y.  Numerous  doors  closed  the  succession  of  apartments  in  the  temples,  leaving 
the  holy  place  itself  to  be  seen  only  at  a  great  distance.  This  was  of  little  extent,  con- 
taining merely  a  liring  idol,  or  the  representation  of  one.  The  larger  portion  cyf  the 
temple  was  laid  out  for  the  reception  of  the  priests,  and  disposed  in  galleries,  porticoes,  and 
vestibules.  With  few  and  unimportant  variations,  the  greatest  similarity  and  uniformity  is 
observable  in  their  temples,  in  plan,  in  elevation,  and  in  general  form,  as  well  as  in  the 
details  of  their  ornaments.  In  no  country  was  the  connection  between  religion  and 
arebitccture  closer  than  in  Egypt,  and  as  the  conceptions  and  execution  in  architecture  are 
dependent  on  the  other  arts,  we  will  here  briefly  examine  the  influence  which  the  religion 
of  the  country  had  upon  them. 

68.  Painting  and  sculpture  are  not  only  intimately  connected  with  architecture  through  the 
embeDiahments  they  are  capable  of  aflbrding  to  it,  but  are  handmaids  at  her  service  in  what 
depends  upon  taste,  upon  the  principles  of  beauty,  upon  the  laws  of  proportion,  upon  the  pre- 
servation of  character,  and  in  various  other  respects.  Nature,  in  one  sense,  is  the  model  upon 
which  architecture  is  founded ;  not  as  a  subject  of  imitation,  but  as  presenting  for  imitation 
principles  of  the  harmony,  proportion,  efiTect,  and  beauty,  for  which  the  arts  generally  are 
indebted  to  nature.  We  think  it  was  Madame  de  Stael  who  said  that  architecture  was 
frozen  musie.  Now,  though  in  architecture,  as  in  the  other  arts,  there  b  no  senrible  imi- 
tati<m  of  nature,  yet  by  a  study  of  her  mode  of  operating,  it  may  be  tempered  and  modified 
so  as  to  give  it  the  power  of  language  and  the  sublimity  of  poetry.  In  respect  of  the  con- 
nection of  the  art  with  sculpture,  littie  need  be  said  :  in  a  material  light,  architecture  is  but 
a  sculptured  production,  and  its  beauty  in  every  country  is  in  an  exact  ratio  with  the  skill 
which  is  exhibited  in  the  use  of  the  chisel.  Facts,  however,  which  are  worth  more  than 
arguments,  prove  that  as  is  the  state  of  architecture  in  a  country,  so  is  that  of  the  other  arts. 
Two  things  prevented  the  arts  of  imitation  being  carried  beyond  a  certain  point  in  the  country 
under  our  consideration ;  the  first  was  political,  the  other  religious.  The  first  essays  of 
art  are  subjects  of  veneration  in  all  societies ;  and  when,  as  in  Egypt,  all  change  was  for- 
bidden, and  a  constant  and  inviolable  respect  was  entertained  for  that  which  had  existed  be- 
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fore,  when  all  its  institutions  tended  to  preserve  social  order  as  established,  and  to  discourage 
Olid  forbid  all  innovation,  the  duration  of  a  style  was  doomed  to  become  eternal.  Religion, 
however,  alone,  was  capable  of  effecting  the  same  object,  and  of  restraining  within  oertun 
bounds  the  imitative  faculty,  by  the  preservation  of  types  and  primitive  conventional  signs 
for  the  hierofflyphic  language,  which,  from  the  sacred  purposes  for  which  it  was  employed, 
soon  acquired  an  authority  from  which  no  individual  would  dare  to  deviate  by  an  improve- 
ment of  the  forms  under  which  it  had  appeared.  Plato  observes,  that  no  change  took 
place  in  painting  among  the  Egyptians ;  but  that  it  was  the  same,  neither  better  nor  worse, 
than  it  had  been  ages  before  his  time.  2icor«y  8*  t^fnia-tts  €uno$t  ra  ftvputarop  erof  ytypofi- 
fitvUf  II  rmnrvfuva  {ovx  &s  trot  €iirtiy  fivpioaroy,  o^A*  ovrms)  rwf  vw  Mti/uovpyrifutm¥  ovrc 
ri  KoWtova,  ovT*  aiox^t  ''^^  tamiv  8«  rtxyvv  earttpyafffuya,  —  De  L^films,  lib.  ii. 

69.  Uniformity  of  plan  characterises  all  their  works ;  they  never  deviated  from  the  right 
line  and  square.  '*  Lea  Egyptiens,"  observes  M.  Caylus  *'  ne  nous  ont  laisse  aucun  monu- 
ment public  dont  Televation  ait  ete  circulaire.*'  The  tmiformity  of  their  elevations  is  still 
more  striking.  Neither  division  of  parts,  contrast,  nor  effect  is  visible.  All  this  necessarily 
resulted  from  the  political  and  religious  institutions  whereof  we  have  been  speaking. 

70.  II.  In  analysing  the  architecture  of  Egypt,  three  points  offer  themselves  for  consideiw 
ation,  —  construction,  form,  and  decoration.  In  cowsTRtTcrioN,  if  solidity  be  a  merit,  no 
nation  has  equalled  them.  Notwithstanding  the  continued  effect  of  time  upon  the  edifices 
of  the  country,  they  still  seem  calculated  for  a  duration  equally  long  as  that  of  the  globe 
itself.  The  materials  employed  upon  them  were  well  adapted  to  insure  a  defiance  of  all 
that  age  could  effect  against  them.  The  most  abundant  material  is  what  the  ancients 
called  the  Thebaic  granite.  Large  quarries  of  it  were  seated  near  the  Nile  in  Upper 
Egypt,  between  the  first  cataract  and  the  town  of  Assouan,  now  Syene.  The  whole  of  the 
country  to  the  east,  tiie  islands,  and  the  bed  of  the  Nile  itself,  are  of  this  red  granite, 
whereof  were  formed  the  obelisks,  colossal  statues,  and  columns  of  their  temples.  Blocks 
of  dimensions  surprisingly  large  were  obtained  from  these  quarries.  Basalt,  marble,  five- 
stone,,  and  alabaster  were  found  I>eyond  all  limit  compared  with  the  purposes  for  which  they 
were  wanted. 

71.  We  have  already  observed,  that  Egypt  was  deficient  in  timber,  and  especially  that  sort 
proper  for  building.  There  are  some  forests  of  palm  trees  on  the  Lybian  side,  near 
Dendera  (Tentyris)  ;  but  the  soil  is  little  suited  to  the  growth  of  timber.  Next  in  quantity 
to  tlie  palm  is  the  acacia ;  the  olive  is  rare.  With  the  exception  of  the  palm  tree,  tliere  is 
none  suited  for  architectural  use.  The  oak  is  not  to  be  found ;  and  that,  as  well  as  the  fir 
which  tlie  present  inhabitants  use,  u  imported  from  Arabia.  Diodorus  says,  that  the  early 
inhabitants  used  canes  and  reeds  interwoven  and  plastered  with  mud  for  theb  huts ;  but  he 
confines  this  practice  to  the  country  away  from  towns,  in  which,  from  fitigments  that  have 
been  found,  we  mav  infer  that  brick  was  the  material  in  most  common  use. 

72.  Bricks  dried  in  the  sun  were  employed  even  on  large  monuments;  but  it  is  probable 
that  these  were  originally  fiiced  either  with  stone  or  granite.  The  pyramids  described  by 
Pocock,  called  Ktoube  el  Meuschich,are  composed  of  bricks,  some  of  which  are  13}  in.  long, 
6}  in.  wide,  and  4  in.  thick  ;  others  15  in.  long,  7  in.  wide,  and  4}  in.  thick.  They  are  not 
united  by  cement,  but  in  some  instances  cements  of  a  bituminous  nature  were  employed, 
and  in  others  a  mortar  composed  of  lime  or  plaster  and  sand,  of  which  it  would  seem  that 
the  second  was  exceedingly  powerful  as  well  as  durable. 

73.  The  Egyptians  arrived  at  the  highest  degree  of  skill  in  quarrying  and  working 
stone,  as  well  as  in  afterwards  giving  it  the  most  perfect  polish.  In  their  masonry  they 
placed  no  reliance  on  the  use  of  cramps,  but  rather  on  the  nice  adjustment  of  the  stones 
to  one  another,  on  the  avoidance  of  all  &lse  bearings,  and  the  nice  balance  of  all  over- 
hanging weight.  Of  their  mechanical  skill  the  reader  will  form  some  idea  by  reference 
to  volume  iii.  p.  328.  of  Wilkinson's  Mannert  and  Cnttoma  of  the  Ancient  Egyptianif  from 
a  representation  in  a  grotto  at  £1  Bersbeh.  A  colossus  on  a  sledge  is  therein  pulled  along 
by  172  men,  but  none  of  the  mechanical  powers  seem  to  be  called  in  to  their  assistance, 
'*  The  obelisks,*'  says  Mr.  Wilkinson,  **  transported  firom  the  quarries  of  Syene  to  Tliebes 
and  Heliopolis,  vary  in  sixe  from  70  to  93  ft.  in  length.  They  are  of  one  single  stone ;  and 
the  largest  in  Egypt,  which  is  that  at  the  great  temple  at  Kamak,  I  calculate  to  weigh 
about  297  tons.  This  was  brought  about  138  miles  from  the  quarry  to  where  it  now 
stands;  and  those  taken  to  Heliopolis  passed  over  a  space  of  800  miles."  Two  colossi 
(one  of  them  is  the  vocal  Memnon),  each  of  a  single  block  47  ft.  in  height,  and  contain- 
ing 1 1,500  cubic  feet,  are  carved  from  stone  not  known  within  several  days*  journey  of  the 
place;  and  at  the  Memnonium  is  a  colossal  statue,  which,  when  entire,  weighed  887 
tons.  We  consider,  however,  the  raising  of  the  obelisks  t,  far  greater  test  of  mechanical 
skill  than  the  transport  of  these  prodigious  weights ;  but  into  the  mode  they  adopted  we 
have  no  insight  from  any  representations  yet  discovered.  We  can  scarcely  suppose  that 
in  the  handling  of  the  weights  whereof  we  have  spoken,  they  were  unassisted  by  the  me- 
chanical powers,  although,  as  we  have  observed,  no  representations  to  warrant  the  coi\jecture 
h«ve  been  brought  to  light» 
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labour  bMtovtd  upon  tbetn  ;  but  u  vocka  of  the 
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■caObldL  Tlie  oldot  nuNiunieiila  of  Egypt  of 
which  se  bdov  kitc  ■  view,  tnd  ■  wction  of  that  of 
the  largeM,  called  of  Cheopi  (fy.  45. ),  tie  the  py- 
ramidi  mX  Giwh,  to  the  north  of  Mempliii.  Mr. 
Wllliiiuon  luppose*  them  to  have  been  etctted  b; 
Suphia  ud  Jeuiuphii  hit  hrother.  3120  yean  a.  c, 
that  ii.  prerioui  by  nearly  100  yean  to  the  entrance 
of  Joseph  into  Egypt ;  but  tlie  saniE  author  ad- 
mita  that,  previoui  to  the  reign  of  OsirtBHD, 
174Q  B.  c,  there  ia  nothing  to  guide  any  one 
with  certKinty  ai  to  dates.  The  edifice*  (fy. 
46.),  however,  more  commonly  known  by  the 
namei  of  Cheopa,  Cephrenea,  and  Mycerinus,  are 
tir  die  and  the  conaequcnt 
n  of  no  further  importance 
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Upon  the  top  thereof  ii  a  platform  33  fL  iquare,  consisting  of  nine  large  itonei,  each 
about  a  %oa  in  weight,  though  inferior  in  that  respect  to  othen  in  the  eiUlice,  which  vary 
from  5  ft  to  30  ft  b  length,  and  from  3  ft.  to  4  ft.  in  height.  From  this  platform  Dr. 
Clarke  saw  the  pyramids  of  Saceara  to  Che  south,  and  on  the  eaat  of  them  smaller  monu- 
uent*  of  the  same  kind  nearer  to  the  Nile.  He  remarked,  moreover,  an  appearance  of  ruin* 
which  nu^l  be  traced  the  whole  way  from  the  pyramid*  of  Giieh  to  those  of  Saccara,  as  if 
the  whole  had  once  eoutituted  one  great  city.  The  stones  of  the  platform  are  soft  lime- 
stotie^  a  litlla  harder  and  more  compact  than  what  in  England  is  called  cbmch.      The  pyra- 

ternally,  hut  no  appearance  of  mortar  can 
be  discerned  in  the  more  perfect  parts  of 
*        of  the  pymtnid 

north  front,  and 


f 


3  the 


entral    c 


a  on  the  preceding  section.  That 
...  ._e  pyrajnid  of  Cephrenea  (jfy.  47.) 
is  thus  described  by  Belioni :  —The  first 
passage  is  built  of  gianlle,  the  rest  are  cut 
out  of  the  natural  sandstone  rock  which 
rise*  above  the  level  of  the  basis  of  the 
pyramid.  This  pauage  is  104  ft.  long,  4  ft.  high,  and  3  ft.  6  in.  wide ;  descending  at  an 
angle  of  96  degrees  :  at  the  boHom  is  a  portcullis,  beyond  which  is  a  boriioiital  passage 
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of  the  Hine  hvight  ai  the  first,  and  at  the  distance  of  9S  ft.    it  deacends   in  a  diflcrent 
direction,  leading  to  some  passages  below.      Henee  it  re<4acenda  tovards  the  centre  of  the 
pyramid  by  a  gallery  94  ft.  long,  G  ft.  high,  and  ^  ft.  6  in.  wide,  leading  to  a  chamber  also 
cut  out  of  Ihe  solid  rock.      The  chamber  is  46  ft.  in  length,  16  feet  wide,  and  as  ft.  6.  in.  m 
height,  and  contained  a  sarcophagus  of  granilu  B  ft.  long,  3  ft.  6.  in.  wide,  and  2  ft.  3  in- 
deep  in  the  inside.     Returning  from  the  chamber  to  the  bottom  of  the  gallery  a  passage  d& 
scendsat  an  angleof  36  degrees  to  the  extent  of  4S  ft.  6  in,,  whenitUlies  a  huriiontal  diree- 
lion  far  ■  length  of  55  R. ;  it  then  again  aacends  at  the  same  angle  and  proceedi  to  the 
base  of  the  pyramid,  where  another  entrance   is  fbnned  from   the  out»de.      About  the 
middle  of  Ihe  hociiontal  passage  there  is  a  descent  into  another  chamber,  which  ii  32  ft. 
long,   10  ft.   wide,  and  8  ft.  6  lo.  high.      The  dimensions  of  this  pyramid,  as  given  by 
Denon,  are  a  base  of  655  ft.  and  a  height  of  398  ft.      Iliase  of  the  pyramid  of  Hyeerinua 
are  a  base  of  980  ft.,  and  a  height  of  163  ft.      The  pyramids  of  Saccara,  which  are  as  many 
as  twenty  in  number,  lary  in  form,  dimensions,  and  construction.      They  enteod  (iTe  miles  to 
the  north  and  soulh  of  the  village  of  Saccara.      Some  of  them  are  rounded  at  the  lop,  and 
resemble  hillocks  cased  with  stone.    One  is  constructed  with  stept  like  that  of  Cheops.    They 
are  sin  in  number,  each  Q5  ft.  high,  and  II  ft.  wide      The  height  of  one  in  the  group  is  ISOtL 
Anolher.  built  also  in  steps,  is  supposed  to  be  as  high  as  that  of  Cheops.    The  slonea  whereof 
they  are  composed  are  much  decayed,  and  more  crumbling  than  those  of  Giieb  ;  hence  they 
are   aon«dei^    older.       One  of  them   is   formed  of  unburat    bricks,   containing   sfaellx, 
gravel,  and  chopped  straw,  and  is  in  a  very  mouldering  stale.      About  300  paces  ftom  Ihe 
second  pyramid  stands  the  eitraordinary  gi- 
gantic statue  of  the  Sphinx  (Ju/.  48.),  whote 
length  from  the  fore-part  to  the  tul  has  been 
found    to    be    125  ft.      Belioni  cleu«d  away 
I  found  a  temple  held  between 
another   in    one    of   its  pairs, 
I    Denon,    the   antiquity    of  the 
Egyptian  templea  may  be  comparaLively  deter- 
mined fivm  their  siie )  the  larger  onea  being 
potlerior  to  the  smaller.      Since,  howerer,  the 
wonderiiiL  insight  we  have  obtained  into  the 
meaning  of  the  hieroglyphics,  more  accurate 
i  information  than  we  before  possessed  may  be 
gained  on  thai  point  by  reference  to  Mr.  (now 
^  *..  ™. «,,«.  Sir  Gardiner)  Wilkinson's  work.  onEgypt  and 

Thetwa,  A  spirit  of  simplicity,  grandeur,  and 
solidity  reigns  through  the  whole  oflhem,  and  every  precaution  seems  to  have  been  taken 
to  render  them  eternal.  The  walls  by  which  they  arc  cnctoaed  are  found  sometimes  26  ft,  in 
thickness,  and  those  of  the  entrance  gate  of  a  temple  at  Thebes  are  as  much  as  53  fL  thick 
at  (heir  base,  and  arc  compoted  of  blocks  of  enormous  use.  The  masonry  employed  is  that 
called  b^  the  Creeks  cmplectum  (n^w\tirroy),  all  filling  in  of  an  inferior  or  rubble  work 
being  discarded.  They  are  masses  of  nicely  squared  and  fitted  stones,  and  are  built  exter- 
nally with  a  slope  like  the  walls  of  a  modern  fortification.  The  columns  are  absolutely 
necessary  for  the  support  oT  the  ceilings,  whicb  connst  of  large  blocks  of  stone,  and  are 
thercfbie  of  few  diameters  in  height.  Sometimes  they  are  in  a  single  piece,  as  at  Thebes 
and  Tentyris.  Tlte  stones  of  which  the  ceilings  are  composed  are  usually,  according  to 
Fococke,  14  ft,  long,  and  51  ft.  in  breadth,  but  some  run  much  larger. 

TS.   Before  adverting  to  the  form  and  dispoution  of  the  Egyptian  temple,  we  think  il  here 
necessary  to  notice  the  recent  discovery  of  an  arch  in  a  tomb  at  Saccara,  sud  to  be  of  the 

pyramid.  (See  WUkixKm't  CufaMu  oflht  Aaeititi  BgyptioJu,  vol.  iii.  p.  S63.  331.)  That 
exhibited  in  the  tomb  of  Saccara,  from  the  vignette  given,  is  clearly  nothing  but  a  lining  of 
the  rock,  and  is,  if  truly  represented  in  the  plate,  incapable  of  bearing  weight,  which  is  the 
office  of  an  arch.  Thai,  however,  at  Thebes,  to  which  Mr,  W.  assigns  the  date  of  1500 
B,e.,  with  every  reaped  for  his  great  information  on  the  subject,  and  with  much  deference 
to  his  judgment,  not  having  ourselves  seen  it,  we  cannot  easily  believe  to  be  of  such  anti- 
quity. Tts  appearance  is  so  truly  Homaix,  that  we  must  be  permitted  lo  doubt  tbe  truth  of 
his  GOi^ieoture.  We  are,  moreover,  fortified  in  the  opinion  we  entertain  by  the  principles 
on  which  the  style  of  Egyptian  architecture  is  founded,  which  are  totally  at  irariance  wiih 
(he  use  of  the  arch.  We  have  ventured  lo  transfer  this  ( jfj.  49.)  lo  our  pages,  that  the 
reader  may  form  a  judgment  on  the  subject,  as  well  as  ourselves.  We  will  only  add,  that 
the  reasons  assigned  by  Mr.  W.  for  Ihe  Egyptians  not  preferring  such  a  mode  of  con- 
struction as  Ihe  arch,  because  ot  the  difficulty  of  repurlng  it  when  injured,  and  the  con- 
sequences attending  ihe  decay  of  a  single  block,  are  not  of  any  weight  with  us,  bcouse, 
practically,  there  is  on  easy  mode  of  accomplishing  such  repair.  And,  again,  the  argu- 
ment that  the  supcrinciimlKnt  weight  applied  to  an  arch  in  such  a  case  as  Ihal  before 
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nple  icem  to  have  been 
nmutable  rules.  The  onlji 
1  they  differ  from  one  an- 
le  number  of  their  aubdivi- 


of  ponicoe*,  court*.  Te^bulea,  galleries, 


whose  whole,  taken  in  at  a  lingle  gjince, 
could  be  measured  trom  any  one  of  Iti 
parts  ;  those  of  Egypt  irere  an  lusemblsge 
apajtmenta,  communicating  with  each  other,  and 
7lh  book,  thus  dcftcribes  the  temples  in  question. 
' "  At  tbe  entrance  of  the  consecrated  spot  the  ground  ii  paved  to  the  width  of  100  ft. 
(vXiSfw)  or  less,  and  in  length  three  or  four  times  its  width,  and  in  some  places  even  more. 
Thia  ii  called  the  court  {tpBiiti,  course)  ;  thus  Callimacbus  uses  the  word*  — 

Throughout  the  whole  lei^  beyond  this  on  each  *ide  of  the  width,  are  placed  iphinxes  of 
itone,  90  cobiti  or  more  djatant  flrom  one  another,  one  row  being  on  the  right,  and  the  other 
on  tbe  leA.  Beyond  the  cphinies  is  a  great  vertibule  (rpowAn-),  then  a  further  oner  and 
beyond  this  anothei.  The  Dumber,  however,  of  the  sphinxes,  as  of  the  vestibule*,  is  not 
always  tbe  same,  but  varies  according  to  tbe  length  and  breadth  of  the  course.  Beyond 
the  veatibulea  (-rfKnrvAoia)  is  the  temple  ^vimi"),  having 
a  very  large  porch  (irporooi),  which  is  worthy  to  be 
recorded.  The  chapel  (inicDt)  is  small,  and  without 
a  statue  ;  or,  if  there  be  one,  it  is  not  of  human  form, 
but  Ibat  of  some  beasL  The  porch  on  each  side  hai 
•  wing  (irrtpa)  ;  these  consist  of  two  walls  as  high  as 
the  temple  itself,  distant  ttora  each  other  at  the  bottom 
a  little  more  than  tbe  width  of  the  foundations  of  the 
temple,  then  they  incline  toward*  each  other,  riung  to 
the  hdght  of  50  or  60  cubits.  Theie  walla  are 
sculptured  with  large  figure*,  nmilai  to  those  which 
are  to  be  seen  in  the  works  of  the  Etruacao*  and 
ancient  Greeks. "  This  account  is  not  at  all  eaaggci. 
ated,  as  we  sball  immediately  show  bv  the  introduction 
in  this  place  of  the  plan,  section,  and  elevation  of  tbe 
celebrated  temple  at  Apollonopolls  Magna,  between 
Thebes  and  the  lirst  cataract,  which,  though,  aa  we 
learn  from  the  deciphering  in  these  days,  titt  biero- 
gljphics  upon  it  are  not  of  the  time  of  the  Pharaoh*, 
•eema  admirably  calculated  to  give  the  reader  almost 
all  the  information  neceaaary  for  undentanding  the 
nibjcct.  This  will,  moreover,  so  much  more  fblly 
eiplain  it  than  words,  that  we  shall  not  need  to  do  move 
than  afterwards  come  to  some  recital  of  tbe  details. 

TT.    This  edifice,  seated  near  Edfbu,  about  twenty 
miles  south  of  Thebes,  is  one  of  the  largest  in  Egypt, 
and  is  comnaralively  in  good  preservation.      It*  form  ia 
ti  genial  dimensions  450  ft.  by  140  ft. 
"    \e  of  the  short  aides  ia  the 
ce.  which  consists  of  two  buildings,  each  100  ft. 

, I ^T*  long,  and  33  !t.  in  width  ;  both  pyramidal  in  fbrm,  and 

rif.  u.  •«■  uniiuii.HiLiiHFauiiiiiiai,  lying  in  the  same  direction,  but  separated  by  apaaaage 
SO  ft.  in  width,  witli  a  doorway  at  each  extremity.  This  passage  condui:ts  ui  to  a  qua- 
drangle 140  It  long,  and  190  ft.  wide,  flanked  by  twelve  columns  on  each  side,  and  eight 
more  on  the  entrance  side,  all  standing  a  few  feet  within  the  walls,  and  thus  forming  a  co- 
lonnade round  three  side*  covered  by  a  flat  roof.  A  view  of  a  portion  of  it  is  given  iafy.  54. 
At  tbe  fiirther  end  of  the  quadrangle  (which  rises  by  corded  steps)  oppoeite  to  the  eiw 
trance,  ia  a  portito  eilcnding  the  whole  breadth  of  the  quadrangle,  attd  45  ft  in  depth. 
It  haa  three  ranks  of  columns,  containing  six  in  each  rank,  is  covered  by  a  flat  roof;  b  45 
ft.  deep,  and  is  enclosed  by  walls  u    ""    ""    " 


I   rectangular,  and  iti 
(j%.50.)Inthe< 
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heing  open.  Thu  is,  hovever,  closed  bremat  high  by  ■  •|>eciei  o(  pedeiUli  half  iiucrMd 
in  the  columiu,  and  in  the  central  intercolumniatioo  a  dooriray  ii  eonitcucted  vith  pien, 
met  vhich  are  a  Hntel  and  cornice  out  through.  From  thii  portico  a  doorvay  leadi 
to  an  inner  leilibule.  in  which  are  three  ranka  oT  four  columm  each,  imaller  than  thow 
llm  dewribed,  but  diitributed  in  the  same  way.  Beyond  thi«,  in  Couain'a  plan,  am 
,  whereof  the  unaller   central   one  irai 


ice  between  the  earlier  and  later  apcci- 
I  we  have  hinted,  thii  ii  of  the  latter,  it 
will  convey  a  pretty  correct  know- 
ledge of  all.  The  general  appear- 
ance of  the  temple  it  giten  in  _fiff. 
53,,  and  a  view  of  the  interior  in 
fig.  54.  The  plan  of  the  Egyptian 
temple  is  always  uniform,  lymme- 
1   trlcal,  and  rectangutar.      Ita  most 

J  her  of  columni  employed,  in  which 
'  IB  displayed  a  prodigality  unap- 
pToacbed  by  any  othcrnation.  Thii, 
however,  was  induced  by  the  ne- 
ceesity  Ibr  employing  blocki  of  ilone 
for  the  ceilingii  or  rooli.  The 
greatest  irregularity  occurring  in  any 
ofthe  plans  known,  is  in  [hnt  at  tbe 
island  of  Philn  (see  _fy.  55. ).  and  it 
be  ground  on  vhich  it  is  placed.     'Rw  in- 

a  half  of  the  column. 


We  knovol 
riptcral  temples 


nilar  U 


which 


the  cell  U  surrounded  hy  ei 

In  the  elevations  of  those  of  Egypt, 

the    spirit   and    charactei  of  their 

architecture    is   more    particularly 

dcvoluped.      Itut  they  are  monotonous.     His  repetition  of  the  same  forms  is  carried  to 

the  utmost  pitch  of  tolerance.   The  pyramidal  form  prevaili  in  all  the  combinations,  whether 

in  walls,  doors,  general  masses,  or  details.     In  conudering  the  principal  parts  of  the  elevj 

tions,  the  first  ieature  that  presents  itself  is  the  column,  which  ve  '  ^" 

attendant  base  and  capital.     If  it  were  poEsible  to  cstabliih  a  system 

tion  and  subsequent  perfection,  we  might  easily  arrange  them  in  distini 

renwcts  their  decoration  ;  but  »  fiir  as  regards  gen«al  Ibm 

teduced  to  two  varieties,  tbe  circular  and  polygonal.      T)ie  nrsi  are  oi  two  sona.      oome 
are  Ibund  quite  plain  or  smooth,  hut  ornamented  with  hteroglypliio  (see  fy.  56.).     Some 


e  will  notice  without  its 
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are  compoMd  with  ranges  of  horizontal  circles,  and  look  like  an  assemUage  of  bundles 

of  rods  tied  together  at  intervals.  The  only  diflFerenoe  among  those 
columns  which  are  circular  and  plain  is  in  their  having  hierogly- 
phics, or  not.  Of  the  second  sort  there  are  many  varieties,  of  which 
we  here  present  three  specimens  (^.  57.).  l*liey  have  the  appear- 
ance of  being  bound  together  by  hoops,  like  barrels.  These  are  usually 
in  three  rows  with  four  or  five  divisions  in  each  ;  but  these  arrange- 
ments  seem  to  have  been  subject  to  no  certain  laws.  The  species  of 
columns  in  question  is  certainly  curious,  and  appears  based  upon  the 
imitation  of  stems  of  trees  bound  together,  so  as  out  of  a  number  to 
form  one  strong  post.  It  seems  scarcely  possible  that  they  could 
have  had  their  origin  in  mere  whim  or  caprice.  Many  polygonal 
columns  are  to  be  found  in  Egypt.  Some  square  specimens  are  to 
be  seen  in  the  grottos  at  Thebes  cut  out  of  the  rock  itself.  Simi- 
lar examples  occur  at  the  entrance  of  the  sanctuary  of  a  temple  in  the  same  city.  Hexa- 
gonal ones  are  described  by  Norden,  and  Pocock  mentions  one  of  a 
form  triangular  on  the  plan.  We  do  not  at  present  rememl>er  any 
fluted  specimen,  except  in  the  tombs  of  Beni- Hassan,  of  which  a 
representation  will  be  given  in  the  section  on  Grecian  architecture. 
Their  character  is  shortness  and  thickness.  Tliey  vary  from  three  to 
eleven  fleet  in  diameter,  the  last  dimension  being  the  largest  diameter 
that  Pocock  observed,  as  in  height  the  tallest  was  forty  feet.  Such 
were  some  of  those  he  measured  at  Camac  and  Luxor,  but  this  he  gives  only  as  an  ap- 
proximation from  the  circumstance  of  so  much  of  them  being  buried  in  the  earth. 

78.  Pilasters,  properly  so  called,  are  not  found  in  Egyptian  architecture.  The  base  of 
the  column,  when  it  appears,  is  extremely  simple  in  its  form.  Among  the  representations 
in  Denon*s  work  u  one  in  which  the  base  is  in  the  shape  of  an  inverted  ogee.  It  belongs 
to  a  column  cf  one  of  the  buildings  at  Tentyris. 

79.  In  their  capitals,  the  Eiryptians  exhibited  great  variety  of  form.  They  may,  how- 
ever,  be  reduced  to  three  species,  —  the  square,  the  vase-formed,  and  the 
swelled.  The  first  (^.  58.)  is  nothing  more  than  a  simple  abacus,  merely 
placed  on  the  top  of  the  shaft  of  the  column,  to  which  it  is  not  joined  by  the 
intervention  of  any  moulding.  This  abacus  is,  however,  sometimes  high 
enough  to  admit  of  a  bead  being  sculptured  thereon,  as  in  the  annexed 
block.  It  does  not  appear,  jis  in  Grecian  architecture,  that  in  that  of  Egypt 
differently  proportioned  and  formed  columns  had  different  capitals  assigned 
to  them.  The  notion  of  imparting  expression  to  architecture  by  a  choice  of 
forms  of  different  nature,  and  more  or  less  complicated  according  to  the 
character  of  an  order,  was  unknown  in  Egypt.  It  was  an  architectural 
language  which  the  people  knew  not.  Hie  vase-shaped  capital  (/f^,  59.) 
is  variously  modified :  sometimes  it  occurs  quite  plain  ;  in  other  cases  it  is 

differently  decorated,  of  which  we  here  give  two  examples.  It  certainly  has  all  the  appear- 
ance of  having  afforded  the  first  hint  for  the 
bell  of  the  Corinthian  capitaL  The  third 
or  swelled  capital  is  also  found  in  many 
varieties ;  but  if  the  form  be  not  founded 
on  that  of  the  bud  of  a  tree,  we  scarcely 
Fif.  M.        ▼AflB  A»B  tnmmm.  wAm  cavitau.  know   wherein   its  original  type  is  to  be 


M.   CAMTAU 


r.^GZE^g:-e:;tJ 


}\c\ 


sought.     Two  examples  of  it  are  here  appended. 

80.  The  entablature,  for  such  (however  unlike  it  be  to  the  same  thing  in  the  architecture 

of  Greece)  we  suppose  we  must  call  the  massive 
loading  placed  on  the  walls  and  columns  of 
ancient  Egypt,  is  very  little  subdivided.  The 
upper  part  of  it,  which  we  may  call  the  cornice, 
projects  considerably,  having  a  large  concave 
member,  in  some  cases  consisting  of  ornaments 
representing  a  series  of  reeds  parallel  to  each 
nc  to.  wrAai^rvBa.  other  from  top  to  bottom ;    in  other  cases   in 

groups  of  three  or  six  in  a  group,  the  mtervals  between  them  being  sculptured  with  winged 
globes,  as  on  the  portico  of  the  temple  at  Tentyris,  given  in  Jiff.  60.  Sculptures  of 
^ififMl«^  winged  globes,  and  searabaei,  are  the  almost  constant  decorations  placed  on  what 
may  be  called  the  architrave  of  the  Egyptian  temple.  Of  the  winged  globe,  usually 
Iband  on  the  centre  of  it,  as  also  of  the  great  concave  cormce.  Jiff.  61.  is  a  representation. 

We  close  our  observations  on  the  cor- 
nices of  the  Egyptian  temple  by  request- 
ing the  reader,  if  he  have  the  smallest 
doubt  on  the  common  origin  of  the  archie 
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tectum  of  Egypt  »nd  Penspolii,  to  refer  to  fig.  B6.,  where  lie  will  find  ■  prccuelj 
mmiUr  uw  of  tin  ptA  cavetto  which  CTOwned  the  building!  of  both  counlriei.  The 
writer  who.  in  the  Detcriftim  Abr/gft  iUt  Mtnuntnt  di  ia  HaKlt  Egfpt,  hu  found  that 
thi«  great  cutve  a  Irarrawed  from  the  bending  learea  of  the  palm  tree,  haa  miitaken  the 
elementi  of  decoration  (or  lubnantial  conitructiTe  art,  and  haa  brgalten  that  the  flnt  Db>ect 
follow)  long  after  the  laller.  But  we  doubt  if  he  reall^r  meaot  what  his  wordi  import.  The 
ceiling)  of  Egypt  are  invariably  moDotonous.  The  non-uie  of  the  arch,  whereon  we  have 
touched  in  ■  preceding  page,  and  the  blocki  of  aCoce  which  the  country  afforded,  allowed 
little  (cope  for  diiplay  of  varied  form.  In  the  colonnade*  of  the  counlry,  architrave)  of  itone 
re«  on  the  oidumna  (see  fig.  54.),  an  which  tranivenely  are  placed  thoae  which  actually 
form  the  ceiling*,  juat  like  the  floor  boards  of  a  modern  economical  Kiiglish  building.  On 
them  are  often  found  some  of  the  most  interesting  representations  that  are  in  eiistence  : 
we  allude  to  those  of  the  zodiacal  constellatiom  disposed  circularly  about  the  centre  of  the 
apartments  in  which  Ibej  arc  placed.  Hiough  nothing  has  been  deduced  from  these  to 
Mtisfy  us  on  the  date  of  their  continent  buildings,  they  are  not  the  less  unworthy  of 
further  investigation,  which,  howevei,  it  is  not  our  province  here  to  pursue. 

Bl.   Ilie  gates  and  portals  of  the  Egyptian  temples  were  cither  placed,  a>  at   Camac 
and  Luior    (flgt,  62,  and  63.),  id 

eolunms,  as  already  noticed,  in- 
clined upwards,  having  gcneially 
a  reed  niuulding  round  them,  and 
the  whole  crowned  with  a  large 
cavetto.  They  were  plentiliilly  co- 
vered with  hieroglyphics  i  fre- 
quently fronted  by  >  pair  of  obe- 
lisks 1  and  on  their  sidta  were  placed 


tion,  leading  to  platforms  on  their 
■ummita.       It  is  now  difficult    to 
account  for  the  eilraordinary  la- 
bour bestowed  on  tbeie  masses  of 
masonry.      More  than  pictorial  et 
feet    must  have   been  the  motive. 
The  reader   will,  by  turning  back 
to  fig.  52.,    be   equally    surprised 
with   ourselves  when   he    contem- 
plates, in  the  gateway  at  the  Tern- 
fi*-"-  »,..Mii.  B...-,i.  .(  1......  pie  of  Apollinopolit  Magna,  such 

v«.-t  cfTurts  developed  on  no  appareiilly  minor  a  poiiiL  The  masse*  in  these  ore  always  py- 
ramidal, and  bcai  greet  resemblance  to  the 
gates   of  modern  fortifications.       Sometime* 

high  as  the  adjacent  buildings  which  flank 
them.  Their  thicknecs  is  enormous,  some 
of  them  extending  to  the  eitraordinary  depth 
of  fifty  feet. 

B2,    Windows  were    not   frequently    used. 
!    When  they  occur  they  are  long  small  paral- 
■    lehwrams,    rarely  ornamented,    but    splayed 
inside.       Many  of  the  apartments  were  with- 
out windows  at  all. 

83.    We  have,  in  a  previous  page,  alluded  to 

the  Pyramids  i   to  which  we  here  add,  that, 

whatever  might  have  been  their  purpose,  it  is 

Ttf  6J.        ■ivm..  Kxi.i.  ••  MMir.  ccrtsin  that  the  form  adopted  in  them  _  one 

that,  among  other  people,  was  devoted  to  the  purposes  of  sepulture — was  of  all  architectural 

fbnns  that  calculated  to  ensure  durability,  and  was.  moreover,  well  suited  to  the  vUws  of  a 

nation  which  tcwk  eitraordinary  means  to  preserve  the  body  after  life,  and  expended  large 

luro)  on  their  tombs, 

84.  OanAMENT  or  DccoatTioM  may  be  considered  under  two  heads,  —  that  which  con- 
sists in  ot^ecta  foreign  lo  the  forms  of  the  edifices  tliemselves,  such  as  statues,  obelisks, 
&c.  i  and  that  which  is  actually  affiled  lo  Ihein,  such  as  the  carving  on  the  fricies,  bas- 
relief  &c, 

85.  The  former  of  these  are  remarkntilc  for  ihe  aiie  and  beauty  of  the  materials  wbereof 
th^  are  compovid.  First  for  notice  arc  their  statues  of  colossal  diraenwona,  which  are  mostly, 
if  not  always,  in  a  sitting  attitude.    The  two  here  given  (.fig.  64. )  are  from  the  Memnonium. 
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Tbey  ue  genvrall;  uoUted,  anil  pla4.-«]  on  simple  peileiUlt.      The  uw  oT  CuyatideH.  lU 

Ihey  mre  called.  perlia|)i  improperly,  in 

Egyptian  architectuie,  if  we  ma}  judge 

Innn  remaini,  doe*  not  uppear  lo  tuiTe 

been  verj  frequent.       In  the   tomb   of 

Osjmanij'iu,  »e  find,  accordiriK  lo  Dio- 

dorua,  Ituit  there  wu  a  penBtylium,  400 

feet    Hiuare,  supported  by  animals   IG 

cubit!  bight  eaflh  in  one  Btone*  instead 

of  columns      The  same  author  (loL  i. 

';  f.  5S.ed.  Wesaeling),  ^leaking  of  Pum. 

nieticua,  aayi,   "  Havuig  now  obtained 

the   whole  kingdom,   he  built  »   pro- 

iw  «.      ™— .1  nini.  ™»i  na  ■uoauii.  pylieuHi,  on  the  e»t  ude  of  the  temple, 

to  the  God  M  Meoipliii ;  «hich  temple  he  eDcircled  vith  ■  wall  i  and  in  thii  propylBum, 

iDite^  of  columa%  nibstiluted  colon*!  atotues  13  cubita  in  height."      Sutues  of  spfainiei 

■nalUa  or  ■•enues  were  uied  (or  ornamenting  tbedromoa  of  their  temple*.      Of  tbii  species 

of  ornament  the  ruins  of  Thebes  present  a  magnificent  example.      They  were  placed  on 

plinths  being  one  another,  and  about  ten  leet  apart.      Eiampla  of  lions  also  occur.      The 

tfbnn  of  the  Egyptian  obelisks  is  too  well  known  to  need  a  description  here.    They  have  been 

alleged  to  be  manuments  conwcraled  lo  the  sun.      From  the  uluation  Ihey  often  occupy,  it 

is  clear  Uiey  were  used  neithet  u  gnonions  nor  ■olar  quadranli. 

86.  Amongst  the  ornaments  affixed  lo  their 
buUdingH,  or  rather  forming  a  part  of  them. 
the  moel  frequent  are  hieroglyphics  and  bas-relieb. 
The  custom  of  cutting  the  fbrrner  upon  almost 
every  building  waa,  as  we  now  find,  fiv  the  pur- 
pose of  recnrd  ;  but  it  is  nevertheless  to  be  consi- 
dered ss  omsmental  in  effect.  The  figures  thai 
are  sculptured  on  the  walls  of  the  temples  arc 
mostly  in  low  reliet  and  »re  destitute  of  proper, 
tion ;  and,  when  in  groups,  are  devoid  of  senti- 
ment.  Paintmg  was  another  mode  of  decoration. 
llie  grottoes  of  Ibe  Theboid,  and  other  subter. 
ranean  apartments,  abound  with  picture*,  not 
only  of  hieroglyphics,  but  of  other  tubjecta.  But 
the  taste  of  all  these,  either  in  drawing,  colour- 
ing, or  composition,  is  not  better  than  that  of  their 
sculpture.     (See  an  eiample  in  /g.  65.)    Yet  in 

[    Ihey  are  cut  and  the  uniformity  of  line  and  pro- 

F*,.  ti.         .—■  — —  portion  Ihey  ei hi] lit,  *  certain  effect  is  produced 

which  is  not  altogether  di&pleaaing. 
67.  The  nymphsa  lotus,  or  water  lily,  sccins  lo  have  been  the  type  of  much  of  the  orna- 
nent  used  for  the  purpose  of  decoration.  The  leaf  of  the  palm  tree  was  another  object  of 
■niilatioii,  and  is  constantly  found  in  the  mpitals  of  their  columns.  The  use  of  the  palm 
Inf  in  this  ulualioa  may  have  been  derived  from  a  popular  notion  mentioned  by  Plutarch, 
(^Sy^potiac.  lib.  vi.  cap.  4.),  that  the  palm  tree  rose  under  any  weight  that  was  placed  upon 
it,  and  even  in  proportion  to  the  degree  of  depression  it  experienced,  lliis  supposed  pe- 
culiarity ii  also  mentioned  by  Aulus  Geltius  (lib.  iii.  cap.  6.).  The  reed  of  the  Nile, 
with  its  head,  enters  into  sonw  combinations  of  omsment ;  the  former,  indeed,  collected 
in  bundles,  seems  to  have  been  the  type  of  some  of  the  species  of  their  columns.  In  their 
entablatures  and  elsewhere,  animals  of  all  sorts  occasionally  find  a  place  ss  ornaments,  even 
down  to  Gsbe*,  which  occur  in  a  frieie  at  Assouan ;  and,  as  we  have  before  observed,  there 
are  few  buildings  of  importance  in  which  the  winged  globe  does  not  appear  as  an  oma> 

.  Some  observation*  on  the  taste,  style,  and  character  of  Egyptian  architecture,  will 
lude  this  section.  If  the  type  was,  as  we  imagine,  derived  from  Ihe  early  subterranean 
edifices  of  the  people,  whose  customs  allowed  of  no  change  or  improvement,  we  cannot  be 
surprised  at  the  great  monotony  that  exists  in  all  their  monuments.  The  absence  of  variety 
in  ihcir  prolilei,  by  means  of  projecting  and  re-eniering  parts,  of  the  use  of  the  srch,  of  the 
inclined  rooC  and  of  all  deviation  from  those  shada  of  diflbrent  developments,  which 
impsrt  character  lo  a  work  of  art,  generated  the  monotony,  the  subject  of  our  complainL 
It  cannot  be  denied  tlial  in  those  arts  which  have  nature  for  their  model,  the  artists  of  Egypt 
never  sou^t  excellence  in  true  representation.  Now  archilcclurc  is  so  allied  to  Ihe  other 
arts,  thai  the  pKneiples  by  which  they  were  guided  in  these  latter  were  carried  through  in 
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the  former.  It  was  impossible  that  the  abstract  imitation  of  nature,  which  constitutes 
almost  the  essence  of  architecture,  which  is  founded  upon  the  most  refined  observations  of 
the  impressions  of  different  objecti  on  our  senses,  which  indicates  numberless  experiments 
and  successive  trials,  and  which  therefore  requires  the  independence  of  the  artist,  could  be 
developed  in  a  country  where  the  restrictions  of  religion  and  the  spirit  of  routine  became 
the  dominant  genius  of  all  the  arts.  In  positive  imitation,  whose  existence  and  principles 
have  been  already  traced  from  grottoes  and  hollowed  subterranean  apartments,  the  types  of 
Egyptian  architecture  were  unsusceptible  of  variety,  and  very  remote  from  that  which 
characterises  invention.  The  monotony  thence  resulting  was  attended  by  another  effect,  — 
that  of  endeavouring  to  correct  it  by  a  profusion  of  hieroglyphics.  As  to  the  other  orna- 
ments employed,  they  seem  to  have  flowed  from  caprice,  both  in  selection  and  employment, 
resting  on  no  fixed  principles  of  necessity  or  fitness,  nor  subject  to  any  laws  but  those  of 
chance.  The  original  forms,  indeed,  of  Egyptian  architecture,  unfounded,  like  those  of 
Greece,  on  a  construction  with  timber,  would  not  suggest  the  use  of  ornament.  Nothing 
seemed  fixed,  nothing  determined  by  natural  types.  We  must,  however,  except  some  of 
their  columns,  which  do  iqipear  to  have  been  formed  with  some  r^^ard  to  imitation. 

89.  In  the  architecture  of  Egypt  we  find  great  want  of  proportion,  or  that  suitable  ratio 
which  the  different  parts  of  a  body  should  bear  to  each  other  and  to  the  whole.  In  all  or- 
ganised beings,  their  parts  so  correspond,  that,  if  the  sise  of  a  single  part  be  known,  the 
whole  is  known.  Nature  has  thus  formed  them  for  the  sake  of  dependence  on  and  aid  to 
each  other.  In  works  of  art,  the  nearer  we  approach  a  similar  formation,  the  more  refined 
and  elegant  will  be  its  productions.  Solidity  is  abused  in  the  works  of  the  Egyptians ;  the 
means  employed  always  seem  greater  than  were  necessary.  This  discovers  another  cause 
of  their  monotony.  The  masses  of  material  which  the  country  produced  measured  their 
efforts  and  conceptions,  and  their  invention  was  exhausted  by  a  very  restricted  number  of 
combinations.  Their  monuments  are  doubtless  admirable  for  their  grandeur  and  solidity  ; 
but  the  preponderance  of  the  latter,  when  carried  beyond  certain  bounds,  becomes  clumsi- 
ness ;  art  then  disappears,  and  character  becomes  caricature.  Though  we  think  it  useful 
thus  to  analyse  Egyptian  art,  it  must  not  be  supposed  that  we  are  insensible  to  its  imposing, 
and  often  picturesque,  effect.  It  can  never  be  revived,  and  our  observations  upon  it  must 
be  understood  as  in  comparison  with  Greek  art,  which  has  proved  so  susceptible  of  modi- 
fication that  it  is  not  likely  to  be  abandoned  in  any  part  of  the  world  where  civilisation 
has  appeared. 

90.  Though  the  private  dwellings  of  the  Egyptians  were  not  comparable  with  their  pub- 
lic edifices,  they  were  not  altogether  devoid  of  splendour.  Examples  of  them  from  sculp- 
tures may  be  seen  in  Mr.  Wilkinson's  work  above  quoted.  In  the  towns  they  of  course 
varied  in  size  and  plan.  The  streets  were  narrow  and  laid  out  with  regularity  ;  and  the 
mixture,  as  frequently  met  with  in  eastern  towns,  of  large  houses  with  low  hovels,  appears 
to  have  been  avoided.  In  Thebes,  the  number  of  stories  were,  according  to  Diodorus,  in 
some  cases  as  much  as  four  and  five.  Houses  of  small  size  were  usually  connected  together, 
rarely  exceeding  two  stories.  They  were  regular  in  plan,  the  rooms  usually  occupying  three 
sides  of  a  court-yard,  separated  by  a  wall  from  the  street ;  or  on  each  ude  of  a  long  passage 
from  a  similar  entrance  court.  Tlie  court  was  sometimes  common  to  several  houses.  Large 
mansions  were  detached,  having  often  different  entranees  on  their  weveral  nde$,  with  portals 
very  similar  in  form  to  those  of  their  temples.  These  portals  were  about  12  or  15  ft.  high, 
and  on  each  side  was  a  smaller  door.  Entering  through  the  porch,  the  passage  was  into  an 
open  court  wherein  was  a  receiving  room  for  visitors,  and  this  was  supported  by  columns, 
and  closed  in  the  lower  part  by  intercolumnal  panels.  On  the  opposite  side  of  the  court 
was  another  door,  by  which  the  receiving  room  was  entered  from  the  interior.  Three  doors 
led  from  this  court  to  another  of  larger  dimensions,  ornamented  with  trees,  communicating 
on  the  right  and  left  with  the  interior  parts  of  the  building,  and  having  a  back  entrance.  The 
arrangement  of  the  interior  was  the  same  on  each  side  of  the  court ;  six  or  more  chambers, 
whose  doors  fkced  each  other,  opened  on  a  corridor  supported  by  columns  on  the  right  and 
left  of  the  area,  which  was  shaded  by  a  double  row  of  trees.  A  sitting  room  was  placed 
at  the  upper  end  of  one  of  these  areas,  opposite  the  door  leading  to  the  great  court ; 
and  over  this  and  the  chambers  were  the  apartments  of  the  upper  story.  On  each  side  of 
the  sitting-room  was  a  door  openine  on  to  the  street  Of  course  there  were  houses  on 
other  plans,  which  are  given  by  Wdkinson ;  but  the  above  conveys  a  sufficient  idea  of 
their  general  distribution.  On  the  tops  of  the  houses  were  terraces,  serving  as  well  for 
repose  as  exercise.  The  walls  and  ceilings  were  richly  painted,  and  the  latter  were  formed 
into  compartments  with  appropriate  borders.  Some  of  their  villas  were  on  a  very  large 
scale,  and  were  laid  out  with  spacious  gardens,  watered  by  canals  communicating  with  the 
NUe. 

91 .  We  close  this  section  with  a  list  of  the  principal  ancient  edifices  of  Egypt  (for  which 
we  are  indebted  to  the  work  of  Mr.  Wilkinson),  whose  situations  are  marked  on  the 
accompanying  map  {^g.  66.).  At  Heliopolis  {modem  name  Maiarieh)  (No.  1.),  a  little  to 
the  north  of  Cairn,  the  obelisk  of  Osirtasen  I.,  and  the  remains  of  walls  and  houses.     Near 
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Cairo,  to  the  south-west,  pyramids  of 
Geezeh  (No.  2.),  Saocara,  and  Dashoor. 
At  Mitraheni  (No.  S.),  a  colossus  of 
Remeses  II. ;  the  mounds  of  Memphis, 
fragments  of  statues,  and  remains  of 
buildings.  About  thirty-eight  miles 
above  Cairo,  on  the  east  bank  (No.  4.), 
are  the  mounds  of  Aphroditopolis ;  and 
on  the  opposite  bank  a  fiilse  pyramid. 
Three  miles  further,  on  the  east  bank, 
the  walls  of  an  ancient  village  called 
£1  Heebee  (No.  5.),  with  some  hiero* 
glyphics.  At  Benisooef  a  road  leads  to 
the  Fyoom;  a  brick  pyramid  at  Illa- 
houn  (No.  6.),  another  at  £1  Hawara, 
and  traces  of  Uie  Labyrinth.  An  obelisk 
at  Biggig  (No.  7.);  ruins  near  L«ke 
Mocris  and  at  Kasr  Keroun  (No.  8.). 
From  Abou  Girgeh  (No.  9.),  on  the 
west  bank,  a  road  to  Oxyrinchery  (Bah- 
nasa)  (No.  10.),  where  are  mounds  but 
no  ruins.  At  Gabel  c*  Tayr,  a  rock 
temple.  Eight  miles  below  Minieh 
(No.  11.)  is  Acoris  (Tehneh),  on  the 
east  bank,  where  is  a  Greek  Ptolemaic 
inscription  on  the  cliiT,  tombs  in  the  rock 
with  inscriptions  on  the  doors,  hiero- 
glyphic tablets,  &c.  On  the  east  bank, 
seven  miles  above  Minieh,  Kom  Ahmar, 
where  are  the  ruins  of  an  old  town  and 
some  grottoes.  Nine  miles  further  up 
are  the  grottoes  of  Beni  Hassan  (  No.  12.); 
and  about  a  mile  and  a  half  ftirther  on 
a  grotto  or  rock  temple  of  Bubastis  or 
Diana.  Antinoe  (Shekh  Ab&deh),  west 
bank,  few  traces  of  the  town,  a  theatre, 
principal  streets,  baths,  &c.    Outside  the 

96  town,  the  hippodrome.  At  £1  Bersheh, 
a  frrotto,  wherein  is  a  colossus  on  a 
sledge.  Hermopolis,  on  the  west  bank 
(Ofl£mounayn)  (No.  IS.),  no  remains  of 
it.  At  Gebel  Toona  are  mummy  pits, 
a  tablet  of  hieroglyphics,  and  statues  in 

K  high  relief:  At  Shekh  Said  (No.  14.^ 
the  mountains  recede  to  the  eastward, 
leaving  the  river ;  a  little  beyond  is  the 
village  of  Tel  eb  Amarma,  to  the  north 
of  which  are  the  remains  of  a  small 
town,  and  to  the  south  the  ruins  of  a 
city,  which  Mr.  W.    supposes  to  have 

^  been  the  Alabastron.  To  the  east  are 
grottoes  with  sculptures;  and  on  the 
summit  of  the  mountain  an  ancient 
alabaster  quarry.  At  £1  Hargib  (No. 
15.),  the  ruins  of  an  old  town.  At 
£*  Sioot  (No.  16.)  (the  ancient  Lyco- 
polis)  are  grottoes.  At  Gow  (Antaeo- 
polis),  a  few  stones  of  the  temple  close 
to  the  river.  At  Shekh  Heredee,  small 
grottoes;  and  a  Roman  statue  at  the 
base  of  the  mountain  cut  out  of  a  piece 
of  the  rock.  West  of  Soohag  (No.  1 7.) 
is  the  old  town  of  Athribis,  where  is  a 
Greek  inscription  in  the  ruined  temple, 
and  grottoes  in  the  mountain.  On  the 
east  side  of  the  river,  opponte,  is 
E*Khmim  (No.  18.)  (Parcopolis,  Greek 
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inncription  of  Temple  of  Pan,  and  remiuns  of  otiun'  itoni!  buildings.      Mmuhceli  (No.  19.) 

(Ptolemaii    Hermii),   on    the    wot 

bulk,  from  whence  three  hours'  ride 

to  Ab;diu  (now  Anbat  el  Matfoon), 

wheie   ate   two   temp  In  and   nuuiy 

tombt.      Hou   (Dioipolu  pu^a),  ■ 

1        few   remain!    of    Ptolemaic    times. 

I        Dendera  (No.30.)  (ancient  Tent;- 

1       rit)   hai  two  templea  (fy$.  61.  and 

^     GB.),    iiucriptioM,    lodiic,   &c.      At 

n,,m,  n.r.. ..  t..-n.».  Q^,^  (Coptm),    ruin*    of  tho    old 

town  and  of  a  temple ;  and  at  the  Tillage  of  El  QaU.  to  the  north,  a  small  Roman  Egyp- 

tiui    temple.      Qooa   (No.  210    (Apolli- 

nopoli)    parra)    no    ruina.       At    Thelies 

(No.  S3.)    (Dioq>Dlis    magna),    on    the 

east  bank,  Kamac  and  Lugaor;   on  the 

wect,  tombi  of  the  kings,  priiate  tomba. 

sereral  temples,  colossi  c^  the  plun,  &c. 

At  Erment  (No.  83.)  (Hwmonthis),  wal 

bank,  a  temple  and  early  Christian  church. 

At  ToRieca  and  Asfbon  (  No.  34. )  mounds 

(j)j,.69.)  (L»lopoli»)  (No.35.)  po»e»e. 
a  line  portico,  lodiac  and  quay  ;  lilteen 

mid.      On  Ibe  east  bank,  fbur   miles  be- 
yond, is  El  Kab  (EUetfafaa),  where  are 

and  a  short  distance  up  the  valley  tliree  miiall  temples.      Edtti  (No.  36.)  (Apollinopolis 
magna)  has  two  temples ;  and 
eleven   miles   abore  it  are  Ihe 
remains  of  an  old  town.      At 
Koraombo  (No. 37.)  (Ombos) 
are  two  temples,  and  an  an- 
cient ttone  gateway  in  a  crude 
'     brick  wall  on  the  eairi  side  of 
'    the  inclosure  of  the   temples. 
At  E'  Sooan  (  No.  3B. )  (  Syene), 
ruins  of  a  small  Koman  temple, 
F*li».  ™.i™ ..—-..  „n,e   columns,    granite   quar- 

ries, in  one  of  which  ii  a  broken  obelisk.  Island  of  Elephanta,  oppoute  the  rocks  of 
E-  Sooan,  i>  the  Nilometer,  with  Greek  incriptions  reUting  to  the  rise  of  the  Nile.  A 
granite  gateway  bearing  the  name  of  Aleiander.  son  of  Aleionder  the  Great.  At  Phils 
(No. 39.)  temples  and  ruins.  On  the  Island  of  Kiggeh,  opposite  l>hils  to  the  west, 
ruined  temple,  tablets,  &c. 

93.  In  Nubia,  temples  at  Dalwde  (No.  30.)  (Paremboli)  and  Kaliabsht*  (No.  31.) 
(Talmis);  to  the  north  of  the  last  a  small  but  interesting  temple,  called  Bajt  el  Wellea, 
cut  in  the  rock,  and  of  the  time  of  Kemeses  II.  A  temple  at  Dandoor  (No.Sa.),  and  one 
cut  in  the  tock,  of  the  time  of  Remcses  II.,  at  Gerf  Hossayn  (Tuuis).  At  Sabooa 
(No.  33.),  a  temple  of  the  time  of  Remesei  II.,  with  an  avenue  of  sphiniea,  the  adytum 
eut  in  the  rock,  the  rest  buUt.  At  Assaia  (No.  34.)  or  Amada,  a  temple  of  Thothmes 
ancient ;  and  nearly  opposite,  on  the  east  bank,  is  Dayr,  where  is  a  temple  cut  in  the  rock 
of  the  date  of  Remeses  II.      At  Ypsamboot  (No.  35.)  (Ji?»- 70.and  71.),  two  fine  temples 
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cut  in  the  rock  of  the  time  of  Remeses  II.,  and  the  finest  out  of  Thebes.     Above  the  last- 
named  place  there  are  do  buildings  of  importance  mentioned  by  our  author. 


Sect.   VIII. 

CHIKX8S   AECUITSCTUaS. 

93.  In  the  first  chapter,  the  reader  will  remember,  we  have  said  that  in  the  tent  is  to  be 
found  the  type  of  this  architecture  ;  and  one  whioh,  M.  de  Paw  justly  observes,  cannot  be 
mistaken.  We  are  not  aware  of  the  utility  of  a  very  minute  investigation  of  its  style,  which 
in  this  country  is  of  no  further  importance  than  attaches  to  the  silly  decoration  of  gardens 
with  imitations  of  its  productions ;  but  as  the  object  of  this  work  would  not  be  fully  attained 
without  some  account  of  it,  we  propose  to  consider  it,  firstly,  with  respect  to  its  principles, 
character,  and  taste ;  secondly,  with  respect  to  its  buildings,  their  parts,  and  the  method  of 
ccmstruction  adopted  in  them. 

94.  (1.)  To  judge  of  the  arts  of  a  people,  we  ought  to  be  acquainted  with  the  people 
themselves,  the  constitution  of  their  minds,  their  power,  their  habits,  and  the  connection  of 
the  arts  with  their  wants  and  pleasures.  As  one  man  differs  firom  another,  so  do  these  differ 
among  nations.  The  desire  of  improving  on  what  has  been  done  before  us,  no  less  distin- 
guishes nations  than  individuals  from  each  other.  Whatever  may  be  the  cause,  this  &culty 
does  not  seem  to  be  possessed  by  the  Chinese.  Unlike  their  Indian  neighbours,  amongst 
whom  appears  an  exuberance  of  invention,  the  arts  of  imitation  in  China  have  been  bound 
in  the  chains  of  mechanical  skill.  Their  painters  are  rather  naturalists  than  artists ;  and  an 
European,  engaged  on  the  foreground  of  a  landscape,  tells  us  that  the  criticism  by  a  native 
artist  on  his  work  was  confined  to  the  observation  that  he  had  omitted  some  fibres  and  sink- 
ings in  some  of  the  leaves  of  the  foliage  employed  in  it.  The  political  and  moral  subjection 
of  the  people  seems  to  have  doomed  them  to  remain  in  that  confined  circle  wherein  long 
habit  and  repugnance  to  change  have  enclosed  them. 

95.  In  speaking  of  the  principles  of  Chinese  architecture,  the  word  is  used  in  application 
to  those  primitive  causes  which  gave  birth  to  it,  and  which,  in  every  species  of  architecture, 
are  the  donents  of  its  character  and  the  taste  it  exhibits.  The  imitation  of  the  tent,  as  we 
have  before  observed,  u  the  true  origin  of  their  buildings  ;  and  this  agrees  with  our  know- 
ledge of  the  primitive  state  oi  the  Chinese,  who,  like  all  the  Tartar  tribes,  were  nomadic. 
On  this  is  founded  the  singular  construction  of  their  dwellings,  which  would  stand  were 
the  walls  destroyed ;  inasmuch  as,  independent  of  them,  their  roo&  rest  upon  timber  framing, 
just  as  though  they  had  surrounded  tents  with  enclosures  of  masonry.  Indeed,  from  the 
accounts  of  travellers,  a  Chinese  city  looks  like  a  large  permanent-  encampment,  as  well  in 
respect  of  its  roofs  as  its  extent  If,  again,  we  recur  to  their  concave  sloped  sides,  we  can 
arrive  at  no  other  concluaon  ;  and  though  the  carpentry  of  which  they  are  raised  has  for 
ages  been  subjected  to  these  forms,  when  we  consider  the  natural  march  of  human  invention, 
especially  in  cases  of  necessity,  we  cannot  believe  that,  in  a  country  where  the  primitive 
construction  was  of  timber,  the  coverings  of  dwellings  would  at  once  have  been  so  simple 
and  so  light  Their  framing  seems  as  though  prepared  merely  for  a  canvas  covering. 
Again,  we  have,  if  more  were  wanting,  another  proof^  in  the  posts  employed  for  the  support 
of  their  roofs.  On  them  we  find  restmg  nothing  analogous  to  the  architecture  for  receiving 
and  supporting  the  upper  timbers  of  the  carpentry  ;  on  the  contrary,  the  roof  projects  over 
and  beyond  the  posts  or  columns,  whose  upper  extremities  are  hidden  by  the  eaves ;  thus 
superseding  the  use  of  a  capital.  A  canvas  covering  requires  but  a  slender  support :  hence 
lightness  is  a  leading  feature  in  the  edifices  of  China.  The  system  of  carpentry  (if  such  it 
can  be  called)  thus  induced,  will  be  noticed  under  the  second  head ;  but  we  must  here 
observe,  that  lightness  is  not  at  all  incompatible  with  essential  solidity  of  construction ;  and 
whilst  other  materials  than  those  which  formed  tents  have  been  substituted  for  them,  the 
forms  of  the  original  type  have  been  preserved,  making  this  lightness  the  more  singular, 
inasmuch  as  the  slightest  analogy  between  those  of  the  original  and  the  copy  is  imper- 
ceptible. This  change  of  nutterial  prevents  in  the  copy  the  appearance  of  solidity,  and 
seems  a  defect  in  the  style,  unless  we  recur  to  the  type. 

96.  A  characteristic  quality  of  Chinese  architecture  is  gaiety  of  effect.  Their  coloured 
roofs,  compared  by  their  poets  to  the  rainbow,  —  their  porticoes,  diapered  with  variegated 
tints,  —  the  varnish  lavished  on  their  buildings,  —  the  keeping  of  this  species  of  decoration 
with  the  light  forms  of  the  buildings,  —  all  these  unite  in  producing,  to  eyes  accustomed  to 
contemplate  them,  a  species  of  pleasure  which  they  would  with  difficulty  relinquish ;  and  it 
seems  reasonable  that  the  architecture  of  Europe  must  appear  cold  and  monotonous  to  men 
whose  pleasure  in  the  arts  is  more  dependent  on  their  senses  than  on  their  judgment. 

97.  Taste  in  art  is  a  quality  of  vague  signification,  except  amongst  those  whose  lives  are 
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passed  in  its  practice ;  neither  is  this  the  place  to  say,  upon  that  subject,  more  than  that,  in 
the  application  of  ornament  or  decoration  to  architecture,  it  must  depend  on  the  method  of 
construction.  This  is  not  found  in  that  whereof  we  are  writing.  With  the  Chinese,  the 
art  of  ornamenting  a  building  is  an  application  of  capricious  finery  and  patchwork,  in  which 
grotesque  representations  of  subjects  connected  with  their  mythology  often  prevail :  yet,  in 
this  respect,  they  exhibit  a  fertility  of  invention,  and  produce  beautiful  abstract  combinations 
quite  in  character  with  the  general  forms.  Indeed,  the  parts  of  their  architecture  are  in 
harmony  with  each  other.  All  is  based  upon  natural  principles,  and  is  so  adapted  to  the 
few  and  simple  wants  of  a  nation  whose  enormous  population  alone  seems  to  render  it  inde- 
pendent of  every  other  people,  that  no  period  can  be  assigned  to  the  future  duration  of  an 
architecture  which,  we  apprehend,  has  existed  amongst  them  from  the  earliest  date  of  their 
dwelling  in  cities. 

98.  (2.)  TiMua  is  the  chief  material  in  use  among  the  Chinese;  and  that  of  which  the 
country  produces  the  principal  is  the  nan-man,  which,  according  to  some,  is  a  species  of 
cedar ;  others  have  placed  it  among  the  firs.  It  is  a  straight  thick  tree,  and  improves  with 
age.  De  Paw  says  that  it  furnishes  sticks  from  twelve  to  thirteen  feet  high,  of  useful  wood ; 
but  Chambers  limits  it  to  a  snudler  size.  Respecting  its  beauty  and  duration,  all  travellers 
agree.  Davis  (DeacripHon  of  the  Empire  of  China)  says  that  the  nan-mo  is  a  description  of 
cedar,  which  resists  insects  and  lime,  and  appears  to  be  exclusively  used  for  imperial  dwell- 
ings and  temples.  It  was  an  article  of  impeachment  against  the  minister  of  Kien-loong, 
that  he  had  presumed  to  use  this  wood  in  the  construction  of  his  private  palace.  According 
to  Du  Halde,  the  iron- wood,  ihe-fy-mow,  is  as  tall  as  the  oaks  of  Europe,  but  is  leas  in  its 
trunk,  and  differs  from  it  in  colour,  which  is  darker,  and  in  weight.  The  author  does  not 
tell  us  whether  it  Is  employed  for  columns.  The  tse-la6,  also  called  mo-w&ng,  or  king  of 
woods,  resembles  what  we  call  rosewood ;  but  its  use  is  confined  chiefly  to  articles  of  fur- 
niture. The  tchou-tse,  or  bamboo,  grows  to  a  great  height  in  China.  Though  hollow,  it 
is  very  hard,  and  capable  of  bearing  great  weight.  It  is  employed  for  scaffolding  and  sheds 
of  all  kinds ;  and  the  frame- work  of  their  matted  houses  for  theatrical  exhibitions  is  carried 
up  with  bamboos  in  a  few  hours.  It  is  in  universal  use.  The  missionaries  inform  us  that 
BaicK  has  been  in  use  with  the  nation  from  the  earliest  period,  and  of  both  species,  —  burnt 
and  merely  dried  in  the  sun.  Chambers  describes  the  walls  of  the  houses  built  of  this 
material  as  generally  eighteen  inches  thick.  He  says,  the  workmen  bring  up  the  foundations 
for  three  or  four  courses  in  solid  work  ;  after  which,  bb  the  walls  rise,  the  bricks  are  used  in 
the  alternate  courses  as  headers  and  ttretchert  on  the  two  hces  of  them ;  so  that  the  headers 
meet,  and  thus  occupy  the  whole  thickness,  leaving  a  void  space  between  the  stretchers : 
they  then  carry  up  another  course  of  stretchers,  breaking  the  vertical  joints.  Stoks  and 
MAasLB  are  little  employed  ;  not  on  account  of  their  scarcity,  for  they  are  abundant,  nor  on 
the  score  of  economy,  for  they  are  acquainted  with  the  method  of  working  them,  as  is  proved 
from  their  use  in  public  buildings  and  tombs.  Neither  can  it  arise  from  the  difficulty  or 
want  of  acquaintance  with  the  means  of  transport ;  for  we  find  in  their  gardens  immense 
blocks  introduced  for  the  purposes  of  ornament ;  and  in  their  marble  staircases,  the  steps, 
whatever  the  length,  are  always  in  a  single  piece.  The  fear  of  earthquakes,  moreover,  does 
not  appear  to  have  been  a  motive  for  their  rejection.  That  is  rather  to  be  found  in  the 
climate,  which,  especially  in  the  southern  parts,  would,  from  the  great  heat  and  moisture, 
tend  to  render  their  houses  unwholesome.  In  the  scaffolding  they  use  for  the  erection  of 
their  buildings,  security  and  simplicity  are  the  principal  features ;  not,  however,  unmixed 
with  skill.  It  consists  of  long  poles,  so  inclined  as  to  make  the  ascent  easy,  and  is  executed 
without  any  transverse  bearing  pieces. 

99.  The  police  of  architecture  among  the  Chinese  is,  to  an  European,  a  singular  feature 
in  its  practice  ;  and  we  cannot  refrain  from  presenting  to  the  reader  the  curious  restrictions 
imposed  upon  every  class  in  their  several  dwellings.  Police,  indeed,  may  be  said  to  govern 
the  arts  of  China.  Its  laws  detail  the  magnitude  and  arrangement  permitted  for  the  Ion,  or 
palace  of  a  prince  of  the  first,  second,  or  third  degree ;  for  a  noble  of  the  imperial  fimiily,  for 
a  grandee  of  the  empire,  for  the  president  of  a  tribunal,  for  a  mandarin,  —  fbr,  indeed,  all 
classes.  They  extend,  also,  to  the  regulation  of  the  public  buildings  of  capitals,  and  other 
cities,  according  to  their  rank  in  the  empire.  The  richest  citizen,  unless  bearing  some  office 
in  the  state,  is  compelled  to  restrict  the  extent  of  his  house  to  his  exact  grade  in  the  country  ; 
and  whatever  form  and  comfort  he  may  choose  to  give  to  the  interior,  the  exterior  of  his 
dwelling  towards  the  street  must  be  in  every  respect  consistent  with  these  laws.  According 
to  the  primitive  laws  on  this  subject,  the  number  of  courts,  the  height  of  the  level  of  the 
ground  floor,  the  length  of  the  buildings,  and  the  height  of  the  roofs,  were  in  a  progressive 
ratio  from  the  mere  bourgeois  to  the  emperor ;  and  the  limits  of  each  were  exactly  defined. 
The  ordinary  buildings  are  only  a  single  story  high  :  the  climate  seems  to  discountenance 
many  stories.  Though  Pekin  is  in  tlie  fortieth  degree  of  north  latitude,  the  police  obliges 
the  shopkeepers  and  manufacturers  to  sleep  in  the  open  air  under  their  penthouses  in  the 
hottest  part  of  the  summer. 

100.  The  leon  is  a  building  of  several  stories.    Of  this  sort  are  almost  all  the  small  palaces 
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built  bj  tbt  cmpnon  in  thtdr  p1«wure  gmrdens.  TTw  (male  fur  this  clam  of  IniLldiDg  at  one 
period  pTcniilFd  to  lucb  an  eitent  that  boius  were  csoitructed  from  1 50  ft.  to  SCO  ft.  in 
height,  flaokdl  b7  towen  citeoding  to  900  ft.  Tbougb  the  emperon  haTc,  generally,  alien- 
doDed  thee*  enonnoiu  buildingi.  the;  are  itill  occasuHially  erected.  Moat  houan  of  the 
cauBlry  are  to  (ligbtlY  built  as  to  be  incapable  of  bearing  more  than  one  atorj.  Indeed, 
tbe  naewity  for  melting  tbe  moil  of  an  urea  b;  doubling  and  tripling  ita  capacity,  which 
eiiita  in  tbe  cqtitali  of  Europe,  doea  not  operate  in  China. 

tot.   The  houaei  of  the  Chinese  are  uniform  in  their  qipearance.      We  here  aanez  the 

'        T~*'T      ~1  P^*"  ""^  deration  of  one  (jl^.  TS.  and  73.)  1  from  which  it  will  beaceo 

^  ~1  that  a  large  portion  of  the  area  ii  occupied  bj  court*,  pawgea.  and  gar- 

y^f         !■■■    deni.      Sir  W.  ChambeiB  describee  thoae  of  the  raerchauti  at  Canton  ai 

■  being,  generally,  a  long  rectangle  on  the  plan,  two  Btoriei  high,  and  the 

apartmenta  divided  on  the  gtouiui  floor  by  a  iride  puaa^fe,  which  ectenda 

through  tbe  whole  length.      On  the  ude  tovarda  the  ttrMt  the  abopg 

are  placed,  beyood  wbicb  a  quadrangular  open  vcatibule  leads  to  the 

private  ^artmentt,  which  are  distributed  on  the  right  and  left  of  tlie 

pasaage.     There  is  a  salon,  usually  about  18  ft  or  90  ft.  long,  and  SO  A. 

wide,  open  towards  the  vestibule,  or  with  a  screen  of  canework  to  protect 

it  from  the  lun  and  rain.      At  the  back  are  doors  eitcndiag  from  the 

floor  about  half  way  to  the  ceiling ;  tbe  niperior  part  being  of  trellia 

work,  covered  with  painted  gauie,  which  give*  light  to  the  bedroom, 

Tbe  partition  wall*  are  not  carried  higher  than  the  ground  story,  and 

are  lined  with  mat*  to  the  height  of  three  fset,  above  which  a  painted 

paper  ■•  used.      The  pavement  U  of  differently  coloured  stone,  or  marble 

fquare*.      The  doon  are  generally  rvotaugutar,  of  wood,  and  varnished 

or  painted  with  Sgurea.    Sooutimes  the  communicstion  betvreen  apart- 

the  aperture   of  a  bird-c^e.       The 
windows  are  rectangular,  and  filled 
in  with    framework    in   patterns  of 
squares,  parallelograms,  polygons,  and 
circles,  variously  inscribed  in  or  in- 
lerseding  each  other.     Tbe  lailwork 
to    the    galleries  i*  nmiliuly   oma-  ^ 
mented.      The  compartments  of  the 
windows  are  generally  filled  in  with    i 
a  transparent  oyster  shell  ■"■**■**  of    JE 
gtaas.       The  upper  floor,  which  oc-    ^ 

cupies  the    whole    breadth    of    the        "•■  "■   "•"™"  "•  '  •■""■  ""»■ 
several  large  apartments,  which  are,  oi 


lionally,  by  mea 


I*  fiir  the  people  connected  with  the  business  are  over  the  shops,      lie  roof  st 

rooden  columns ;  and  it*  eitremitiea,  projecting  beyond  tbe  walls,  arc  usually  decorated 

rilfa  the  r^nesentation  of  a  dragon. 

■OS.    In  the  system  of  carpentry  practised  by  the  Chinese,  the  columns  and  beams  look 

_  more  like  the  ban  of  a  light  cage  than  the  supports  and  ties  of  a  solid  piece  of 

L  framing,  or  like  a  collection  of  bamboos  bstencd  to  one  another.   Theaccom- 

L  panying  diagram  (^Jiff-  74.)  will  convey  our  meaning  to  the  reader.      Ilieir 

■^  eolumns  vary  in  their  form*  and  in  their  proportions  from  eight  to  twelve 

~~  diameters  in  height,  and  arc  without  capitals.   They  are  generally  of  wood, 

ttanding  on  marble  or  stone  bases,  and  are  occasionally  polygonal  as  well 

aa  circular.      Some  arc  placed  on  moulded  bases. 

103.   The  palaces  are  constructed  on  nearly  the  same  plan.    Nothing,  ny 

the  missionaries  of  Pekin,  gives  a  more  impressive  idea  of  a  palace  and  tlie 

greatness  of  its  inhabitant,  whether  we  oonuder  its  extent,  ayinnietry,  elera- 

tioo,  and  uniformity,  or  whether  we  regard  it  for  the  splendour  and  magnifi- 

c«oceafiUparts,thsnthepalBceof  the  emperor  at  Pekin.    The  whole,  they 

siy,  produced  an  eOect  upon  them  lor  which  they  were  not  prepared.      It 

Kinin  occupietan  area  of  upwards  of  3600  ft.  fhimeaatto  west,  and  above  3000  ft. 

"*"  ""^         from  north  to  south,  without  including  the  three  fore-courts.      Mr.  Barrow, 

in  his  Actanmt  of  Lord  Micartiuj's  EmbatMy,  describes  it  as  a  vast  enclosure  of  a  rectangular 

brm,  surrounded  by  double  walls,  hsving  between  tliem  ranges  of  oflices,  nuered  by  rooft 

sloping  towards  the  interior.      The  included  area  a  occupied  by  buildings  iu>t  more  than 

...         ,  .  .  I     ..  .  .._       .  ..     f    ._- ■___  ._  ^^^  centres  of 
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iu  pn^ecting  roof  i>  aupporled  hy  ■  double  row  of  wooden  colunini,  the  iatervkli  betreen 
which,  in  «ch  row,  *re  filled  with  brickwork  to  Ihe  hnght  of  4  ft. ;  the  part  abore  tbe 
wmll  being  filled  in  with  Inttice  work,  eoTered  with  truupaient  paper.  The  courU  are 
intenected  b  j  canala  gpaaued  b;  leTeral  marble  bridgei.  Ttte  gateway!  or  the  quadrangle* 
are  adorned  with  marble  oolumna  on  pedeitals,  decorated  with  dragons.  The  courts 
contain  aculptured  lion*  7  ft  or  8  ft  high  ;  and  at  the  anglei  of  the  building,  aurrounding 
each  area,  are  aquare  towen,  two  storie*  high,  crowned  with  gallerie*.  "Ilie  reader  will 
find  a  ddincatlon  of  thli  eitraordinarj  building  in  Coudn'i  work,  Zhi  Genie  dt  L'ArtMtac' 
tmn,  ltd,  Faria,  IB98,  pi.  36.  The  peristylia  of  the  intetiot  buildingi  of  the  palace  are 
bnilt  upon  a  platform  of  white  marble,  abore  which  thej  are  raised  but  a  few  stepa ;  but 
thii  platform  ia  reached  bj  three  flights  of  marble  atepi,  decorated  with  tascs  and  other 


104.  It  i^  aaid  that  there  are  10,000  miao,  or  idol  templea  in  Pekin  and  its  eniirona. 
Some  of  these  are  of  coonderable  aiie,  others  are  more  distinguished  for  their  beauty  ;  there 
is,  bowerer,  no  sufficient  account  of  them,  and  we  shall  therefore  proceed  to  those  of  Canton, 
which  have  been  decribed  by  Chambers.  He  says  that  in  this  city  there  are  a  great  num- 
ber of  temples,  to  which  Europeans  uaually  apply  the  name  of  pagoda.  Some  of  these  arc 
small,  and  consist  of  a  single  chamber ;  others  stand  in  a  court  surrounded  by  corridors,  at 
the  extremity  of  which  the  ling,  or  idols,  are  placed,  Tbe  most  eitennye  of  these  pagoda* 
is  at  Ho-tang,  in  the  southern  nibtirb  of  Conan.  Its  interior  area  a  of  the  length  of  590  ft, 
its  width  250  ft.  'Hiis  area  is  surrounded  by  cells  for  900  borne*,  hsTing  no  tight  but  what 
is  obtained  fttim  Ihe  door*.  The  entrance  to  the  quadrangle  is  by  a  TestibtUe  in  the  middle 
of  one  of  the  short  iidn;  and  st  the  angles  are  buildings  30  ft,  square,  in  which  the  principal 
borne*  reside.  In  Ihe  middle  of  each  of  the  long  sides  is  a  rectangular  area,  aurrounded  by 
cells,  one  containing  the  kitchens  and  refectories,  and  the  other,  hospitals  for  animals,  and  a 
burying  ground.  Hie  great  quadrangle  contuns  three  pagodas  or  paiilions,  each  39  ft. 
square  on  the  plan.  They  consist  each  of  two  stories,  the  lowest  whereof  is  surrounded  by 
a  peristyle  of  tweDty-tbur  columns.  The  basement  to  each  is  6  ft.  high,  to  which  there  is  a 
flight  of  steps  on  each  side,  and  tbe  three  basements  are  connected  by  a  broad  wall  for  the 
purpoae  of  communication  between  them,  with  steps  descending  into  the  court.  Tbe  roof* 
of  the  peristylia  are  concave  on  the  exterior;  and  the  angles,  which  are  curved  upwarda,ar« 
decorated  with  animals.  The  sides  of  the  upper  (tory  are  fbrmed  with  wooden  posts,  filled 
in  with  open  framework.  Round  the  foot  on  the  exterior  is  a  balcony  with  a  rail  in  front. 
The  roof  resemble*  that  of  the  peristyle,  and  has  its  angles  similarly  ornamented.  The 
buildingi  are  all  coiered  with  green  famished  tiles. 

105.  Ilie  Chinese  towers,  which  also  Europeans  call  pagodas,  are  very  common  in  tbe 
country.     The   most  celebrated,  whereof  a  diagram  is  presented  here  (fig.  75.),  >■  thus 

described  by  P.  Le  Comte,  Its 
form  on  the  plan  is  octagonal, 
and  40  ft  in  diameter ;  so  that 
each  ude  is  15  ft.  It  is  sur- 
rounded by  a  wall  at  a  distance 
of  15  A.,  bearing,  at  a  moderate 
height,  a  roof  corered  with  var- 
nished tilrs,  which  seems  to  rise 
out  of  the  body  of  the  tower, 
forming  a  gallery  below.      The 

>  each  ornamented  with  a  oomics 
I  of  S  ft  at  the  level  of  tbe  win- 
'  dows,  snd  ea^  with  a  roctf  n- 
1^  milar  to  that  of  the  gallery,  ex- 
si.  eept  that  they  do  not  project  so 

'*■  a™— «  .  •■  "«>»-  much,  not  being  supported  by  a 

second  wall.  They  grow  smaller  as  the  stories  rise.  Tbe  wall  of  the  ground  story  is  1 3  ft. 
thick,  and  8}  ft.  high,  and  is  cased  with  porcelain,  whose  lustre  the  rain  and  dust  have  much 
ii^ured  in  the  course  of  three  centuries.  The  staircase  within  is  small  and  inconvenient,  tbe 
risers  being  extremely  high.  Each  floor  is  farmed  by  ttansverse  beams,  covered  with  plank* 
fbrming  a  chamber,  whose  ceiling  is  decorated  with  painting.  The  walls  are  hollowed  fbr 
numberless  niches,  containing  idols  in  bas-relief.  The  whole  work  is  gilt,  and  seems  c^ 
msrble  or  wrought  stone  ;  but  the  author  thinks  it  of  brick,  which  the  Chinese  are  ex- 
tremely skilful  in  moulding  with  ornaments  thereon.  The  first  story  is  the  highest,  but  tbe 
rest  are  equal  in  height.  "  I  counted."  says  M.  Le  Comte,  "  190  steps,  of  ten  flill  inches 
each,  which  make  I5S  ft  If  to  thi*  we  add  the  height  of  the  basement,  and  that  t^  tbe 
ninth  story,  wherein  there  are  no  steps,  and  Ihe  covering,  we  shall  find  that  the  whole 
exceeds  a  height  of  300  ft.  The  roof  is  not  the  least  of  the  beauties  which  this  lower  boast*. 
It  consists  of  a  thick  mast,  whose  fool  stands  on  the  eighth  floor,  snd  rises  thirty  lleet  ftom 
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the  oulnde  of  the  building,      ll  appean  enveloped  in  a  lar^  spiral  band  of  iron,  clear  hj 
HTenl  feet  from  tLe  pole,  on  whose  apei  u  a  gilt  globe  of  extraordinary  diTnenaions. 

106.  The  word  tower  hai  been  Taguelf  applied  to  all  these  building! ;  but  in  China 
there  arc  diflereucn  in  their  application,  which  are  eluaed  under  three  h«ds:  —  1.  Tbi,  or 
platlbrnu  lor  astronocnical  or  meteorol<^cal  oburrationi,  or  for  eiijoying  the  jdr  and  Iftnd- 
■cape.  2.  Htm,  nicb  afl  that  juit  deaeribed  la  detail,  being  edifices  of  lereral  storieK,  iwUtcd 
and  circular,  square  and  poljgonal  on  the  plan,  built  of  difiTerent  materials  in  different  places. 
S.    7h,  which  are  sepulchral  towers.     These  are  commonly  masaiie,  of  (tratige  but  simple 

107.  The  nqr-faM,  or  (riumpbal  arches  of  the  Chinese,  are  to  be  found  !n  every  city, 
They  are  erecied  to  celebrate  particular  crenta.  Those  at  Nixg-po  are  with  a  central  and 
two  (mailer  nde  openings,  and  are  omameDled  with  polygonal  stone  columns,  supporting 
an  entablature  of  three  or  four  bsclie.  These  are  usually  without  mouldings,  the  last  but 
one  eicepted,  which  is  a  species  of  fiieae  tilled  with  inicriptions.  They  are  crowned 
with  roo&  of  the  usual  form,  baring  broad  projections,  whose  angles  are  turned  upwards. 
The  apertures  are  sometimes  square,  and  sometime*  circular  headed. 

108.  China  abounds  in  bridges ;  but  Du  Halde  and  the  missionaries  haie  made  more  of 
ihem  in  tbeir  accounts  than  they  appear  to  deaerre.  What  they  haie  described  as  a  bridge 
ot  ninety-one  arches  between  Soo-cbow  and  Hang-chow,  was  passed  by  Lord  Macartney, 
and  found  to  be  nothing  more  than  a  long  causeway.  Its  highest  arch,  howeTer,  was  sup* 
posed  to  be  between  SO  ft.  and  30  ft  high,  and  its  length  about  half  a  mile.  Some  of  their 
bridges,  bowerer,  as  in  the  case  of  that  obserred  by  the  late  Sir  George  Staunton  (tdI.  ii. 
p.  177.),  are  skilfully  constructed.  They  haie  long  been  acquainted  with  the  use  of  the 
areb  composed  of  wedge-shaped  Toussoirs,  perhaps  long  before  it  wm  known  in  Europe. 
Their  great  wall  it  one  of  their  most  remarkable  monuments.  It  conmstl  of  an  earthen 
mound,  retained  on  each  aide  by  walls  of  brick  and  masonry,  with  a  terraced  platform  of 
square  bricks.      Its  total  height  is  9D  ft.,  mcluding  a  parapet  of  5  ft      The  thickness  at  the 

base  is  S£  ft.,  and  it  diminishes 
to  15  ft.  at  the  platform.  The 
towers  on  it,  at  interrals  of  about 
SOO  paces,  are  40  ft.  square  at 
the  base,  diminishing  to  30  ft 
at  the  top ;  and  their  height  is 
about  3Tft  Someoflhetowers, 
however,   are  48    ft.  higb,  and 

tends  from  the  province  oT  Sben- 

ffi  to  the    Wanghay,  and  in  a 

length    of   15O0  miles    is  con- 

"«•"•■  »Mi  •..*»(«>•.  ducted  over  mountuns,  valleys, 

and   rivers,  often  in  places  inaccesable  to  an  enemy.      (Seejls.76.) 


109.  The  architedure  of  the  people  who  had  possession  of  America  before  its  diseorery 
by  Columbus  has  a  considerable  claim  upon  our  attention.  When  a  people  appears  to  have 
had  no  means  of  modellmg  their  ideas  through  study  of  the  eiisting  monuments  of  older 
nation,  oor  of  preserving  any  traces  of  the  style  of  building  practised  by  the  race  from 
which  they  originated,  their  works  may  be  eipected  to  possess  some  novelty  in  the  mode  of 
combination  or  in  tbe  nature  <^  the  objects  combined ;  and.  In  this  point  of  view,  American 

of  the  human  mind  when  unbiassed  by  example  in  the  art 

1 10.  North  America  was  found  by  the  Spaniards  advanced  in  agriculture  and  civilisation, 
■nd  more  espcwilly  so  In  the  valleys  of  Meiico  and  Oaiaca.  These  provinces  seem  to  have 
been  traversed  by  different  migratory  tribe^  who  left  behind  them  traces  of  cultivation.  It 
is  not  our  intention  here  to  discuss  the  mode  of  the  original  peopling  of  America ;  but  we 
must,  in  pawng,  observe  that  the  vicinity  of  the  conlinenu  of  Asia  and  America  is  such  as 
to  induce  us  to  remind  the  reader  that  one  of  the  swarms,  which  we  mentioned  in  the 
section  on  Diuidical  and  Celtic  Architecture,  might  have  moved  in  a  direction  which  ulti- 
matdy  brought  them  to  that  which,  in  modem  times,  has  received  tbe  name  of  tbe  New 
World.  Tbe  Toultecs  appeared  in  648,  making  roads,  building  cities,  and  eonstrueting 
grot  pyramids,  which  are  yet  admired.      They  knew  the  use  of  hieroglypbical  puntings. 
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bundad  meUlii,  and  were  able  (o  cut  the  hardeat  st 
appeared  in  1 1 96,  and  leem  Id  have  had  a  limilar  c 
they  attest  the  infancv  of  art,  bear  a  striL 
..:„fi: J  _ ^^       fi 1_:J  _ji -   .. 


ic.  {Hoitixidt,  Ntm  Sjiai».)  The  AHec 
liar  origin  and  language.   Their  vorks,  thougl 

e  people  \a  the  forma^  opinions,  and  custom 
which  habit  had  renden 
and  militar;  deipotisni. 

1 1 1.   The  ediiicea  erected  by  the  Meiicana  for  religioiu  purpoKa  were  aolid  manes  of 
earth  of  a  pyramidal  ihape,  partly  fiued  with  atone.     They  were  called  TtoeiUU  (Housei 
of  God).      That  of  ancient   Mexico,  318  ft.   at  the  baae  and  121  ft.  in  height,  conr'— - 
of  Are  atoriea  ;  and,  when  acen  at  a  diataooe,  ao  truooated  waa  the  pnamid  that  the  m 
mcnt  appeared  an  enornioua  cube,  with  amall  altara  covered  by  wooden  cupolaa  on  the 
The  place  where  Iheae    cupola*   terminated  waa  elevated  ITT  ft.  above  tb 
edifice  or   the   pavi 
enclosure.       Hence  we    may  ob. 
aerve  that  the  Teocalli  waa  very 
',    similar  in  form  to  the  ancient  mo- 
nument  of   Babykin,    called   the 
Mausoleum  of  Betu*.     The  pyr«> 
.    mida   of  Teatihuacan   (,fig.  11.), 
'   which  still  remain  in  the  Mexican 
Valley,  have  their  faces  within  S2 
^    minutes  of  a  degree  of  the  cardi- 
nal points  of  the  compass.    Thnr 
Fis-  ?T.  im.Biia  f  [»«....««..  interior  ia  clay,  mixed  with  small 

'ered  with  a  thick  wall  of  porous  amygdaloid.      Traces   ace 
rhich  externally  covers  the  stone. 

,     ,  -    —  ...     .         .       , ^j  temple  in 


[lerceived  of  a  bed  of 

112.   The  great  pyramid  of  Cholula  (fig.  7S.>,the  largest  and  mott 

--^.^  Mexico,    appears, 

-       ,—                 ___  ^^^^ 


s  pyr 


midal 


at  Paris  covered  with  bricks  to  a  I 
and  the  length  of  a  side  oT  the  bai 
Sul^mned  ia  a  comparatiTC  slatem 


form  becomea  d 

the  four  ctories  whereof  it  ranaixts, 
though  they  are  covered  with 
vegetation.  Humboldt  compares 
it  to  a  square  whose  base  ia  four 
■«■""■  limes  Ihst  of  the  Place  Vendome 

ight  twice  that  of  the  Louvre.  Theheightof  it  islTT  ft., 
1423  ft..  There  is  a  flight  of  120  slepa  to  the  platform. 
It  of  the  Egyptian  and  Meiiean  pyramids ;  — 


Ec,-™„. 

"■-■■     1 

Hi^Khtinrpcl    -       • 

CI.K.P.. 

Cephrena. 

Mjcerinut. 

Sucus 
<ofa.e««i«). 

€..». 

The  Cholula  pyramid  is  oonstrueted  with  unburnt  bricks  and  clay,  in  alternate  layers. 
As  in  other  TtoaJIU,  there  are  cavities  of  oonudcrable  aiie,  intended  tor  aepulchres.  In 
autting  through  one  side  of  it  to  form  the  present  road  &om  Puebia  to  Mexico,  a  aquare 
ehamb«r  was  discovered,  buitt  of  stones,  and  supported  hy  beams  of  cypress  wood.  Two 
tkeletons  were  Ibund  in  it  and  a  number  of  curiously  punted  and  varnished  vases.  Hum- 
boldt, on  an  examination  of  the  iiiins,  observed  an  arrangement  of  the  bricks  for  the  purpose 
of  diminishing  the  pressure  on  the  roof,  by  the  toiling  evtr  of  the  bricks  horiiontally.  The 
'  area  on  the  top  contains  3^00  square  yards,  and  was  occupiffi  by  the  Temple  of  Q.uet>al. 
CDatI,  the  God  of  Air,  who  has  yielded  his  place  to  the  Virgin.  B;  the  way,  we  may  here 
mention  that  tumuli  are  found  in  Vir^^ia,  Canada,  and  Peru,  in  which  there  arc  galleries 
built  of  stone  communicating  with  each  other  by  shafts ;  but  these  are  not  surmoimted  by 
temple*. 

1  la.  In  the  northern  part  of  the  intenaancy  of  Vera  Crux,  west  from  the  mouth  of  the 
Rio  Tecolutla,  two  leagues  distant  from  the  great  Indian  village  of  Papantla,  we  meet 
with  a  pyramidal  cdiSce  of  great  antiquity.  The  pyramid  of  Papantla  remained  unknown 
to  the  first  conquerors.  It  ia  aeated  in  the  middle  of  a  thick  fbreat,  and  waa  only  discovered 
by  aome  hunters  about  thirty-five  years  ago.  It  ia  conatructed  of  immense  blocks  of  stone 
bud  in  mortar  ;  but  ia  not  ao  remarkable  tor  its  siie  aa  for  its  form  and  the  perfection  of 
ita  finish,  being  only  SO  tt  square  at  the  base,and  not  quite  60  ft  high.    A  flight  of  fifty-seven 
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steps  leads  to  the  truncated  pyramid.  Like  all  the  Mexican  teocalHs,  it  is  composed  of 
stages,  six  whereof  are  still  distinguishable,  and  a  seventh  appears  to  be  concealed  by  the 
vegetation  with  which  its  sides  are  covered.  The  fiicing  of  the  stories  is  ornamented 
with  hieroglyphics,  in  which  serpents  and  crocodiles,  carved  in  relievo,  are  discernible. 
Each  story  contains  a  great  number  of  square  niches  symmetrically  distributed.  In  the 
first  story  twenty-four  are  on  each  side ;  in  the  second,  twenty ;  and  in  the  third,  sixteen. 
The  number  of  these  niches  in  the  body  of  the  pyramid  is  366,  and  there  are  twelve  in  the 
stairs  towards  the  easL 

114.  The  military  intrenchment  of  Xochiculco,  near  Tetlama,  two  leagues  south-west 
of  Cuernavaca,  is  another  remarkable  ancient  monument.  It  is  an  insulated  hill,  370  ft. 
high,  surrounded  with  ditches  or  trenches,  and  divided  by  the  hand  of  man  into  five  terraces 
covered  with  masonry.  The  whole  has  the  appearance  of  a  truncated  pyramid,  whereof 
the  four  faces  are  in  the  cardinal  points  of  the  compass.  The  masonry  is  of  porphyry,  very 
regularly  cut,  and  adorned  with  hieroglyphics ;  among  which  are  to  be  seen  a  crocodile 
pouting  up  water,  and  men  sitting  cross-legged  after  the  Asiatic  fasliion.  On  the  plat- 
form, which  is  very  large,  is  a  small  square  edifice,  which  was  most  probably  a  temple. 

115.  Though  the  province  of  Oaxaca  contains  no  monuments  of  ancient  Aztec  architec- 
ture, which  astonish  by  their  colossal  dimensions,  like  the  houses  of  the  gods  of  Cholula, 
Pkpautla,  and  Teotihuacan,  it  possesses  the  ruins  of  edifices  remarkable  for  their  symmetry 
and  the  elegance  of  their  ornaments.  The  antiquity  of  them  is  unknown.  In  the  district 
of  Oaxaca,  south  of  Mexico,  stands  the  palace  of  Mitla,  contracted  from  MignitUmf  signi- 
fying, in  Aztec,  the  place  of  woe.  By  the  Tzapotec  Indians  the  ruins  are  called  Uchoj  or  luiva 
(burial,  or  tomb),  alluding  to  the  excavations  found  beneath  the  walls.  It  is  conjectured  to 
have  been  a  palace  constructed  over  the  tombs  of  the  kings,  for  retirement,  on  the  death  of 
a  relation.  The  tombs  of  Mitla  are  three  edifices,  placed  symmetrically  in  a  very  romantic 
situation.  That  in  the  best  preservation,  and,  at  the  same  time,  the  principal  one,  is  nearly 
ISO  ft.  long.  A  staircase,  formed  in  a  pit,  leads  to  a  subterranean  apartment,  88  ft.  in 
length,  and  26  ft.  in  width.  This,  as  well  as  the  exterior  part  of  the  edifice,  is  decorated 
with  ftet,  and  other  ornaments  of  similar  character  {Jig,  79.).      But  the  most  singular 

c^  V,  f\  feature  in  these  ruins,  as  com- 

'"K^'^.^e^  .^Hl?'^^^  .*>  :>    r        P*^?    '*'***'    °^^^^     Mexican 

(  .^.j^^^^t^^^^^rtfjPN    ^'^Ini'''*^"  ^^^^'%   i'^'^^^^i^Sts     architecture,  was  the  discovery 

of  six  porphyry  columns,  placed 
for  the  support  of  a  ceiling,  in 
the  midst  of  a  vast  hall.  They 
are  almost  the  only  ones  which 
have  been  found  in  the  new 
continent,  and  exhibit  strong 
marks  of  the  infancy  of  the 
art,  having  neither  base  nor  ca- 
pital. The  upper  part  slightly 
diminishes.    Their  total  height 

/      0^^=^      if-«tW^  A_ffi»ismrfWb  ^^MSi^j?^      «  19  ft-»  >n  «ng'e  blocks  of 
^A'^f^*!!^J^¥Ss^^^^  S^fe^^^*wS^B:=^  «^  .r-y-  '^^        porphyry.     Tlie  ceiling  under 
ti«.:».  OMAM.XT.  AT  T,,.  PAiocK  or  «iT.^.  ^j^j^jj   ^hcy  wcrc  placed  was 

formed  by  beams  of  Savine  wood,  and  three  of  them  are  still  in  good  preservation.  The 
roof  is  of  very  large  slabs.  Tlie  number  of  separate  buildings  was  originally  five,  and 
they  were  disposed  with  great  regularity.  The  gate,  whereof  some  vestiges  are  still  dis- 
cernible, led  to  a  court  150  ft.  square,  which,  from  the  rubbish  and  remains  of  subter- 
ranean apartments,  it  is  supposed  was  surrounded  by  four  oblong  edifices.  That  on  the 
right  is  tolerably  preserved,  the  remains  of  two  columns  being  still  in  existence.  The  prin- 
cipal building  had  a  terrace,  raised  between  three  and  four  foet  above  the  level  of  the  court, 
and  serving  as  a  base  to  the  walls  it  surrounds.  In  the  wall  is  a  niche,  with  pillars,  four  or 
five  feet  above  the  level  of  the  floor.  The  stone  lintel,  over  the  principal  door  of  the  hall, 
is  in  a  single  block,  1 S  ft.  long  and  3  ft.  deep.  The  excavation  is  reached  by  a  very  wide 
staircase,  and  is  in  the  form  of  a  cross,  supported  by  columns.  The  two  portions  of  it, 
which  intersect  each  other  at  right  angles,  are  each  82  ft.  long  by  25  ft.  wide.  The  inner 
court  is  surrounded  by  three  small  apartments,  having  no  communication  with  the 
fourth,  which  is  behind  the  niche.  The  interiors  of  the  apartments  are  decorated  with 
paintings  of  weapons,  sacrifices,  and  trophies.  Of  windows  there  are  no  traces.  Humboldt 
was  struck  with  the  resemblance  of  some  of  the  ornaments  to  those  on  the  Etruscan  vases 
of  Lower  Italy.  In  the  neighbourhood  of  these  ruins  are  the  remains  of  a  large  pyramid, 
and  other  buildings. 

116.  In  the  intendency  of  Sonora,  which  lies  north-west  of  the  city  of  Mexico,  and  in 
the  Gulf  of  California,  on  the  banks  of  the  Rio  Gila,  are  some  remarkable  ruins,  known  by 
the  name  of  the  Cewi  Grands,  They  stand  in  the  middle  of  the  vestiges  of  an  ancient  Aztec 
city.     The  sides  are  in  the  directicm  of  the  four  cardinal  points,  and  are  445  ft.  from  north 
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to  south,  and  276  ft  from  eut  to  west  The  materiab  are  unburned  brick,  •ymmctriodly 
arranged,  but  unequal  in  use.  The  walls  are  4  ft.  in  thickness.  The  building  was  of 
three  stories.  The  principal  edifice  was  surrounded  bj  a  wall  with  towers  in  it  at  intenrals. 
From  vestiges  which  appear,  it  is  supposed  the  town  was  supplied  with  the  water  of  the 
Rio  GiUy  by  an  artificiid  canal.  The  plain  in  the  neighbourhood  u  covered  with  broken 
earthen  pottery  painted  in  white,  red,  and  blue  colours. 

117.  The  capital  of  Mexico,  reconstructed  by  the  Spaniards,  u  undoubtedly  one  of  the 
finest  cities  ever  built  by  Europeans  in  either  hemisphere.  Perhaps  there  scarcely  exists  a 
city  of  the  same  extent  which,  for  the  uniform  level  of  the  ground  on  which  it  stands,  for 
the  regularity  and  breadth  of  the  streets,  and  the  extent  of  its  great  8quare,can  be  compared 
to  the  capital  of  New  Spain.  The  architecture  is  pleasing.  Ornament  is  sparingly  applied 
to  it ;  and  the  sorts  of  stone  employed,  which  are  a  porous  amygdaloid  called  tetzontH,  and 
a  porphyry  of  vitreous  lekUspath,  without  any  quarts,  give  to  the  Mexican  buildings  an  air 
of  solidity,  and  sometimes  even  of  magnificence.  Hie  wooden  balconies  and  galleries  which 
disfigure  the  European  cities  in  both  the  Indies  are  discarded.  The  balustrades  and  gates 
are  all  of  Biscay  iron  ornamented  with  bronse ;  and  the  houses,  instead  of  roofr,  have  terraces, 
like  those  in  Italy  and  other  southern  countries.  It  must,  however,  be  admitted,  notwith- 
standing the  progress  of  the  arts  there  during  the  last  thirty  years,  that  it  is  less  fitmi  the 
grandeur  and  beauty  of  the  edifices,  than  trm  the  breadth  and  straightness  of  the  streets, 
and  their  uniform  regularity  and  extent,  that  Mexico  commands  the  admiration  of  Eu- 
ropeans. 


SscT.  X. 

AKABIAK,   MORKSQCS,   Oa    SARACBKIC    ARCHITECTDRZ. 

118.  Before  the  appearance  of  Mahomet  in  the  seventh  century,  and  tlie  consequent 
establishment  of  Islamism,  the  Arabians  were  by  no  means  celebrated  for  their  skill  in 
architecture.  The  beautiful  country  of  Happy  Yemen,  wherein  were  seated  the  most 
ancient  and  populous  of  the  forty-two  cities  of  Arabia  enumerated  by  Abulfeda,  docs 
not  appear  to  have  produced  what  might  have  been  expected  firom  the  neighbours  of  the 
Egyptians,  Syrians,  Chaldeans,  and  Persians.  The  arts  of  the  surrounding  nations  seem 
to  have  been  lost  upon  them.  Though  a  part  of  their  time  and  industry  was  devoted  to 
the  management  of  their  cattle,  still  titey  were  collected  into  towns,  and  were  employed  in 
the  labours  of  trade  and  agriculture.  The  towers  of  Saana,  compared  by  AbulfiMla  to 
Damascus,  and  the  marvellous  reservoir  of  Merab,  were  constructed  by  the  kings  of  the 
Homerites,  who,  after  a  sway  of  two  thousand  years,  became  extinguished  in  50S.  The 
latter,  the  Meriaba,  mentioned  by  Pliny  as  having  been  destroyed  by  the  l^ons  of  Au- 
gustus, was  six  miles  in  circun&rence,  and  had  not  revived  in  the  fourteenth  century. 
"  But**  9Ays  Gibbon,  **  the  profime  lustre  of  these  was  eclipsed  by  the  prophetic  glories  of 
Medina  and  Mecca.**  Of  the  ancient  architecture  of  Arabia  there  are  so  few  examples 
remaining,  that  no  satisfiujtory  account  can  be  given  of  it.  Excavations,  still  seen  in  rocks, 
are  said  to  be  the  houses  of  the  people  called  Hiamud ;  but  the  Caaba  of  Mecca  is  the 
only  one  of  the  seven  temples  in  which  the  Arabians  worshipped  their  idols  now  in 
existence.  It  is  a  quadrangular  building,  about  36  ft.  long,  34  ft.  broad,  and  about 
40  ft  high.  It  18  lighted  by  a  door  on  the  east  side,  and  by  a  window,  and  the  roof  is 
supported  by  three  octangular  pillars.  I^nce  its  adoption  by  Mahomet  it  has  been  enclosed 
by  the  caliphs  with  a  quadrangle,  round  which  are  porticoes  and  apartments  for  the  pil- 
grims resorting  to  it.  Here  were  the  tombs  of  the  eighty  descendants  of  Mahomet  and  of 
his  wife ;  but  >n  1803,  they  were  destroyed  by  the  Wahabees,  who,  however,  respected 
and  spared  the  Caaba  and  its  enclosures. 

119.  The  extraordinary  conquests  from  the  Indus  to  the  Nile,  under  Omar,  the  second 
caliph,  who,  after  a  reign  of  ten  years,  died  in  a.  d.  644,  brought  the  victorious  Moslems  in 
contact  with  nations  then  much  more  civilised  than  themselves.  As  their  empire  extended, 
tiieir  love  for  the  arts  and  sciences  increased.  The  first  mosque  built  out  of  the  limits  of 
Arabia  is  supposed  to  be  that  which  was  founded  by  Omar  on  the  site  of  the  ancient 
temple  at  Jerusalem.  Under  the  dynasty  of  the  Oramiades,  of  which  race  Omar  was  a 
member,  the  cultivation  of  architecture  was  carried  on  wiUi  success.  The  seat  of  the 
empire  was  removed  to  Damascus,  which  was  considerably  enlarged  and  improved.  Among 
its  numerous  splendid  buildings  was  the  celebrated  mosque  founded  by  Alwalid  II.  It  was 
he  who  introduced  the  lofty  minaret,  which,  though  an  innovaticm  at  the  time,  seems,  in  later 
years,  to  have  been  as  necessary  a  portion  of  the  mosque  as  the  main  body  of  it.  This 
caliph  made  condderable  additions  to  the  mosque  at  Medina,  as  he  also  did  to  that  which 
had  been  built  by  Omar  on  the  site  of  the  Temple  of  Solomon,  above  mentioned.  His 
generals  and  governors  of  provinces  seem  to  have  been  equally  zealous  in  the  cause  of  art 
and  the  prophet ;  witness  the  mosque  built  by  one  of  the  former  on  taking  Samarcand,  and 
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the  univenal  improvement  in  the  provinces  under  the  sway  of  the  Utter.  GreAt  es  were 
the  works  just  mentioned,  the  removal  d  the  seat  of  the  empire  to  the  western  frontier  of 
Persia,  by  the  second  caliph  of  the  dynasty  of  the  Abassi<ks,  gave  a  lustre  to  Arabian 
architecture  which  almost  surpasses  belief.  Almansor,  the  brother  and  successor  of  Saflfah, 
laid  the  foundations  of  Bagdad  in  the  year  145  from  the  H^ira  (a.  d.  762),  a  city  which 
renuuned  the  imperial  seat  of  his  posterity  during  a  period  of  five  hundred  years.  The 
chosen  spot  is  on  the  eastern  bank  of  the  TigrtB,  about  fifteen  miles  above  Modain ;  the 
double  wall  was  of  a  circular  form ;  **  and  such,**  says  Gibbon,  <*  was  the  rapid  increase  of  a 
capital,  now  dwindled  to  a  provincial  town,  that  the  funeral  of  a  popular  saint  might  be 
attended  by  eight  hundred  thousand  men  and  sixty  thousand  women  of  Bagdad  and  the 
adjacent  YiUages.**  The  magnificence  displayed  in  the  palace  of  the  caliph  could  only  be 
exeeeded  by  that  of  the  Persian  kings ;  but  the  pious  and  charitable  foundation  of  cisterns 
and  caravanseras  along  a  measured  road  of  seven  hundred  miles,  has  never  been  equalled. 

190.  About  A.  D.  660*5,  the  prudence  of  the  victorious  general  Akbah  had  led  him  to 
the  purpose  of  founding  an  Arabian  colony  in  the  heart  of  Africa ;  and  of  forming  a 
citadel  that  might  secure,  against  the  accidents  of  war,  the  wealth  and  fiunilies  of  the 
Saracens.  With  this  view,  under  the  modest  title  of  a  caravan  station,  he  planted  the  colony 
of  Cairoan,  in  the  fiftieth  year  of  the  H^jira.  *'  When,**  observes  Gibbon,  *<  the  wild  beasts 
and  serpents  were  extirpated,  when  the  forest,  or  rather  wilderness,  was  cleared,  the  vestiges 
of  a  Roman  town  were  discovered  in  a  sandy  plain :  the  vegetable  food  of  Cairoan  is 
brought  from  afiur ;  and  the  scarcity  of  q>rings  constrains  the  inhabitants  to  collect,  in  cis- 
terns and  reservoirs,  a  precarious  supply  of  rain  water.  These  obstacles  were  subdued  by 
the  industry  of  Akbah  ;  he  traced  a  circumference  of  three  thousand  and  six  hundred  paces, 
which  he  encompassed  with  a  brick  wail ;  in  the  space  of  five  years  the  governor's  palace 
was  surrounded  with  a  suflicient  number  of  private  habitations ;  a  spacious  mosque  was 
supported  by  five  hundred  columns  of  granite,  porphyry,  and  Numidian  marble." 

121.  "In  the  West,  the  Ommiades  of  Spain,**  says  the  same  author,  "supported  with 
equal  pomp  the  title  of  Commander  of  the  Faithful.  Three  miles  from  Cordova,  in  honour 
of  his  fiiithful  Sultana,  the  third  and  greatest  of  the  Abdalrahmans  constructed  the  city, 
palace,  and  gardens  of  Zehra.  Twenty-five  years,  and  above  three  millions  sterling,  were 
employed  by  the  founder :  his  liberal  taste  invited  the  artists  of  Constantinople,  the  most 
skilful  sculptors  and  architects  of  the  age ;  and  the  buildings  were  sustained  by  twelve 
hundred  columns  of  Spanish  and  African,  of  Greek  and  Italian  marble.  The  hall  of 
audience  was  incrusted  with  gold  and  pearls,  and  a  great  bason  in  the  centre  was  sur- 
rounded with  the  curious  and  costly  figures  of  birds  and  quadrupeds.**  The  streets  and 
bouses  at  this  place  are  hollowed  out  of  the  rock,  which  stands  1200  feet  above  them. 

122.  Whether  we  contemplate  the  materials  fbmished  by  Babylon  and  its  neighbour- 
hood, the  dismantled  towns  of  Syria,  or  the  abundant  ruins  of  Egypt,  and  from  Tripoli  to  the 
Atlantic,  it  is  curious,  as  the  historian  of  the  western  Arabs  has  remarked,  to  observe  that 
no  people  constructed,  without  recourse  to  the  quarry,  so  many  nuignifieent  edifices.  In 
Spain,  this  was  mosi  remarkably  the  case,  whereof  the  reader  will  be  convinced  by  reference 
to  Murphy's  AfXibian  Antiquitieay  and  Laborde*s  Voyage  Pittorfque  de  TEupapme. 

1 23.  From  the  latter  hidf  of  the  eighth  century  to  nearly  the  middle  of  the  nintli,  the 
prioress  of  the  Arabians  in  the  sciences  was  wonderful.  Their  merit,  however,  in  the  art 
which  it  is  our  province  to  investigate,  was  of  a  class  inferior  to  that  of  the  people  who 
invented  and  carried  into  execution,  though  later,  the  principles  which  regulated  the  stu« 
pendous  monuments  of  Gothic  architecture  in  Europe.  They  certainly  understood  the 
science  of  architecture ;  and  works  on  it  were  written  for  the  benefit  of  those  whose  occu- 
pations led  them  to  take  an  interest  in  the  art 

124.  We  regret  that  our  limits  do  not  permit  us  to  dwell  on  the  progress  in  the  sciences 
made  by  the  Arabians,  though  some  of  them  are  intimately  connected  with  our  subject. 
But  the  information  we  omit  will  be  much  more  satisfiictorily  obtained  by  the  reader  con- 
sulting the  pages  of  the  historian  of  the  decline  and  fall  of  the  Roman  Empire.  Our 
purpose  is  now  to  present  a  concise  view  of  the  architecture  of  the  Arabians  from  l4iborde*s 
Voyage  Pittoresque  de  VEapagne  (vol.  ii.  part  1.  xliii.  et  seq.);  observing,  by  the  way,  that, 
from  our  own  study  of  the  subject,  we  are  inclined  fully  to  adopt  it.  In  Spain  there 
is  a  suflScient  number  of  monuments  of  architecture  to  class  them  chronologicidly,  and  to 
assign  an  epoch  to  the  different  styles  they  exhibit.  Though  the  species  docs  not  resemble 
that  which  has  been  denominated  Gothic,  which  is  clearly  not  an  imitation,  the  one  and  the 
other  sprung  from  the  same  source.  The  point  of  departure  was  the  architecture  of 
Byzantium,  in  which  city,  after  the  fall  of  Italy,  a  totally  new  style  arose,  whose  develop- 
ment in  different  modes  was  the  basis  of  all  modern  architecture.  As  though  the  Coliseum 
had  furnished  the  hint,  the  immense  edifices,  in  the  style  of  the  period,  were  constructed 
with  a  multiplicity  of  stories,  —  they  were  heavy  without,  though  lightly  and  richly  deco- 
rated within ;  the  artists  employed  in  their  erection  seeming  to  aim  at  a  transference  to 
the  architecture  and  sculpture  on  which  they  were  engag^  of  the  oriental  profusion  of 
orimment  visible  in  the  stuffs  of  India.     This  Byzantine  school  produced  the  Iximbard  and 
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Saion  Myl«*  in  the  North,  on  *hieb  ve  diall  enlarge  in  the  lection  on  Gothic  architecture  { 
and,  in  the  South,  it  produced  the  Arabian,  Sanuenio,  or  Moreique  ityle,  bj  •hioherer  name 
the  reader  may  diooae  to  distinguiih  it.  Both  irere  itronglj  impregnated  with  the  licei 
and  delecti  into  which  the  Ronun  architecture  of  the  period  had  Ulen.  For  the  take  of 
illuMrating  what  we  mean,  we  re^,  »  eiamploi,  to  the  Batbi  of  Diocleuan,  to  that 
amperor'i  palace  at  Salona,  and  to  the  buildings  of  JuMinian  and  Tbeodoaiui,  —  from  all 
which  may  be  learned  the  abuaea  and  incongroitiea  vhioh  attendHl  the  &1],  not  only  of 
architecture,  but  of  all  the  other  ana.  We  find  in  them  aicb«  sprinting  from  eapitala, 
columni  without  entablatures,  and  even  ligiag  omamenta.  But,  witb  all  thti  perreruon 
of  taata,  the  general  form  of  the  plana  of  the  edifice*  altered  not :  that  of  the  temple* 
more  particulaily  continued  unchanged.  Some  great  conTuiaion  waa  nee t wary  before 
Ibejr  could  undergo  alteration,  and  >uch  wai  the  introduction  of  Chriatianity.  Thua,  aayi 
Sunt  Isidore,  the  basilica  suffered  transformation  into  the  Christian  church;  —  "Ba- 
silic*! olim  negotiis  plenie,  nunc  votis  pro  salute  susoeptis."  Of  this,  in  a  sueeeeding 
page,  we  ahall  have  more  to  say.  But  the  change  was  not  ooaGncd  to  the  basilica  i  the 
palace  and  domestic  dwelling  equally  partook  of  the  olteratUHi  of  wants.  The  Ramans, 
whilst  masters  of  the  world,  were  careless  in  protecting  their  cities  by  walla.  Defence  waa 
only  neeessary  on  their  frontiers  \  and  there,  walls  and  towers  were  constructed,  from  which 
wss  the  Brst  bint  for  the  castle,  of  which  the  Roman  villa,  fartiJM,  is  the  type.  When, 
however,  Italy  was  invaded,  the  bte  of  war  soon  caused  exterior  deooration  to  be  sacrificed 
to  internal  comfort  and  luxury  ;  and  even  Rome,  under  Belitariua.  was  surrounded  by  walla 
and  towers.  The  people,  whose  prowess  made  these  precautiona  necessary,  soon  Ibuad  the 
convenience  of  adopting  nmilar  habits  and  building*. 

lis.  The  Arabians,  whose  wandering  life  could  scarcely  be  imagined  capable  of  sucb  a 
change,  ultinutely  estsbUshed  themselves  in  Roman  castles,  and  turned  the  ChrisUan 
ohurches,  which,  at  the  period,  were  extremely  numerous,  into  mosques.  For  some  time, 
the  architeolure  of  the  Goths,  of  the  Arabians  or  Moors,  was,  a*  reapects  plan,  the  same ; 
not  less  so  was  the  character  of  the  ornaments  employed  by  both  nations ;  but  it  was  not 
long  before  these  diverged  into  styles  which  possessed  each  its  peculiar  beauties.  Ttie 
Christians  soon  used  the  pointed  arch  ;  and  the  style  they  adopted  became  slender  and 
tall,  whilst  that  of  the  Moatems,  from  the  nature  of  the  climate  and  thnr  peculiar  habits, 
was  deficient  in  elnation,  though  in  the  end  it  acquired  a  ligbtneia  and  elennee  which  it 
did  not  at  its  origin  poaaess.  But  it  i*  proper,  here,  to  itnpreas  on  the  mincf  of  the  reader 
that  Gothic  and  Arabian  architecture  have  nothing  in  common  between  them,  eicept  their 
origin  from  a  common  source.  It  ia  an  error  to  sonfbund  them,  or  to  suppose  that  the 
pointed  arch  is  found  in  any  strictly  Arabian  edifices.  That,  as  br  as  we  can  ascertain,  did 
not  exist  before  the  eleventh  century.  It  seems  to  have  been  a  development  in  the  parts  of 
a  style  which,  a*  it  passed  into  more  northern  latitude*,  became  more  acute  in  the  roo&, 
from  the  necessity  of  discharging  the  rain  and  snow  with  greater  &cility.  This  pointed 
style  spread  itself  over  some  parts  of  India ;  but,  there,  none  of  the  examples  are  older  than 
the  fourteenth  or  fifteenth  century.  Except  in  ornamental  detail,  whereof  we  append  two 
specimens  {figi.  SO,  SI.)    fhim  the  Alhambra,  the  Arabs  were  not  inveDtive.      It  is  not 
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unlikely  that  their  skill  in  greometrj  greatly  assisted  them  in  the  extraordinary  combination 

of  lines  to  be  found  in  their  decorations,  which  nothing  can  surpass ; 
nor  was  it  till  the  time  of  the  Abassides  tliat  the  Arabians  became 
fully  acquainted  with  what  had  been  done  by  the  Greeks.  This 
knowledge  was  not  confined  to  them,  for  there  is  abundant  proo^ 
1 .  That  all  the  modern  arts,  as  weU  of  the  Nortli,  as  of  the  West 
and  South,  had  their  origin  from  the  Greek  empire  at  Constantinople, 
which  at  that  period  gave  the  fashion  in  them,  as  did  Italy  five  cen- 
turies afterwards.  2.  That  the  plans  of  churches  and  mosques  are 
traceable  to  that  of  the  ancient  basilica,  as  in  the  citadels  of  the 
middle  ages,  and  the  palaces  of  the  Greek  emperors,  are  to  be  found 
the  types  of  the  Gothic  castle  and  of  the  Moresque  alcazar.  3.  That 
the  Gothic  and  Saracenic  styles  attained  their  several  perfection  in  very 
'  different  manners  as  to  the  details  of  their  distribution  and  ornament, 

and  acquired  peculiar  characters,  which  in  both  may  be  divided  into  three  periods,  the  last  in 

each  b^ng  lost  in  the  change  that  took  place  in  Italy  on  the  revival  of  the  arts.     The 

periods  of  the  Gothic  will  be  noticed  under  the  proper  section. 

156.  The /ini  period  in  the  history  of  Moresque  architecture  is  from  the  foundation  of 
IshuEiism  to  the  ninth  century,  of  which  the  £nest  example  was  the  Mosque  of  Cordova  in 
Spain.  This  was  conomenced  in  770  by  Abderahman,  and  finished  by  his  son  and  successor, 
Htsham.  Its  plan  is  a  parallelogram,  whoee  longest  side  is  620  ft.  by  440,  formed  by  a  wall 
and  counterforts,  both  of  which  are  embattled.  The  height  of  the  wall  varies  from  35  to 
€OtL,  and  its  thickness  is  8  ft.  The  whole  of  the  quadrangular  space  is  internally  divided 
into  two  parts,  via.  a  court  of  210  ft.  in  depth,  the  mosque  itself  covering  the  remunder  of 
the  area.     The  masque  consists  of  nineteen  naves  (of  a  portion  of  one  whereof  Jip.  82.  is  a 

diagram)  formed  by  seventeen  ranks  of  columns  from  souUi  to  north, 
and  thirty-two  narrower  naves  from  east  to  west.  Each  of  these  naves  is 
aboiit  16  ft.  wide  from  north  to  south,  and  about  400  ft.  long,  their  width 
in  the  opposite  direction  being  leas.  Thus  the  intersection  of  the  naves 
with  each  other  produces  850  columns,  which,  with  fifty-two  columns 
in  the  court,  form  a  total  of  upwards  of  900  columns.  They  are  about 
18  in.  in  diameter,  the  mean  height  of  them  is  about  15ft.,  and 
they  are  covered  with  a  species  of  Corinthian  and  Composite  capital,  of 
which  there  are  many  varieties.  The  columns  have  neither  socle  nor 
base,  and  are  connected  by  arches  from  one  to  another.  Tlie  ceilings 
are  of  wood,  painted,  each  range  forming,  on  the  outside,  a  small  roo^ 
separated  from  those  adjoining  by  a  gutter.  The  variety  of  the  marbles 
of  the  columns  produces  an  effect  of  richness  which  all  agree  is  very 
striking.  They  were  most  probably  procured  from  the  Roman  ruins  of  the  city.  It 
is  impossible  to  pass  over  the  description  of  this  mosque  without  calling  to  mind  the 
resemblance  it  bears  in  its  arrangement  to  the  basilicas  at  Rome.  The  reader  who  has 
seen  St.  Agnese  and  St.  Paolo  friori  le  mura,  we  are  sure,  will  think  with  us.  After  the 
conquest  of  Cordova  in  1236,  this  mosque  was  converted  into  a  cathedral.  In  1528,  it  was 
modi  disfigured  by  modem  erections,  which  were  necessary  for  better  adapting  it  to  the 
service  of  the  Christian  religion.  These,  however,  have  not  so  far  ruined  its  ancient  effect 
as  to  prevent  an  idea  being  formed  of  it  when  in  its  splendour.  The  decorations  throughout 
are  in  stucco,  painted  of  various  colours,  decorated  with  legends,  and  occasionally  gilt  like 
the  cburehes  ct  the  Lower  Empire. 

157.  In  the  seeoiwf  jwrtoet,  the  style  greatly  improved  in  el^pance.  It  lasted  till  the  close 
of  the  thirteenth  century,  just  before  which  time  was  founded  the  royal  palace  and  fortress 
of  the  Alhambra,  at  Granada  (Jig.  83.),  perhaps  the  most  perfect  model  of  pure  Arabian 
axcfaiteeture  that  has  existed*  During  this  period,  no  traces  of  the  Byzantine  style  are  to  be 
found.  An  exuberance  of  well-tempered  ornament  is  seen  in  their  edifices,  whose  distribution 
and  luxury  manifest  the  highest  de^ee  of  refinement.  Speaking  of  the  interior  of  the  building 
above  mentioned,  M.  de  Laborde  says,  that  it  exhibits  "  tout  ce  que  la  volupt^  la  grace, 
llndttstrie  peuvent  reunir  de  plus  agitable  et  de  plus  parfiitit."  After  passing  the  principal 
cntranfoe,  you  arrive  at  two  oblong  courts ;  one  whereof,  celebrated  in  Arabian  history,  called 
the  Court  of  the  Lions,  is  in  ^.  84.  represented  on  the  following  page.  This  court  is 
lOO  ft.  long  and  50  ft.  broad,  baring  128  columns  of  white  marble.  Round  these  two  courts, 
on  the  ground  floor,  are  disposed  the  apartments  of  the  palace.  Those  for  state  look  out 
towards  the  country  ;  the  rest,  cooler  and  more  retired,  have  openings  for  light  under  the 
interior  porticoes.  The  whole  is  on  one  plane,  the  walls  being  placed  so  as  exactly  to  suit 
the  plateau  of  the  roek ;  its  entire  length  is  about  2300  ft.,  and  breadth  600  ft.  The  doors 
mre  few  and  large,  and  iiie  windows,  except  on  the  side  where  the  landscape  is  most  magni- 

diiefly  towards  the  interior.     In  one  of  the  apartments,  the  Arabian  architect 
in  an  inscription,  given  his  reason  for  this  adoption,  in  the  following  terms :  —  **  My 
windows  admit  the  light,  and  exclude  the  view  of  external  objects,  lest  the  beauties  of 
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fnenti  tm  in  colour*  of  gold,  pink,  light  blue,  and  a  duik;  purple,  the  firil  colour  being 

nearest  the  eye,  (nd  the  laM  furtheat  from  it ;  the  general  aurlKe,  however,  ii  white.      Tlie 

wills,  to  the  heinlil  of  four  fcel,  were 

lined  with  veriauBlj  figured  end  colourtd 

porceliin  inouici,  u  were  Ihe  floort   The 

Arebi  of  the  Spaniah  caliphate  ippear 

to  have  known  ume  mode  of  preventing 

the  decay  of  paint  and  timber,   for  the 

painting  in  which  the  medium  for  the 

colour  u  not  oil,  retain  the  original  froh- 

nen  of  tlieir  coloun,  and  the  woodwork 

of  the  ceiling*  preienli  no  aymptoma  of 

dtcomporition.      It  haa  l>eea  conjectured 

that  the  aoundnei*  of  the  wood  Ihrougli. 

FK.x.        t~.r  »  «.  i™.,  .u..»M..  out  haiari*enfromtha  tree*  being  lonoed 

or  drained  of  their  up  at  Ihe  linw  of  felling  ;  but  it  may  be,  that  the  coaling  of  paint  ha*  had 

winie  effect  in  producing  the  reiult      Deaeription  convey*  no  notion  of  thii  eitiaordiiMrj 

edifice :    the  reader  who  wiihei  to  obtain  one  muit   refer  to  Murphy'a  work,  already 

1 28.  The  third  period  of  Aral)ian  architecture  is  from  the  end  of  the  thirteenth  centurv  to 
the  decline  of  the  Saracen  power  in  Spain.  During  a  portion  of  Ihii  period,  it  wai  used  by 
the  Spuiiardi  themtelfc*,  and  like  the  Gothic,  in  the  northern  and  middle  parti  of  Europe, 
waa  engrafted  on  Che  ityle  which  crept  from  lUly  into  all  eountriea  till  the  Reaaiaanee. 
During  thii  period  were  built  Ihe  castle*  of  Benavento,  Penafiel,  and  Tordesilla* ;  and  the 
alcazara  of  Segovia  and  Seville.  The  plana  continued  much  the  same  :  but  Greek  orn*. 
menta  began  to  appear,  with  Moreique  orchei  on  Corinthian  column*.  At  thia  time,  alaoi 
representations  of  the  human  figure  are  to  be  Bcctt,  which,  by  the  law*  of  Mahomet,  were 
itrictly  fbtbtdden.  There  was  a  charm  about  thi*  architecture  which  make*  one  almoat 
regret  that  reaaon  and  advance  io  civiliiation  have  citinguished  it. 

IS9.  We  are  not  to  look  to  the  works  of  the  Arsbiwa  tor  the  real  grandeur  which  U  eihi- 
iHled  in  the  work*  of  Egypt,  Greece,  or  Rome.  Brick  wai  the  material  moat  ukA.  When 
Motte  waa  employed,  it  waa  covered  with  a  coating  of  stucco.  In  their  constructive  com- 
Unation*  there  ii  nothing  to  surprise.  The  domes  which  crown  their  apartment*  are 
neither  lofty  nor  Urge  in  diameter,  neither  do  they  cihihit  extraordinary  mechanical  skilL 
The  Arabian  architects  tiecm  to  have  been  unacijuainled  with  the  science  of  roiling  vaults 

soft.,  which  would  not  have  rei]"ired  much  skill  lo  vault,  yet  we  find  the  ceiling*  of 
timber.  The  use  of  orders  wsa  unknown  to  them  ;  the  an^que  columns  which  tbey  intro- 
duced were  employed  a*  they  found  them,  or  imitations  of  them,  without  an  acquaintance 
with  the  type*  from  which  they  were  derived,  with  their  principles  or  proportions^    In  truth. 
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their  eolamnB  are  posts.  We  do  not  find,  in  the  forms  of  Arabian  art,  that  character  of 
originality  which  can  be  traced  from  local  causes.  The  Arabians  had  spread  themselves 
out  in  every  direction,  Blt  from  their  own  country,  in  which  they  had  never  cultivated  the 
hence  their  architecture  was   founded  upon  the  models  before  them,  which  the 

Bysantine  school  supplied.  Of  the  forms  of  their  arches, 
some  whereof  are  here  exhibited  (Jig,  85.),  the  most  favourite 
seems  to  have  been  the  horse-shoe  form.  They  may  be 
ranged  into  two  classes,  —  that  just  named,  and  the  other,  that 
wherein  the  curve  Is  of  contrary  flexure,  and  described  from 
several  centres.  Both  classes  are  vicious  in  respect  of  con- 
r%B.  8*.        ABABLur  AKHu.  structiou,  from  the  impossibility  of  gaining   resistance   to 

thrust  at  the  abutments.  In  masonry,  such  arches  could  not  be  executed  on  a  large  scale. 
In  brick  arches,  however,  the  surface  of  the  cement  is  so  increased,  that  if  it  be  good,  and  great 
care  be  used  in  not  removing  the  coitres  till  the  cement  is  set,  great  variety  of  form  iathem 
may  be  haxarded.  If  the  pleasure — perhaps  we  may  say  sensuality —  of  the  eye  is  alone  to  be 
catKBulted,  the  Arabians  have  surpassed  all  other  nations  in  their  architecture.  The  exquisite 
Uncs  on  which  their  decorations  are  based,  the  fiuitasticness  of  their  forms,  to  which  colour  was 
UMst  tastefully  superadded,  are  highly  seductive.  Their  works  have  the  air  of  fitiry  enchant- 
moit,  and  are  only  to  be  compared  to  that  imagination  with  which  the  oriental  poetry 
abounds.  The  variety  and  profusion  wherewith  they  employed  ornament  impart  to  the 
interior  massrs  of  their  apartments  the  appearance  of  a  congeries  of  painting,  incrustation, 
mosaic,  gilding,  and  foliage ;  and  this  was  probably  much  augmented  by  the  Mahometan 
law,  which  excluded  the  representation  of  the  human  figure.  If  a  reason  be  unnecessary 
tor  the  admission  of  ornament,  nothing  could  be  more  satisfiustory  than  the  splendour  and 
brilliancy  that  resulted  fitym  their  combinations.  One  of  their  practices,  that  of  introducing 
light  into  their  apartmoits  by  means  of  openings  in  the  form  of  stars,  has  a  magical  effect. 
ISO.  We  have  principally  confined  ourselves,  in  the  foregoing  remarks,  to  the  architecture 

of  the  Arabians  as  it  is 
found  in  Spain,  which,  it 
b  proper  to  observe,  is 
only  a  class  of  the  edifices 
in  Uie  style.  There  is  so 
close  a  resemblance  be- 
tween the  buildings  of 
that  country  and  those  of 
other  places  that  were, 
and  still  are,  under  the 
dominion  of  the  Moors,    "«•  "•        "-vat.«,  ao»..  at  au»>». 

that,  allowing  only  for  difference  of  climate,  we  might  have  left 
the  subject  without  further  illustration,  but  that  we  think  the  re- 
presentation in  Jlga.  86.  and  87.  of  a  Turkish  house  at  Algiers, 
which  we  have  extracted  from  Durand*s  ParaBSh  des  Edificet,  may 
give  a  better  idea  of  Arabian  architecture  than  a  host  of  words. 

131.  In  Afecco,  the  city  of  the  Prophet,  the  houses  are  of  stone, 
and  three  or  four  stories  in  height  The  material  employed  in- 
ns.  ss.  nAjr^aoPMATAMiMa.  ^g^^gg  aoUdity  of  construction.  The  streets  are  regular.  The 
leading  features  arc — the  balconies  covered  with  blinds ;  fronts  of  the  houses  much  orna- 
mented ;  doors,  with  steps  and  snudl  seats  on  both  sides;  roofi  terraced,  with  very 
high  parapets,  opened  at  intervals  by  a  railing  formed  of  brick,  in  which  holes  are  left 
for  the  circidadon  of  the  air,  at  the  same  time  giving  an  ornamental  appearance  to  the  front; 
staircases  narrow  and  inconvenient ;  rooms  of  good  dimensions  and  well-proportioned, 
having,  besides  the  principal  windows,  an  upper  tier.  DamaseuSf  of  which  a  slight  view 
(Jiff,  88. )  is  annexed,  has  been  described  as  resembling  a  large  camp  of  conical  tents,  which, 
on  a  nearer  approach,  are  found  to  be  small  cupolas  to  the  houses.  Brick,  sun-dried,  is  the 
principal  material,  and  the  forms  of  the  roofe  mentioned  are  absolutely  necessary  to  protect 
against  the  winter  rains.  Streets  generally  narrow,  houses  well  supplied  with  fountains, 
and  tentaining  a  lai^  number  of  houses  that  may  be  ranked  as  palaces.  Mosques,  many 
in  number,  but  presenting  none  that  are  very  remarkable.  The  bazaars  and  baUis  of  con- 
siderable sise  and  splendour.  In  Bagdad^  there  are  many  large  squares.  The  gates  erected 
by  the  caliphs  are  still  in  existence,  and  are  fine  specimens  of  Arabian  art  Its  walls  of 
mud  are  25  ft.  in  height,  but  within  them  are  ramparts,  carried  on  arches.  In  BMStorah, 
the  most  remarkable  feature  is  the  mode  in  which  they  construct  their  arches,  which  is 
efleeted  without  centres. 

ISS.  We  do  not  think  it  nccewary  to  detain  the  reader  on  the  architecture  of  Moorish 
or  Western  Arabia.  As  in  the  eastern  parts  of  the  ancient  empire,  the  houses  usually 
consist  of  a  court,  whereof  some  or  all  of  its  sides  are  surrounded  by  galleries.  Narrow 
run  genflrally  parallel  with  the  gallery,  usually  without  any  opening  but  the  door 
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m,  Mid  an  their  Am  Hoon  have  projvctiuni 
centre  oTeMh  house  ii  an  open  qiisdringle,  Burrounded  by  ■  gillcry, 


Into  Ihn  nLlury  tlie  doors  of  thi.^  ■putjnents  open,      ' 

•f  brick.      All  the  princi|)a1  houiei  are  lupplied  iritb  asU 

partM,  tor  lurnitning  ■  supply  to  the  bntlis,  a  luiury  with  which  b1»  every 

in  each  of  whose  npiirtmeillii,  varying  (rom  fifty  to  one  hundred,  water  is  Ii 
tion.  The  ihopi,  as  in  Cairo,  are  very  small ;  w  much  to,  that  the  owner  c 
articles  he  deals  in  without  changing  his  posture.  In  IVipVi,  the  houKi  ra 
story  in  height  i  but  we  must  be  content  with  observing  that  the  character  ii 
'■  Nee  ftseici  omnihus  una,  nee  divcrsa  tameii,'  'l^iough  the  late  Sultau  hui 
in  the  Italian  style  at  Coiiitantinople,  the  Mmlcms  will  not  easily  relinquii 


rh  interrupt  the  light, 
lunicatiog 

iling)  are 


133.  The  Mwtiitccture  of  Gieen  ia  Identical  with  columnar  arehilGcture.  Writer*  an 
the  Hibject  have  lO  invariably  tnated  the  hut  a*  the  type  on  which  it  is  Tornied,  that,  thougli 
we  are  not  thoroughly  laliifiHl  of  the  theory  being  correct,  it  would  be  difficult  to  wander 
f™n  the  path  they  hB»e  trodden.  In  the  section  on  Egxpthm  urchilcclure,  we  haye  alluded 
to  the  totalis  at  Bmi-haiaan,  and  we  here  present  a  repre«ntB(ion  of  a  portion  of  them 
liom  a  ilEctch  with   which   we  were  bioured   many  yean  aince  by   Mr.  Charlea   Barry 

,^  (.JV-90.-).    The  re«ler  will,  in  il,  be  .truck 

— -  by  the  appearance  of  the   Doric  column, 

aloHMt  in  ita  purity.  Wllkinaon  (  UboKri 
skI  CwAnu  o/  Ou  Antitiil  Egfptiani)  ia 
of  opimon  that  the  date  of  theie  tomba  ia 
1740  a.  c,  that  ia,  in  the  time  of  the  lint 
Ourtiuen,  an  antiijuity  wliich  can  bo  ai- 
signed  to  uo  eianrple  in  Greece,  Th«K 
tomba  are  cieayBted  in  a  rock,  a  ahort  dia- 
taiice  from  the  Nile,  on  iti  right  bulk,  abiHit 
forty-eight  French  leaguea  aouth  of  Cairo. 
Two  of  them  haie  archilectural  fronti  like 
the  abore  plale.  The  columna  are  fiie 
.  diamelera  and  a  half  in  height.  The  nuR»- 
ber  of  the  Sutca,  which  are  ahallow,  ia  SO, 
rti.  w,  !..>■  •!  »■■•.>».  and  Ibe  capital  conaiula  of  a  aimple  alncua. 

Thereareiu  indicationa  of  a  baae  or  plinth. 
.^hoTe  the  architrave,  which  ia  plain,  there  i-^  a  pn^^ectlntf  ledge  of  the  rock,  somewhat  re- 
sembling a  comicci  whuae  aoBit  ia  aculptured,  apparently  in  imitation  of  a  aeriea  of  reeda,  laid 
trauivenely  and  horinrntalty.  There  certainly  does,  in  Ihii,  appear  some  reference  to 
imitation  of  a  hut,  and  the  reHnement  of  the  Grccka,  in  after  ages,  may  have  »  ei- 
lended  the  analogy  aa  in  the  end  to  account  for  all  parta  of  the  entablature.  The  tra- 
dition doubtlcai  elilted  long  before  Vitniviiu  wrote,  who  gives  ua  nothing  more  than  the 
belief  of  the  architect!  of  his  time.  The  point  is  not,  at  thia  time,  likely  to  tie  answered 
^Lsfiactorily  ^  if  it  could,  it  might  be  important,  as  leading  to  the  lolution  of  some  points 
of  detail,  which  limit  the  propriety  or  impropriety  of  certain  tbrms  in  particular  situations. 
Havii\g  thus  cautioned  the  reader  againit  implicit  bith  in  the  syitem  we  are  about  to 
devclope.  we  shall  prcGice  It  by  the  opinion,  on  thia  subject,  of  M.  Quatremere  de  Quincy, 
an  authority  of  great  value  in  everything  that  telntes  to  the  art.  Carpentry,  lays  that 
writer,  ia  ineont^tably  the  model  upon  which  Greek  architecture  ia  founded  ;  and  of  the 
tlirce  models  which  nature  haa  aupplied  to  the  art,  thin  is,  beyond  doubt,  the  fineat  and  moet 
perfect  of  all.  And  again,  he  observes,  whoever  bestows  his  attention  on  the  subject,  will 
euly  percnve  that,  by  the  nature  of  ll,  it  includes  all  those  parts  that  are  eflective  for 
utility  and  beauty,  and  tbat  the  umpleit  wooden  hut  has  in  it  the  germ  of  the  most  mag- 
niBeeot  palace. 

134.  We  must  here  premise  that  this  lection  is  strictly  confined  to  the  architecture  of 
Greece  aiul  its  coloniea.  Much  cnnfusion  haa  arisen  ftom  the  vanE  of  strict  limits  to  the 
term  Grtcian  /4rckittciMn,  one  which  haa  been  indiscriminately  applied  to  all  buildings  In 
which  the  orders  appear.  Tlie  orders  were  altered  in  their  profik-s,  proportions,  and  details 
by  the  Romans  ^  and  though  between  them  and  those  of  the  Greeks  there  is  a  general  resem- 
biance,  and  their  members  are  generally  fiimilar,  yet,  on  a  minute  eramination,  ffreal  difler- 

of  a  circle  ;  in  the  latter,  the  contours  of  the  mouldlngt  arc  portiona  of  conic  acctiona-      In 

latter,  the  arch  is  never  seen;  in  the  former,  it  is  often  an  important  feature.  Indeed,  the 
columnar  style,  aa  used  by  the  Greeks,  rendered  arohes  unnecessary  ;  hence,  in  ail  imitation 
at  that  style,  its  introduction  produces  a  discord  which  no  skill  can  tender  agreeable  to  the 
educated  eye.  Attempts  have  been  made  by  the  modem  German  architects  to  introduce 
tbe  use  of  the  arch  with  Creek  fbrms ;  but  they  have  been  all  ugnal  Ulurn,  and  that 
btcBuie  it  is  incapable  of  amalgatnation  with  the  solemn  nwjeaty  and  purity  of  Greek  com- 
position.   Before  such  blending  can  be  accomplished  with  success,  the  nature  of  pure  Greek 

135.  Following,  then,  tbe  authin^  ancient  and  modem,  on  the  origin  of  the  art,  we  now 
proceed  to  a  development  of  ita  origin.  The  first  trees  or  posts  which  were  fixed  in  the 
oiflb  fijr  supporting  a  cover  against  the  elements,  were  the  origin  of  the  isolated  solumns 
which  afterwards  became  the  supports  of  porlieoe*  in  temples.      Diminishing  in  diameter 


'rs';; 
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M  Ibty  roH  in  height,  the  tree  indicated  the  diminution  of  the  colunui.  No  tjpe,  hawercr, 
of  bu*  0[  pedeital  i>  found  in  treeg  :  hence  the  uncient  Doric  ia  without  bue.  liiii  pnctioe, 
howeret,  from  the  ptemmure  deoy  of  wood  ituiding  immediately  on  the  ground,  cauaed  the 
interrention  r>f  a  step  to  receive  it,  and  to  protect  the  lover  lur&ce  from  the  damp. 
n  that  the  moulding!  at  the  bawfl  and  capitals  of  column!  had  their  origin 
in,  to  prevent  the  iplilting  of  the  timber  from  the  (upeiineumbeilt  weight. 
Otben,  howerer,  are  of  opinion  that  the  former  were  lued  merely  to  elenle  the  ahaftc 
•boTC  the  dampneu  of  the  earth,  and  therehy  prerenl  rot.  In  tlte  capital,  it  wem*  natural 
that  iti  upper  luriace  ihould  be  increaied  as  much  ai  poauble,  in  order  to  procure  a  greater 
area  for  the  reception  of  the  architniTe.  Thia  member,  or  chief  beam,  whoae  name 
beapeaka  itx  origin,  w*a  placed  horixontall;  on  the  tapa  of  the  oolumni,  being  dectined,  in 
effect,  to  carry  the  covering  of  the  entire  building.  Upon  the  architrave  lay  the  Joista  of 
the  ceiling,  their  height  bemg  occupied  hy  the  member  which  is  cdled  the  frieib  In  tlie 
Doric  order,  the  endaof  theae  Joiitawere  called  triglyphs,  from  their  being  sculptured  with 
two  whole  and  two  half  glyphs  or  channela.  llicse,  however,  in  the  other  ordcn  in  ■trietl)' 
Greek  architecture,  do  not  appear  in  the  imitation  of  the  type,  though  in  Roman  architec- 
ture it  is  sonietimes  otherwise,  as  in  the  Compoeile  order  of  the  Coliseum  at  Home,  where 
they  are  sculptured  into  consoles.  The  space  between  the  triglyphi  wai,  at  an  early  period 
of  the  art.  left  open,  as  we  learn  From  s  paisage  in  the  Iphigenia  of  Euripides,  where 
Pylades  advises  Orestes  to  slip  through  one  of  the  metopat,  in  order  to  gain  admission  into 
the  temple.  In  after  times.  Iheae  intervals  were  filled  up,  and  in  the  other  orders  they  alto- 
gether disappear,  the  whole  length  of  the  frieze  becoming  one  plaio  lurface.  T^  inclined 
rafters  of  the  roof  projected  over  the  laoce  of  the  walls  of  the  building.  >o  as  to  deliver  the 
rain  clear  of  tbem.  Their  ends  were  the  origin  of  the  mutule  or  modillion,  whereof  the 
former  had  its  under  ude  inclined,  ai,  among  many  other  examples,  in  the  Parthenon  at 
Athens.  The  elevation,  or  aa  it  is  technically  termed,  pitch  of  the  pediment,  followed  from 
the  inclined  sides  of  the  rooEj  whose  inclination  depended  on  the  nature  of  the  climate. 
Thus  authors  trace  from  the  hut  the  origin  of  the  different  members  of  architecture  which 
a  consideration  of  the  anneied  diagram  will  moke  more  intelligible  to  the  reader.  Figi, 
9\.  and  9S.  eihibit  t)ie  parts  of  a  roof  in  elevation  and  section:  »•  are  the  architraves  or 


/  b  b  the  ridge  piece  or  colum ;  c  the  king-post  or  oofumaa  of  a  roof;  d  d  the  tie-beam 
Hatr%mi9  the  strut  or  copreo^  ,-  f  f  the  rafters  or  caaMcn'i  .-  gggg  the  purlinea  or 
ttmpia  ;  h  h  the  common  rafters  or  osstrvs.  The  fbnn  of  the  pediment  became  an  object  of 
■o  much  admiratian,  and  so  caaentiot  a  part  of  the  temple,  that  Cicero  says,  if  a  temple  were 
to  be  built  in  heaven,  where  no  rain  lidls.  it  would  be  necessary  to  bestow  one  upon  iL 
"  Capitotii  fastigium  illud,  et  ccterarum  sdium,  non  venuataa  aed  necesulos  ipsa  fabricata 
est  Nam  cum  easet  hobita  ratio  quemadmodum  ex  utraque  parte  tecti  aqua  deUberetur 
utililatem  templi  fastigii  dignitas  consecuta  est.  ut  etiam  si  in  ccelo  capitolium  statucretur 
ubi  imber  esse  non  potest,  nullom  une  Gistigio  dignitatem  hobiturum  foisae  videatur." 
{Dt  Omtiinu,  lib.  iii.)  The  inclination  of  the  pediment  will  be  hereafter  discuaaed,  when 
we  speak  on  the  article  Roof,  in  another  part  of  the  work.  Under  the  section  on  Cyclopean 
Architecture,  mention  has  been  nude  of  the  works  at  Hryna  and  Mycene.  We  do  not  think 
there  is  sufficient  chun  of  evidence  to  connect  those  ruina  with  the  later  Grecian  works, 
though  it  must  be  confessed  that  the  temples  of  Sicily,  especially  at  Selinus,  and  perhaps 
those  at  Pcstum,  are  connecting  links.  Perhaps  the  sculptures  at  Selinus  might  be  pro- 
perly called  Cyclopean  sculpture,  in  its  more  refined  state. 

136.  Architecture,  as  well  aa  all  the  other  arts,  could  only  be  carried  to  perteeUon  by 
alow  steps.  Stone  oould  not  have  been  used  in  building  until  the  mechanical  arti  had  been 
well  known.  It  is  curioua  that  Pliny  gives  the  Creek*  credit  only  for  caves  aa  thnr  ori. 
ginal  dwellings,  from  which  they  advanced  tonmple  huts,  built  of  earth  and  clay.  His  words 
are  (lib.  vii.    %.  57.).  "  I.Aterariaa  ac  domes  constituerunt  primi  Euryalus  et  Hyperbias 
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fnitres  Athenis  :  antea  specus  enmt  pro  domitms.*'  This,  perhaps,  is  no  more  than  a  tradi- 
tionary &ble.  Fables  of  this  kind,  howerer,  often  have  some  foundation  in  fact.  We  are 
not  always  inclined  to  discard  them,  for  we  have  little  more  than  tradition  for  the  early  ex- 
cellenee  of  the  Athenians  in  civilLntion,  a  nation  among  the  Greeks  who  first  became  a 
body  politic,  and  whose  vanity  caused  them  to  assume  the  name  of  hvroj^w^St  from  a 
belief^  almost  sanctioned  by  Plato,  that  th^  ancestors  actually  rose  from  the  earth.  How 
strong  the  prevailing  opinion  was  of  the  ori^nal  superiority  of  the  Athenians,  may  be 
gathered  from  Cicero^  in  his  oration  fiir  Flaccus.  '*  Adsunt,*'  he  says,  **  Athenienses,  unde 
humanitas,  doctrina,  religio,  fruges,  jura,  leges  ort»,  atque  in  omnes  terras  dlstributae 
putantur :  de  quorum  urbis  possessione,  propter  pulchritudinem,  etiam  inter  deos  certamen 
luisse  proditura  est :  qiue  vetustate  e&  est,  ut  ipsa  ex  sese  suos  cives  genuisse  dicatur."  But 
we  shsJI  not  attempt,  here,  an  early  history  of  Greece  ;  for  which  this  is  not  the  place,  and,  if 
accomplished,  would  little  answer  our  views.  The  Greeks  exhibited  but  little  skiU  in  their 
earliest  edifices.  The  temple  of  Delphi,  mentioned  by  Homer,  in  the  first  book  of  the 
Iliad  (v.  404.  et  seq.),  which  Bryant  supposes  to  have  been  originally  founded  by  Egyptians, 
was,  as  we  learn  from  Pausanias  (PAocte.  c.  5.),  a  mere  hut,  covered  with  laurel  bnmches. 
Even  the  celebrated  Areopagus  was  but  a  sorry  structure,  as  we  learn  frt>m  Vitruvius 
(lib.  ii.  cap.  1.),  who  judgeid  of  it  fit>m  its  ruins.  The  fiibuJous  Cadmus  —  for  we  cannot 
faelp  following  Jacob  Bryant  in  his  conjectures  upon  this  personage  —  has  been  supposed 
to  have  existed  about  1519  b.  c,  to  have  instructed  the  Greeks  in  the  worship  of  the 
Egyptian  and  Phomician  deities,  and  to  have  taught  them  various  usefril  arts ;  but  this 
carries  us  so  fitr  back,  that  we  should  be  retracing  our  steps  into  Cyclopean  architecture,  if 
we  were  here  to  dwell  on  the  period  ;  and  we  must  leave  the  reader  ^  as  is  our  own,  and  as 
we  apprehend  will  be  the  ease  with  all  who  may  succeed  us  -^to  grope  his  way  out  of  the 
darkness  as  best  he  may. 

137.  The  earliest  writer  from  whom  gleanings  can  be  made  to  elucidate  the  architecture 
of  Greece  is  the  lather  of  poets.  To  Homer  we  are  obliged  to  recur,  little  as  we  approve 
of  the  architectural  graphic  flights  in  which  the  poet  is  wont  generally  to  indulge,  lliough 
the  Odyssey  may  not  be  of  so  high  antiquity  as  the  Iliad,  it  is,  from  internal  evidence,  of 
great  age,  for  the  poem  exhibits  a  government  strictly  patriarchal,  and  it  sufficiently  proves 
that  the  chief  buildings  of  the  period  were  the  palaces  of  princes.  We  may  here,  in 
passing,  observe,  that  in  Greece,  previous  to  Homer  and  Hesiod,  the  sculptor's  art  appears 
to  have  been  unknown,  neither  was  practised  the  representation  of  Gods.  The  words  of 
Atbenagcxas  i^Leg,  pro  Christ,  xiv.)  are — Al  8*€ucovci  f^^i  /tipr«  irAcumx*?!  f^  ypapucri,  koi 
tof^puanotroafruc^  i}<ray,  ovSc  fvoiuQnrro.  The  altar,  which  was  merely  a  structure  for  sacred 
use,  was  nothing  more  than  a  hearth,  whereon  the  victim  was  prepared  for  the  meal ; 
and  it  was  not  till  long  after  Homer's  time  that  a  regular  priesthood  appeared  in  Greece. 
In  Sparta,  the  kings  performed  the  office.  In  Egypt,  the  dignity  was  obtained  by  inherit- 
ance; as  was  the  case  in  other  places.  The  Odyssey  places  the  altar  in  the  king's  palace ; 
and  we  may  reasonably  assume  that  the  spot  was  occasionally,  perhaps  always,  used  as  the 
temple.  From  such  premises,  it  is  reasonable  to  coi:\jecture  that  until  the  sacerdotal  was 
separated  from  the  kingly  office,  the  temple,  either  in  Greece  or  elsewhere,  bad  no  existence. 
It  may  not  be  without  interest  to  collect,  here,  the  diffisrent  passages  in  the  Odyssey,  which 
bear  upon  the  nature  and  construction  of  the  very  earliest  buildings  of  importance. 
Between  the  ouAif  and  the  tiofios  there  must  have  been  a  distinction.  The  former,  fit>m  its 
etjrmology  aw,  must  have  been  a  locus  amibdialU  ;  and  though  it  is  sometimes  used  ( lUad,  Z. 
247. )  for  the  whole  palace,  such  is  not  generally  its  meaning  in  the  Odyssey.  The  ovXri  was 
the  place  in  which  the  fismale  attendants  of  Penelope  were  slain  by  Telemachus  (  Odysa.  X. 
446. ),  by  tying  them  up  with  a  rope  over  the  boKos  or  ceiling.  Hence  we  arrive  at  the 
eoaclnsion  that  this  boKos  belonged  to  the  aiBowra  or  cloister,  supposing,  as  we  have  done, 
that  the  avAi|  was  open  at  top,  and  the  <u9ovcra  is  described  (lUad,  T.I 7 6.)  as  tpiBovwos,  that 
is^  sonofous  or  echoing,  and  as  circumscribing  the  open  part  of  the  ovXti.  llie  boXos  was 
supported  by  acuwcf,  poets  or  columns,  and  in  the  centre  of  the  avXri  stood  the  fiofuts  or  altar. 
If  OUT  interpretation  be  correct,  the  fuffoBfuu  in  this  arrangement  must  be  the  spaces  between 
the  columns  or  posts,  or  the  intercolumniations,  as  the  word  is  usually  translated ;  and  the 
passage  in  the  Odyssey  (T.  170.),  wherein  Telemachus  is  said  to  have  seen  the  light  on  the 
walb,  becomes  quite  clear.     The  passage  is  as  follows :  — 

4>«MMrr'  t^dmXfAtf. 

Tliere  seems  no  doubt  that  the  word  otBouffa  will  bear  the  interpretation  given,  and  the 
•rtangement  is  nothing  more  than  that  of  the  hypaethral,  and  even  correspondent  with  the 
Eg3fptian  temple,  particularly  that  of  the  temple  at  Edfou,  described  by  Denon,  and  repre- 
amteid  in  his  plate  S4. 

1.S8.  Before  we  quit  this  part  of  our  subject,  let  us  consider  the  description  which 
Homer  (  Odysa,  H.  81. )  gives  of  the  house  of  Alcinous  as  illustrative  of  Greek  architecture. 
This  dwelling,  which  Ulysses  visited,  had  a  brazen  threshold,  ovSps.     It  was  w^tpt^ris  or 
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lofty^roofikl.  The  walls  were  brazen  on  every  nde,  from  the  threshold  to  tlie  inneniKMSt 
part.  This,  however,  is  rather  poetic.  The  coping  bptyKos  was  of  a  blue  colour.  The 
interior  doors  are  described  as  gold.  The  jainbs  of  them,  oraBftoi,  were  of  silver  on  a  brasen 
threshold.  The  lintel  wr9p$upio¥  was  silver,  and  the  cornice  icopoyri  of  gold.  Statues  of 
dc^^  in  gold  and  silver,  which  had  been  curiously  contrived  by  Vulcan  himself,  guarded 
the  portal.  Thus  far,  making  all  due  allowance  for  the  poet's  fiincy,  we  sain  an  insight  into 
what  was  considered  the  value  of  art  in  his  day,  more  dependent,  it  would  seem,  on  material 
than  on  form.  Seats  seemed  to  have  been  placed  round  the  interior  part  of  the  house,  on 
which  seats  were  cushions,  which  the  women  wrought.  But  we  must  return  to  the  con- 
struction of  the  ovAii,  inasmuch  as  in  it  we  find  considerable  resemblance  to  the  rectangular 
and  columnar  disposition  of  the  comparatively  more  recent  temple. 

139.  It  would  be  a  hopeless  task  to  connect  the  steps  that  intervened  between  the  sole 
use  of  the  altar  and  the  establishment  of  the  temple  in  its  perfection ;  though  it  might,  did 
n>ur  limits  permit  the  investigation,  be  more  easy  to  find  out  the  period  when  the  regular 
temple  became  an  indispensable  appendage  to  the  religion  of  the  country.  It  is  closely 
connected  with  that  revolution  which  abolished  the  civil,  judicial,  and  military  offices  of 
kings  leaving  the  sacerdotal  oflfice  to  another  class  of  persons.  Though  in  the  palace  of  the 
king  no  portion  of  it  was  appropriated  to  religious  ceremony,  the  spot  of  the  altar  only 
excepted,  yet,  as  it  was  the  depository  of  the  furniture  and  utensils  requiute  for  the  rite  of 
sacrifice,  when  the  palace  was  no  more,  an  apartment  would  be  wanting  for  them ;  and  this, 
conjoined  with  other  nuitters,  may  have  suggested  the  use  of  the  cell.  Eusebius  has  con- 
jectured that  the  temple  originated  in  the  reverence  of  the  ancients  for  their  departed 
relations  and  firiends,  and  that  they  were  only  stately  monuments  in  honour  of  heroes,  from 
whom  the  world  had  received  considerable  benefit,  as  in  the  case  of  the  temple  of  Pallas,  at 
Larissa,  really  the  sepulchre  of  Acrisius,  and  the  temple  of  Minerva  Polias  at  Athens,  which 
is  supposed  to  cover  the  remains  of  Erichthonius.    The  passage  in  Virgil  (jEn.  ii.  v.  74. 


tamaliun  antique  Cererit,  ledemque  Mcrstsm 


Venlmua  — 

is  explanatory  of  the  practice  of  the  ancients  in  this  respect ;  and,  indeed,  it  is  well  known 
that  sacrifices,  prayers,  and  libations  were  offered  at  almost  every  tomb ;  nay,  the  restins- 
plaoe  of  the  dead  was  an  asylum  or  sanctuary  not  less  sacred  than  was,  afterwards,  the  temple 
itself  From  Strabo  (lib.  ii. )  it  is  clear  that  the  temple  was  not  always  originally  a  struc- 
ture dedicated  to  a  god,  but  that  it  was  occasionally  reared  in  honour  of  other  personages. 
140.  Before  proceeding  to  that  which  is  more  accurately  known,  it  may  not  be  unin- 
structive  to  the  reader  to  glance  at  the  houses  of  the  Greeks,  as  may  he  gathered  from 
passages  in  the  Iliad  and  the  Odyssey.  We  shall  merely  remind  him  that  Priam's  house 
had  fifty  separate  chambers,  though  he  lived  in  a  dwelling  apart  from  it.  These  houses 
were,  in  some  parts,  two  stories  in  height,  though  the  passages  militating  against  that 
assertion  {Iliad,  B.  514 — 16.  184.)  have  been  pronounced  of  doubtful  antiquity.  Tliere  is, 
however,  not  the  slightest  doubt  that  the  dwellings  of  the  East  consisted  of  more  than  a 
single  story.  David  wept  for  Absalom  in  the  chamber  over  the  gate  (9  Sam.  xviiL  33.). 
The  altars  of  Ahax  were  on  the  terrace  of  the  tgtper  chamber  (2  King$,  xxii.  12.).  The 
sunmier  chamber  of  Eglon  had  stotrs  to  it,  for  by  them  Ehud  escaped,  after  he  had  revenged 
Israel  ( I  Judges,  iii.  20. ;  I  Kingg,  vi.  8. ).  In  the  Septuagint,  these  upper  stories  are  all  repre- 
sented by  the  word  ^tpwor,  the  same  employed  by  Homer.  The  Jewish  law  required 
(Deut.  xxii.  8.)  the  terraces  on  the  tops  of  their  houses  to  be  protected  by  a  battlement ; 
and,  indeed,  for  want  of  a  railing  (  Odyee.  K.  552.  et  seq. )  of  this  sort,  Etpenor,  one  of  the 
companions  of  Ulysses,  at  the  pidaoe  of  Circe,  fell  over  and  broke  his  neck.  The  use  of 
the  word  KXifiaJ^  in  the  Odyssey,  connected  with  the  words  ayal^atP9w  and  irarafcuyciy,  and 
the  substantive  hrwptuovt  is  of  frequent  occurrence :  it  is  either  a  ladder  or  a  staircase,  and 
which  of  them  is  unimportant ;  but  it  clearly  indicates  an  upper  story.  To  a  comparatively 
late  period,  the  Greek  temple  was  of  timber.  Even  statues  of  the  deities  were,  in  the 
time  of  Xenophon,  made  in  wood  for  the  smaller  temples  (lib.  iv.  c.  1 . ),  where  the  revenue 
of  them  was  not  adequate  to  afford  a  more  expensive  material.  But  time  and  accidents 
would  scarcely  permit  their  prolonged  duration,  and  none  survived  long  enough  to  allow  of 
a  proper  description  of  them  reachmg  us.  The  principle  of  their  construction  necessarily 
bore  some  relation  to  the  materials  employed,  and  the  use  of  stone  must  have  imparted  new 
features  to  them.  In  timber,  the  beam  {epittylium),  which  was  borne  by  the  columns, 
would  probably  extend  in  one  piece  through  each  fisce  of  the  building.  But  in  a  stone 
construction  this  could  not  take  place,  even  had  blocks  of  such  dimensions  been  procurable, 
and  had  mechanical  means  been  at  hand  to  place  them  in  their  proper  position.  From  this 
alone  follows  a  diminution  of  spaces  between  the  columns.  The  arch,  be  it  recollected,  Was 
unknown.  It  is  curious  to  observe  that  the  relative  antiquity  of  the  examples  of  Grecian 
Doric  may  be  expressed  in  terms  of  the  intercolumniations ;  tiiat  is,  the  number  of  diame* 
ters  forming  the  intervals  between  the  columns.  There  is,  moreover,  another  point  worthy 
of  notice,  which  is,  that  their  antiquity  may  be  also  estimated  by  the  comparison  of  the 
heights  of  the  columns  compared  with  their  diameters.      This,  however,  will  require 
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furtber  couideration  when  we  come  to  treat  of  the  orders :  here  it  is  noticed  only  inci- 
dentally. Though  we  are  not  inclined  to  place  reliance  on  the  account  given  by  Vitnivius 
of  the  origin  of  the  orders  of  architecture,  we  should  scarcely  be  justified  in  its  omission 
here.  It  seems  necessary  to  notice  it  in  any  work  on  architecture ;  and,  after  remarking 
that  the  age  which  that  author  assigns  for  their  origin  is  long  before  Homer's  time,  at 
which  there  seems  no  probability  of  their  existence,  from  the  absence  of  all  reference  to 
them  in  his  poems,  we  here  subjoin  the  account  of  Vitruvius  (lib.  iv.  c  1.)  : — **  Dorus,  son 
of  Hellen  and  the  Nymph  Orseia,  reigned  over  Achaia  and  Peloponnesus.  He  built  a 
temple  of  this  (the  Doric)  order,  on  a  spot  sacred  to  Juno,  at  Argos,  an  ancient  city. 
Many  temples  amilar  to  it  were  afterwards  raised  in  the  other  parts  of  Achaia,  though, 
at  that  time,  its  proportions  were  not  precisely  established.  When  the  Athenians, 
in  a  general  assembly  of  the  states  of  Greece,  sent  over  into  Asia,  by  the  advice 
of  the  Delphic  oracle,  thirteen  colonies  at  the  same  time,  they  appointed  a  governor 
over  each,  reserving  the  chief  command  fiir  Ion,  the  son  of  Xitthus,  and  Creusa, 
whom  the  Delphic  Apollo  had  acknowledged  as  son.  He  led  them  over  into  Asia, 
where  they  occupied  the  borders  of  Caria,  and  built  the  great  cities  of  Ephesus, 
Miletus,  Myus  (afterwards  destroyed  by  inundation,  and  its  sacred  rites  and  suffhigea 
transferred  by  the  lonians  to  the  inhabitants  of  Miletus),  Priene,  Samoe,  Teos,  Colophon, 
Chios»  Erythr«,  Phocaea,  Oazomene,  Lebedoe,  and  Melite.  This  last,  as  a  punishment  for 
the  arrogance  of  its  citizens,  was  detached  firom  the  other  states  in  the  course  of  a  war 
levied  on  it,  i%  a  general  council,  and  in  its  place,  as  a  mark  of  &vour  towards  king 
Attains  and  Arsinoe,  the  city  of  Smyrna  was  received  into  the  number  of  the  Ionian  states. 
These  received  the  appellation  of  Ionian,  after  the  Carians  and  Lel^^  had  been  driven 
out,  ftctm  the  name  of  Ion,  the  leader.  In  this  country,  allotting  different  sites  to  sacred 
purposes,  they  erected  temples,  the  first  of  which  was  dedicated  to  Apollo  Panionius.  It 
resembled  that  which  they  had  seen  in  Achaia,  end  firom  the  species  having  been  first  used 
in  the  cities  of  Doria,  they  gave  it  the  name  of  Doric.  As  they  wished  to  erect  this 
temple  with  columns,  and  were  not  acquainted  with  their  proportions,  nor  the  mode  in 
which  they  should  be  a4ju8ted,  so  as  to  be  both  adapted  to  the  reception  of  the  superin- 
cttmbent  weight,  and  to  have  a  beautiful  effect,  they  measured  a  man's  height  by  the 
lei^th  of  the  fioot,  which  they  found  to  be  a  sixth  part  thereof^  and  thence  deduced  the 
proportions  of  their  columns.  Thus  the  Doric  order  borrowed  its  proportion,  strength, 
and  beauty  from  the  human  figure.  On  similar  principles,  they  afterwards  built  the  temple 
of  Diana ;  but  in  this,  from  a  desire  of  varying  the  proportions,  they  used  the  female 
figure  as  a  standard,  making  the  height  of  the  column  eight  times  its  thickness,  for  the 
purpose  of  giving  it  a  more  lofty  effect.  Under  this  new  order,  they  placed  a  base  as  a 
shoe  to  the  fixyL  They  also  added  volutes  to  the  capital,  resembling  the  graceful  curls  of 
the  hair,  hanging  therefrom,  to  the  right  and  left,  certain  mouldings  and  foliage.  On  the 
shaft,  channels  were  sunk,  bearing  a  resemblance  to  the  folds  of  a  matronal  garment. 
Thus  were  two  orders  invented ;  one  of  a  masculine  character,  without  ornament,  the  other 
of  a  chaiaeter  approaching  the  delicacy,  decorations,  and  proportions  of  a  female.  The 
suceesBors  of  these  people,  improving  in  taste,  and  preferring  a  more  slender  proportion, 
assigned  seven  diameters  to  the  height  of  the  Doric  column,  end  eight  and  a  half  to  the 
lomc  That  species,  of  which  the  lonians  were  the  inventors,  has  received  the  appellation 
of  Ionic  The  third  species,  which  is  called  Corinthian,  resembles,  in  its  character,  the 
graceful  el^ant  appearance  of  a  virgin,  whose  limbs  are  of  a  more  delicate  form,  and 
whose  ornaments  should  be  unobtrusive.  The  invention  of  the  capital  of  this  order  arose 
from  the  fi>]lowing  circumstance.     {Fiff.  93.)     A   Corinthian  virgin,  who  was  of  roar- 

riageable  age,  fell  a  victim  to  a  violent  disorder :  after  her 
interment,  her  nurse,  collecting  in  a  basket  those  articles  to 
which  she  had  shown  a  partiality  when  alive,  carried  them 
to  her  tomb,  and  placed  a  tile  on  the  basket,  for  the  longer 
preservation  of  its  consents.  The  basket  was  accidentally 
placed  on  the  root  of  an  acanthus  plant,  which,  pressed 
by  the  weight,  shot  forth,  towards  spring,  its  stems  and 
large  foliage,  and  in  the  course  of  its  growth,  reached  the 
angles  of  the  tile,  and  thus  formed  volutes  at  the  extremi- 
ties. Callimachus,  who,  lor  his  great  ingenuity  and  taste 
in  sculpture,  was  called  by  the  Athenians  KOTOfnx^h  bap- 
ng,  99.  mimm  m  txmanmut  cAtrxAu  pgning  at  this  time  to  pass  by  the  tomb,  observed  the  basket 
and  the  delicacy  of  the  feliafle  that  surrounded  it.  Pleased  with  the  form  and  novelty  of  the 
combination,  he  took  the  huit  for  inventing  these  columns,  using  them  in  the  country  about 
Corinth,**  &c.  Now,  though  we  regret  to  damage  so  elegant  and  romantic  a  story,  we 
must  remind  those  who  would  willingly  trust  the  authority  we  have  quoted,  that  Vitruvius 
speaks  cf  nuitters  which  occurred  so  long  before  his  time,  that  in  such  an  investigation  as 
that  befimre  us  we  must  have  other  authentication  than  that  of  the  author  we  quote,  and 
most  especially  in  the  case  of  the  Corinthian  capital,  whose  type  may  be  referred  to  in  a 
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Tut  nunibtr  of  the  eXBmpln  of  Egyptian  cmpJUli,  one  of  which,  ttaong  nuui^,  u  aeen 

111.   The  progrm  of  the  art  in    Greece,  whose  inhibitanti,  in 

Ihe   opinion  of  the    Egyptian  prieeu  in  the  time    of  Solon,  were 

t  so  ignonni  of  all  ecience  that  Ihey  Deither  unitentood  tlie  mytbo- 

iogy  of  other  nationi  nor  their  o<rn  (PiaU.  in  Ti'am),  cannot  be 

natiifactorilf  (bllnwoH  between  the  period  anlgned  to  the  iiege  of 

Troy  and  the  lime  of  Solon  and  FioilTatua,  or  al»ut  590  a.  r.     But 

il  is,  liowever,  teruln  lh«l  within  four  eenturiei  after  Homer'i  time, 

notwilhitanilinit  their  original  ly  coane  manneri,  the  Grecian!  attuned 

the  highett  eicellence  in  the  arti.    Goguet  ii  of  opinion  the  nurture 

of  the  art  wu  principally  in  Aiia  Minor,  in  which  oountrj,  hethinka, 

we  mutt  Kck  ibr  the  origin  of  the  Doric  ind   Ionic  ordera,  whilit 

na.li.  ■nrnin  cin.i-       j^  Greece  Proper  the  adiancement  wa«  «low.    Tlie  Corinthiw  order 

waa.  howerer,  the  lait  inreotad.  and  it  leem!!  generally  agreed  that  its  inrentiaii  belong  to 

the  molber  country  ;  but  this  we  ahall  not  stop  to  dneuia  here.      The  Temple  of  Jupiter, 

at   Olympia,  one  of  the  earliest  temple,  of   Greece  (Pausaniai,    gfiot  Pr.  c.  10.),  wu 

was  built  about  6S0  years  before  the  Christian  erai  and  after  this  period  were  reared 

temples  at  SanuM,  PHene,  Epben*,  and  Magnesia,  and  other  places  up  to  that  age  when, 

under  the  administration  of  Pericles,  the  architecture  of  Greece  attained  periiiction,  and 

tlw  highest  beauty  whereof  il  is  euppo«d  to  be  nuaceptihle,  in  the  Part)|pnon  (fig.  9S.) 


at  Atlieni.  The  date  of  the  erection  of  the  temple  of  Diua,  at  Epheaus,  wai  really  as 
remote  as  that  of  the  temple  we  ha»e  just  mentioiied.  If  Lity  had  Autficieotly  our  eonfl- 
dence,  and  we  concede  that  other  writers  corroborate  his  statement  (lib.  i.  c.  *S. ),  iti  date 
is  as  RTKient  as  the  time  when  Servius  Tulliui  was  king  of  Ilome.  Great,  howerer,  u  were 
the  works  which  the  Grecians  eiecuted,  the  mechanical  powers  were,  if  one  may  judge  from 
Thucydides  (lib.  ir.),  not  compendiously  applied  for  railing  weights. 

143.  The  origin  of  the  Done  order  is  a  question  not  eoiily  dliposed  of.  Many  province* 
of  Greece  bore  the  name  of  Doria  i  but  a  name  is  often  the  least  satisfactory  mode  of  ac- 
counting for  the  birth  of  the  thing  which  bears  it.  We  have  already  attempted  to  account 
fbr  the  parts  of  this  order  by  a  re^rence  to  its  supposed  connection  with  the  hut.  The 
writer,  in  the  Encydoprdit  MiOxdupit,  truly  says  that  if  the  Doric  had  an  iitTtntor,  that 

of  building  prevailed  suitable  to  their  habits  and  climate,  though  but  slowly  modifieil  and 
carried  la  perfection.  At  the  beginning  of  this  section,  we  have,  however.  lulBrirntly 
spoken  on  thia  nutter.  But  there  are  some  peculiarities  to  be  noticed  with  respect  to  the 
Doric  order,  which  we  think  will  be  better  given  here  than  in  the  third  book,  where  we 
propose  to  treat  of  the  orders  more  ^lly ;  and  these  consist  in  the  great  diflTererwes  which 
are  found  in  its  proportiooa  and  parts  in  different  eiamples.  For  this  purpose,  sevenJ 
huildings  have  heen  arranged  in  the  following  table,  wherein  the  first  column  eiliibits  the 
name  of  the  building  ;   the  lecond  the  height  of  the  column,  of  the  ciamplc  a.i  a  nume- 
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rator,  and  its  lower  dianeter  as  a  denominator,  both  in  Engltsb  feet ;  the  third  is  the 
Quotient  of  the  second,  showing  the  height  of  the  column,  expressed  in  terms  of  its  lower 
diaiBeter ;  the  fiMirth  column  shows  the  height  of  the  entablature  in  terms  of  the  diameter 
of  the  column ;  the  fifth  column  gives  the  distance  between  the  columns  in  the  same 
terms ;  and  the  siith  shows  the  height  of  the  capitab  also  in  the  same  terms :  — 


Tenple  at  Corinth    ... 
Hypaetbral  Temple  at  Psstum 
Fniwtfyle  Temple  at  Pcatom 
Greater  Ilexastyle  Ttmjpie  at  Sellnos 


Temple  of  Minerra  at  Syracuse 


Octas^le  HypBChna  Temple  at  Sellniu 
Temple  of  Jono  Ludaa  st  Agrf  gentam 
Temple  of  Coooord  at  Agrlgeotum 
Hescastfle  Temple  at  Fettnm 
Temple  of  Jupiter  Fanhellenlui  at  Egfaa 


Parthenon 


Temple  of  Theieua  at  Athens 
Temple  of  Mlnerra  at  Sanium 


Doric  Portico  of  Augustus  at  Athens 


Tcaiple  of  Apidlo,  island  of  Delos  . 


of  Jupiler  Nemeos 


Portico  ofPUUp  of  MaoedOB 


HcigbtdlvidMl 
tol««irDiMii 


28*718 
6-83 

88-950 
700 

21-OCO 
4-85 

7-« 

«-665 
6-50 

49-585 

10-6S 

JIJ56 
4-59" 

82-082 
4-64 

20-353 
4-24 

17851 
822 

_84-282 
615 

J8-7I7 
3-30 

19-762 
'3-84 

26-206 
4-33 

18-721 
3*0:)2 


5-22 

2-96 


DlanMtati 
Msh. 

InlWnwof 

UBUDCi^aa 

Intmno- 

UUffaiaf 
teMmuof 

4065 

•                   • 

1-862 

*405 

4-134 

1-741 

1*167 

•549 

4*829 

1*140 

1*064 

•500 

4'361 

2-200 

1*490 

•490 

4-410 

t 

•         • 

•486 

4-572 

2*088 

1023 

•450 

4-605 

•                      • 

•                 • 

-570 

4753 

1*976 

1071 

-487 

4195 

1-917 

1-111 

*564 

5-883 

■                    • 

1*680 

-486 

5-666 

1-917 

1-275 

•469 

5-669 

1*964 

1-2S0 

•502 

5899 

1*928 

1*472 

•372 

6*042 

1*724 

1-046 

•874 

6-052 

1-900 

1600 

•565 

6-515 

1*560 

1*348 

•888 

6*535 

1-867 

2-700 

•480 

143.  Casting  our  eye  down  the  third  column  of  the  above  table,  we  find  the  height  of 
the  column  in  terms  of  its  lower  diameter  varying  from  4-065  to  6*535.  Lord  Aberdeen 
{Jmqmify  imlo  the  PrincipUt  ef  BmnO^  in  Greek  Arehiteeiure,  18S2)  seems  to  prefi^r  the  pro- 
portion of  the  capital  to  the  column,  as  a  test  for  determining  its  comparative  antiquity  ; 
but  we  are  not,  though  it  is  entitled  to  great  respect,  of  his  opinion,  preferring,  as  we  do, 
a  judgment  firom  the  height  as  compared  with  the  diameter  to  any  other  criterion ;  although 
it  must  be  admitted  that  it  is  not  an  infidlible  one.  The  last  columns  shows  what  an  in- 
constant test  the  height  of  the  capital  exhibits.  There  is  another  combination,  to  which 
reference  ought  to  be  made,  -^  the  height  of  the  entablature,  which  forms  the  third  column 
of  the  table,  in  which  it  appears  that  the  most  massive  is  about  one  third  the  height  of  the 
wboie  order,  and  the  lightest  is  about  one  fi>urth,  and  that  these  proportions  coincide  with 
the  thickest  and  the  thinnest  columns. 

144.  The  entans  or  swelling,  which  the  Greeks  gave  to  their  columns,  and  first  veri- 
fied by  the  observations  of  Mr.  Allason,  was  a  refinement  introduced  probably  at  a 
late  period,  though  the  mere  diminution  of  them  was  adopted  in  the  earliest  times. 
The  practice  is  said  to  have  its  type  in  the  law  which  Nature  observes  in  the  formation 
of  the  trunks  of  trees.  This  diminution  varies,  in  a  number  of  examples,  from  one 
fifth  to  one  third  of  the  lower  diameter ;  a  mean  of  sixteen  examples  gives  one  fourth. 
The  mere  diminution  is  not,  however,  the  matter  fi>r  consideration ;  but  the  curved 
ontline  of  the  shaft,  which  is  attributed  to  some  refined  perception  of   the    Greeks, 
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ntfttive  to  tlw  apparent  diminution  of  objeeti  ai  th^r  dittaoce  from  the  tje  vaa  ini'r<af<1. 
which  Vilruciui  imagiim  il  vu  Ibe  object  of  tht  mtasii  to  comet.  It  caanot  Iw  ilmied 
that  in  a  mrrdy  conical  ihaft  there  lA  an  appcaiance  of  eoncavity,  tor  vhLch  it  ia  diAieuit 
to  account.  The  fblloving  eipluiation  of  thii  phenomerwa,  if  it  nuj  be  lo  caLI«l,  ia 
given  by  our  evteemed  and  learned  friend,  Mr.  Narrien,  in  the  Encyc^  MetrnpoL  art.  Ar- 
chitecture. '■  When,"  be  obeeriex,  ■•  we  direct  the  aiii  of  the  e;e  to  the  middle  of  a  tall 
column,  the  orgiui  accommodatea  itielf  ta  the  distanee  of  that  part  of  the  object,  in  order 
to  obtain  diitindnev  of  linon,  and  tben  the  oblique  pencili  of  lighi  from  the  upper  and 
lower  parti  of  the  column  do  tMM  »  accurately  converge  an  the  retin* :  hence  ariaet  a 
certwn  degree  of  obvurit;.  which  alvajn  producei  a  perception  of  greater  nugnitude  than 
would  b«  produced  bj  the  nme  object  if  leca  more  distinctly.  The  lame  cipUoation 
romy  aervf  to  account  for  the  vell-knovn  bet,  that  the  top  ot  an  undiminiahed  piUater 
appean  so  much  broader  than  the  body  of  itn  ■haft ;  to  which,  in  thii  eaae,  may  be  added 
some  prejudice,  cauaed  by  our  more  frequently  contemplating  other  <^Ject»,  aa  treea,  which 
taper  towardi  their  upper  eitremitieL"  Connected  in  aoine  meaaure  with  the  aame  optical 
deception  ia  the  rule  which  VitruTiui  layi  down  (book  iii.  chap.  2. )  for  making  the 
columna,  at  the  anglea  of  bulldingn,  thicker  than  Ihoae  in  the  middle  by  one  fiftieth  part 
of  a  diameter, —  a  law  which  we  find  followed  out  to  a  much  greater  citent  in  the  trmplea 
of  the  Parthenoa  and  of  Tbeieua,  at  Athen,  where  the  columna  at  the  angle*  eicecd  in 
diuneter  (be  intermediate  ooo  by  one  fbrty.fburlb  and  one  Iwcniy-eighth  mpcctiiely. 
Wherv,  however,  the  column*  were  viewed  agmin*t  a  dark  ground,  loine  artiiu  think  that  ■ 
contrary  deception  of  the  eye  •eems  to  take  place. 

14S.  In  the  invertigation  of  tbe  Doric  order,  among  ita  more  remarkable  fEature*  are  to 
be  noted  the  longitudinal  itris,  called  Jluta,  into  which  the  column  i*  cut ;  every  two 
whereof  unite,  in  almagt  every  case,  in  an  edge.  Their  horiiontal  aection  varies  in  different 
eiample*.  In  some,  (he  Rute*  are  formed  by  legment*  of  circle*  ;  in  oihen.  the  form  >p- 
proaehe*  that  of  an  elllptii.  The  number  all  round  i>  uiually  twenty;  >uch  being  the  caae 
at  Athen* ;  but  at  Fastum  theeiierior  order  of  the  great  temple  ha*  twenty-four,  the  lower 
interior  order  twenty,  and  the  upper  interior  liiteen  only.  It  ha*  been  *trange)y  imagined, 
by  some,  that  thcae  fluting*,  which,  be  it  remembered,  are  applied  to  the  other  order*  a* 
well  as  to  the  Doric,  were  provided  for  the  reception  of  the  spean  of  peraons  ti*iling  the 
temples-  The  coiijecture  is  scarcely  worth  refutation,  firat,  because  no  situation  for  the  iovpo- 
Stirt  (place  for  ipears)  would  have  led  lo  their  more  continual  displacement  from  accident ; 
and  secondly,  because  of  the  sloping  or  hemiapherical  form  in  the  other  orders,  the  foot  of 
the  spear  must  have  immediately  Jid  off.  Their  origin  may  probably  be  found  in  (he 
polygonal  column,  wbo*e  «ide*  rtcrived  a  greater  pUy  of  light  by  lieing  hollowed  out,  —  > 
refinement  which  would  not  be  long  unperc^ved  by  the  Greek*. 

14G.  We  shall  now  notice  some  of  the  more  important  Doric  edifices,  as  connected  with 
the  later  hislory  of  the  Doric  order,  which  was  that  moat  generally  used  by  the  European 
Mates  of  Greece,  up  to  their  subjugation  by  the  Romani-  The  temple  of  Jupiter  Pan- 
lielleniu*,  at  Egina,  i*  probably  one  of  the  most  ancient  in  Greece.  The  ilory,  however,  of 
Pausanias,  that  it  waa  built  by  Xmcui,  before  the  war  of  Troy,  is  only  useful  aa  showing 
IIS  its  high  antiquity.  {Fig.  M.)  The  proportions  of  its  columns  and  entablature  arc  to  be 


Chap.  II. 


GRECIAN. 


65 


found  in  a  preceding  page.  The  sculpture  with  wliich  this  building  was  decorated  is  now 
at  Munich.  Though,  perhaps,  not  so  old  as  the  building  itself,  it  is  of  an  antiquity  coeval 
with  the  Persian  invasion.  The  name  of  the  architect  of  this  temple  was  Libon,  of  whom 
no  other  work  is  known ;  its  age  is,  perhaps,  from  about  600  years  before  Christ  The 
Doric  temple  at  Corinth,  of  which  five  columns,  with  their  architrave,  are  still  in  existence, 
is  a  very  early  specimen  of  Grecian  architecture.  The  assertion  that  it  was  dedicated  to 
Venus  is  unsupported  by  testimony. 

147.  The  Grecian  temples  in  Sicily  were  erected  at  periods  which  it  is  not  easy  to  fix  ; 
and  with  respect  to  them,  we  can  only,  from  circumstances  connected  with  the  island,  reason 
on  the  dates  to  be  assigned  to  them.  The  founding  of  the  city  of  Selinus  or  Selinuns,  on 
the  south-west  coast  of  the  island,  has  usually  been  attributed  to  a  colony  from  Megara ; 
but  we  are  of  opinion  with  the  Baron  Pisani  {Memoria  mBe  Metope  S^uwUine)  that  it 
existed  as  a  Phoenician  city  long  previous  to  the  settlement  there  by  the  MegarsNuis.  The 
style  and  forms  of  the  sculpture  of  the  Selinuntine  temples  seem  to  b^r  marks  of  a 
remoter  age  than  b  usually  allowed  to  them,  that  is,  500  years  a.  c.  Of  the  means  and 
the  circumstances  under  which  they  were  raised  we  are  ignorant ;  but  their  ruins  sufiiciently 
indicate  the  wealth  and  power  that  were  employed  upon  them,  as  well  as  a  considerably 
advanced  state  of  the  art 

148.  The  temple  of  Jupiter  Olympius,  the  largest  in  the  island,  and  one  of  the  most 
stupendous  monuments  of  antiquity,  was,  as  we  learn  fitmi  Diodorus  (lib.  xiii.  p.  82. ), 
never  completed.  Tbe  Agrigentines  were  occupied  upon  it  when  the  city  was  taken  by 
Hamilcar,  in  the  93d  Olympiad.  Its  columns  were  on  such  a  scale  that  their  flutes 
were  ^ufi&ciently  large  to  receive  the  body  of  a  man.  The  temples  of  Peace  and  of 
Concord,  in  the  few  vestiges  that  remain  of  them,  attest  the  ancient  magnificence  of  the 
city  of  Agrigentum,  and  are  among  the  most  beautiful  as  well  as  the  best  preserved 
remains  of  antiquity.  A  Corinthian  colony  established  itself  at  Syracuse,  as  is  said,  750 
B.  c. ;  but  no  details  of  the  history  of  the  city  fiimish  us  with  the  means  of  ascertaining 
when  the  first  temples  there  were  erected.  Its  riches  and  magnificence  were,  however, 
such  that  it  soon  became  an  object  of  temptation  to  the  Carthaginians.  Its  temple  of 
Minerva  is  evidently  of  very  r^note  antiquity. 

149.  The  great  Hypsthral  temple  at  Paestum  was  probably  constructed  diuring  the 
period  that  the  city  was  under  the  power  of  the  Sybarites,  who  dispossessed  its  original 
inhabitants,  enjoying,  for  upwards  of  two  hundred  years,  the  fruits  of  their  usurpation. 
Marks  of  Greek  art  are  visible  in  it,  and  the  antiquity  of  the  Hypaethral  temple  itself  is 
confirmed  by  the  example.  The  city  fell  into  the  hands  of  the  Lucanians  about  350  years 
H.C. ;  after  which,  in  about  70  years,  it  was  a  municipal  town  of  the  Roman  empire.  Tht 
foil  wing  is  perhaps  the  chronological  order  of  the  principal  buildings  of  Sicily  and  Magna 
G  lecia;  viz.  Syracuse,  Paestum,  Selinus,  Segesta,  and  Agrigentum. 

150.  The  dates  of  the  edifices  at  Athens  are,  without  difliculty,  accurately  fixed.  The 
Propylcum  (Jigs.  97  and  98.)  was  commenced  by  Mnesicles  about  437  b.c.,  and,  at  a  great 
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implMed  in  five  jean.  It  ii  ■  specimen  of  the  military  ushiteetun  of  tl 
he  nme  time  fiimu  i  Kne  entrance  to  the  Aoropolii  of  Athena.  At  the  rei 
ortico  the  roof  of  the  leitibule  vu  supported  irithiii  by  two  tow*  of  loo 
btiaea  still  remain.  By  the  introdiutioti  of  thcK  >n  inereaaed  height  wi 
e  roof,  the  abaci  of  the  Ionic  capital!  being  thus  brought  le«el  with  the  ei 
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friete  of  the  building.      The  Parthenon  ( ^^t.  99.  ami  ]0O.)  erected  a  few  yean  later 
the  tuperiDtendenoe  of  Ictiniu.  is  well  known  as  one  of  the  finest  remains  of  antiquity. 


At  welt  M  the  building  last  mentioned,  it  waa  reared  at  the  period  when  Pericles  had  the 
management  of  public  aflairs,  and  was  without  a  rival  in  Athens.  Phidias  wis  the  super. 
intendcnl  sculptor  employed  ;  and  many  of  the  productioni  which  decorated  this  nugnifi- 
cent  edifice  have  doubtless  become  known  to  the  reader  in  his  visits  to  the  British  Museum, 
where  a  large  portion  of  them  are  now  deposited.  Nearly  eoeval  with  the  Propylsum  and 
Parthenon,  or  perhaps  a  little  earlier,  Is  the  temple  of  Theseus  (fy.  101.),  which  waa,  it 
is  suppmed,  erected  to  receive  the  ashes  of  the  national  hero,  when  removed  from  Scyroa 
to  Athena.  The  ruins  of  the  architectural  monumenu  of  thia  city  attest  that  the  boasted 
power  and  opulence  of  Greece  was  not  an  idle  tale.  Pericles,  indeed,  waa  charged  by  bia 
CDemiea  with  having  brought  diignce  upon  the  Athenians  by  removing  the  public  trea- 


turr«  of  Greece  from  Delos,  mnd  Uvuhing  th«in  in  gilding  their  city,  uid  onuunentiiig  il 
nith  lUtua  and  temples  that  cost 
■  thouund  talents,  u  a  proud  and 
Tain  woman  tdcks  herself  out  vith 
jewels.  (KrtareA's  Lifi  of  Peri- 
cItM.)  The  temple  of  Minerr*,al 
I    Suniura,  vai  prohablj  bjr  Ictinu*  j 

!but  one  of  the  happiest  efforts  of 
tbia  architect  was  the  temple  of 
Apollo  Epicurius,  in  Arcadia,  still 
oearlT  entire.  The  peculiarities 
,  found  in  it  ve  will  shortly  detail 
F  The  (root  hm  ail  column*,  and 
instead  of  thirteen  in  each  flank 
(the  usual  numhei)  there  are  fit 

^^^^  ^   __  _^  on  each  side,  to  the    number  of 

"""  "  '"""""  six,  return  imrards  from  the  walls 

of  the  cell,  each  ending  in  Kmicircular  pilasters  of  the  Ionic  order.  These  seem  to  haie 
been  brought  up  for  the  bcility  of  supporting  the  roof^  which  was  of  stone.  With  the 
exception  of  the  temple  of  Minena  at  Tegea,  its  reputalian  for  beauty  was  such,  that  it 
nirpasied,  if  that  be  a  true  test,  all  other  buildings  in  the  Peloponnesus.  Its  utuation  is 
about  three  or  four  mila  &om  the  ruins  of  Phigalia,  on  an  elevated  put  of  Mount  Cotylui, 
commanding  a  splendid  landscape,  which  is  terminated  hy  the  sea  in  the  distance. 

151.  About  370  B.C.,  Epuninooda*  reitored  the  Messenians  to  independence.  Mid  built 
the  city  of  Meisenev  The  ruins  still  eitanl  prove  that  the  art  at  that  period  had  not  ma- 
terially declined.  Its  walls,  in  many  parts,  are  entire,  and  eihibit  a  fine  example  of  Greinan 
military  architecture  in  their  towera  and  gates.  At  no  distant  time  from  the  age  in  ques- 
tion the  portico  of  Philip  of  Macedon,  at  least  his  name  is  inscribed  on  it,  shows  that  the 
Doric  order  had  undergone  a  great  change  in  its  proportions.  This  portico  must  have  been 
erected  about  ^138  s.c.,  and  aflcr  it  the  Ionic  order  seems  to  have  been  more  fiiToured  and 
cultiTated-      The  last  example  of  the  Doric  is  perhaps  the  portico  of  Augustus,  at  Athens. 

I  jS.  Before  proceeding  to  the  investigation  of  the  Ionic  order,  it  may  here,  perhapr,  be 
a*  well  to  speak  of  the  proportions  between  the  length  and  hreadth  of  temples,  as  compared 
with  the  rule*  given  by  Vxlluvius  (book  iv.  chap,  4.),  that  the  length  of  a  temple  shall  be 
double  its  breadth,  and  the  cell  itself  in  length  one  fourth  part  more  than  the  breadth,  in. 
eluding  the  wall  in  which  the  doors  are  placed.  Though  in  the  Greek  examples  these 
proportions  are  approximated,  an  exact  conformity  with  the  rule  is  not  observed  in  any.  The 
length,  fbr  instance,  of  the  temple  of  Jupiter,  at  Selinus,  is  to  the  breadth  as  2  'OS  to  I ;  in 
the  temple  of  Theacus,  as  S  3  to  1 ;  and  from  the  mean  of  six  examples  of  the  Doric  order. 
^ected  in  Greece  and  Scily.  is  Q'3I  to  I.  If  the  Aanks  be  regulated  in  length  by  making 
the  number  of  intercolumniatioos  exactly  double  those  in  front,  it  will  be  immediately  seen 
that  the  proportions  c^  Vitruvius  are  obtained  on  a  line  passing  through  the  axes  of  the 
columns.  But  as  in  most  of  the  Greek  temples  the  central  intercolumniation  in  fhint  is 
wider  than  the  rest,  the  length  of  the  temple  would  necessarily  be  less  than  twice  the  width. 
In  the  earlier  specimens  of  the  Doric  order  the  length  is  certainly,  as  above  mentioned  in 
the  temple  of  Jupiter  at  Selinus,  very  nearly  in  accordance  with  the  rule ;  but  in  order  to 
coaDterad  the  effect  of  the  central  intercolumniation  bein^  wider,  the  number  of  columns, 
instead  of  Intercolummations  on  the  flank,  is  made  exactly  double  those  in  front.  In 
the  later  examples,  however,  as  in  the  temples  of  'Dieseus  and  the  Parthenon,  uid  some 
othera,  the  number  of  interoolumniations  on  the  flank  was  made  double  the  number  of 
columns  in  the  front,  whence  the  number  of  columns  on  the  flanks  was  double  the  number 
of  those  in  front  and  one  more ;  so  that  the  proportion  became  nearly  in  tbe  ratio  of  S '3  to  1- 
'Hie  simplieity  which  flowed  from  these  arrangemraits  in  the  Grecian  temples  was  such 
that  it  seems  little  more  than  arithmetical  arcbitecture, — so  symmetrical  that  from  the  three 
data,  the  diameter  of  the  column,  the  width  of  the  intercolumniatiDn,  and  the  number  of 
columns  in  front,  all  the  other  parts  might  be  found. 

153.  The  loHic  order,  at  first  chiefly  confined  to  the  states  of  Asia  Minor,  appears  to  have 
been  coeval  with  the  Doric  order.  The  moat  ancient  example  of  it  on  record  is  the  temple 
of  Juno,  at  Samos.  Herodotus  (£ii/ny»)  says,  it  was  one  of  the  moat  stupendous  edifices 
erected  by  the  GreeksL  In  the  Awan  Antiqmtia  (Sd  edit.  vol.  i.  c.  5.)  is  to  be  found  an 
account  <rf  its  ruins.  It  was  erected  about  540  years  a.  c. ,  by  Rhocus  and  'nieodorus,  two 
native!  of  tbe  island.  The  octostyle  temple  of  Bacchus,  at  Teos,  in  whose  praise  Vitruvius 
was  lavish,  shows  by  its  ruins  that  the  old  master  of  our  art  was  well  capable  of  appre- 
ciating the  beauties  of  an  edifice.  Hermogenes,  of  Alabanda,  was  its  architect,  aod  he 
■ems  to  have  been  the  promoter  of  a  great  change  in  the  taste  of  his  day.  Vitruvius 
(lib.  iv.  c.  3.)  telb  at  Ibat  Hermogenes,  "  after  having  prepared  a  large  quantity  of  marble 
F  2 
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for  ■  Doric  lempU.  changed  hii  mind,  and,  vith  the  miterinJi  collected,  madt 
Iodic  order,  in  honour  of  Baccbui,"  We  are  bound,  howerer.  to  olnerTe  upon 
the  itory  ii  not  confirmed  bj  any  other  irriter.  It  i»  probable  that  thii  iplendii: 
vu  railed  after  the  Penian  invuion ;  for,  nccording  to  Strabo  (lib.  xiv, ),  all  t 
cdilicei  or  the  Ionian  citia,  Ephesua  eioepted,  were  deitrojied  b;  Xeties.  B< 
octaitjrle  temple,  thoie  of  Apollo  Didymcui,  near  Miletu>,  built  about  376  x,i 
Minerra  Poliu,  at  Priene,  dedicated  hy  Alexander  of  Macedon,  are  the  chief  t 
thii  order  of  much  fame  in  the  coloniea.  We  shall  therefore  confine  our  rem 
marka  to  the  three  Ionic  lemplei  at  Athena,  and  bIuiII,  u  in  the  Doric  older, 
sjrnoptical  riev  of  their  detail. 
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not  been  accurately  aicerlained.  From  the  earlial  timei  these  perionagei  were  held  in 
high  veneration  by  the  Athenians,  and  it  is  more  than  likely  that  a  conKision  has  viicn 
between  the  ancient  and  modern  edifice*.  The  fbmter  wm  partially  destroyed  by  Xeriea, 
and  there  is  no  certainty  that  the  latter  w»«  restored  by  Pericles. 

156.  In  the  bates  applied  to  the  order  in  the  Athenian  buildings  there  are  two  fori,  viih 
a  Kotin  or  h-ochilui  between  them,  ■  fillet  below  and  above  the  Kotia  separating  it  from 
the  tofL  The  upper  flUet  generally  coincides  with  a  Tertical  line  let  fUl  from  the  extreme 
projection  of  the  upper  torus.  In  the  temple  on  the  llyssus  the  lower  fillet  projects  shout 
half  the  distance  between  the  hollow  of  the  scoiia  and  the  extremity  of  the  inferior  torus. 
The  height  of  the  two  tori  and  scotia  are  iicarlj-  equal,  and  a  benti  is  placed  on  the  upper 
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toms  for  the  reception  of  the  ahaft  of  the  oolumn.  The  temples  of  Erectheus  and  that  on 
the  Iljsaus  haTe  the  lower  tori  of  their  bases  uncut,  whilst  the  upper  ones  are  fluted  hori- 
Bontally.  In  that  of  Minerva  Polias,  the  upper  torus  is  sculptured  with  a  gwUoche.  The 
base  just  described  is  usually  denominated  the  Attic  Bask,  though  also  used  in  the 
colonies.  The  bases,  however,  of  the  temples  of  Minerva  Polias  at  Priene,  and  of  Apollo 
Didymanis  near  Miletus,  are  very  differenUy  formed. 

157.  The  VoLUTC,  the  great  distinguishing  feature  of  the  order,  varies  considerably  in 
the  diflferent  eiamples.  In  the  edifices  on  the  Ilyssus  and  at  Priene,  as  well  as  in  that  of 
Apollo  Didymsus,  the  volute  has  only  one  channel  between  the  revolutions  of  the  spiral ; 
whilst  in  those  of  Erectheus  and  Minerva  Polias,  at  Athens,  each  volute  is  furnished  with 
two  distinct  ^irals  and  channels.  In  the  temple  on  the  Ilyssus,  the  capital  is  terminated  a 
little  below  the  eye  of  the  volute ;  in  the  others  it  reaches  below  the  volutes,  and  is  de- 
corated with  honeysuckle  flowers  and  foliage  The  number  of  flutes,  which  on  the  plan 
ore  usually  elliptical,  is  twenty-four,  and  they  are  separated  by  fillets  from  each  other.  In 
some  examples  they  descend  into  the  apophyge  of  the  shaft. 

158.  The  tomb  of  Theron,  at  Agrigentum,  in  which  Ionic  columns  and  capitals  are 
crowned  with  a  Doric  entablature,  has,  by  some,  been  quoted  as  an  example  of  the  Ionic 
order ;  but  we  do  not  believe  it  to  be  of  any  antiquity,  and,  if  it  were,  it  is  so  anomalous 
a  specimen  that  it  would  be  useless  to  pursue  any  inquiry  into  its  foundation. 

159.  In  the  antm  or  pilasters  <^  this  order,  as  well  as  of  the  Doric,  their  capitals  differ 
in  profile  from  the  columns,  and  are  never  decorated  with  volutes.  Their  breadth  Is  usuaDy 
less  than  a  diameter  of  the  colunm,  and  they  are  not  diminished. 

160.  The  highest  degree  of  refinement  of  Greek  architecture  is  exhibited  in  its  examples 
of  the  Corinthian  order,  whose  distinguishing  feature  is  its  capital.  We  have,  in  a  pre- 
ceding page  (139),  given  Vitruvins's  account  of  its  origin  ;  but  we  much  doubt  whether 
CaUimachus  was  its  inventor. 

161.  The  capitals  of  Egyptian  columns  are  so  close  upon  the  invention,  that  we  ap- 
prehend it  was  only  a  step  or  two  in  advance  of  what  had  previ- 
ously been  done.  The  palm  lea^  lotus  flower,  and  even  volutes, 
had  been  used  in  similar  situations  in  Egypt,  and  the  contour  of 
the  lotus  flower  itself  bears  no  small  resemblance  to  the  bell  of 
the  Corinthian  capital. 

162.  We  are  inclined  to  assign  the  period  of  the  latter  part  of 
the  Peloponnesian  war  as  that  in  which  the  order  first  came  into 
use.  We  find  from  Pausanias  {Aread.  c.  45.)  that  Scopes,  the 
celebrated  architect  of  Paros,  rebuilt  the  temple  of  Minerva  at 
Tegan,  which  was  destroyed  by  fire  about  400  years  ilc,  and  that, 
according  to  that  author,  it  was  the  largest  and  most  beautiful 
edifice  in  the  Peloponnesus.  The  cell,  which  was  hypaethral,  was 
surrounded  by  two  ranks  of  Doric  columns,  which  were  surmounted 
by  others  of  the  Corinthian  order.  The  peristyle  of  this  temple 
was  Ionic. 

163.  The  delicacy  of  formation  of  this  order  has,  doubtless, 
subjected  its  examples  to  earlier  destruction  and  decay  than  have 
att^aded  the  other  orders :  hence  our  knowledge  of  it  is  almost 
confined  to  the  examples  we  meet  of  it  in  the  Tower  of  the  Winds, 
and  the  Choragic  monument  of  Lysicrates  {f^,  103.),  both  at 
Athens;  the  former  whereof  can  scarcely  be  considered  Corinthian, 
and  the  latter  not  very  stricUy  so.  It  was  erected  about  330  years 
B.C.,  as  appears  from  the  inscription  on  the  frieze.  These  Choragic 
buildings,  usually  of  small  dimensions,  were  erected  in  honour  of 
those  who,  as  choragi  or  leaders  of  the  chorus  in  the  musical  games, 
were  honoured  with  the  prise,  which  was  a  tripod.     The  following 

"^   are  the  proportions  observed  in  the  Choragic  monument  of  Ly- 
**  sicrates:  — 

.    11G37 
.     10*318 
1-816 
.      0-888 
.      0«S0 
.      0-483 
,     0-838 


nplOS. 


Height  of  coltimiu  in  EnglUh  feet 

Hejgtit  of  colomns  In  terms  of  lower  diameter 

Height  of  capital  in  terms  of  lower  diameter 

Upper  diameter  of  ahaft  In  termi  of  the  lower  diameter  . 

Bdlght  of  the  architrave  in  tennt  of  the  lower  diameter  . 

Hdght  of  the  friese  in  terms  of  the  lower  diameter 

Height  of  cornice  in  terms  of  the  lower  diameter 

Total  height  of  entabUtore  In  tenns  of  the  lower  diameter 


SI66 


From  which  it  appears  that  the  entabUture  is  less  than  a  fifth  of  the  total  height  of  the 
The  intercolumniations  are  2*200  diameters.     The  base  is  little  different  from  that 


ttsed  in  the  Ionic  order. 

164.   In  the  ornaments  applied  for  the  decoration  of  the  sacred  edifices  of  the  Greeks, 
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they  imitated  the  real  and  syraholical  objects  uted  in  their  worship.  Thus,  at  the  temple 
of  Apollo  at  Teos,  the  lyre,  tripod,  and  griffin  occur ;  in  the  Temple  of  the  Winds  at 
Athens,  the  winds  are  personified  on  the  walls ;  the  Choragic  monument  of  Lysicrates  ex- 
hibits the  consequences  of  a  contempt  of  music ;  on  the  temple  of  Victory,  at  the  entrance 
of  the  Acropolis,  was  recorded,  on  tlie  very  spot,  the  assault  and  repulsion  of  the  Amazons ; 
the  Lapithn  are  vanquished  again  in  the  temple  of  Tlieseus,  the  founder  of  the  city ;  and 
lastly,  in  the  Parthenon  is  brought  before  the  eye,  on  a  belt  round  the  cell  of  the  temple, 
the  Panathenaic  procession,  which,  issuing  from  the  door  of  the  cell,  biennially  perambulated 
the  edifice,  whilst  its  pediment  perpetuates  the  contest  between  Neptune  and  Minerva  fiir 
the  honour  of  naming  the  city,  and  calb  to  remembrance  the  words  of  Cicero,  **  De  quorum,** 
( Atheniensium,)  **urbis  possessione,  propter  pulchritudinem  etiam  inter  deos  certamen 
fuisse  proditum  est,**  &c.  In  the  capitals  of  the  Corinthian  examples  just  noticed  the  leaves 
are  those  of  the  olive,  a  tree  sacred  to  the  tutelary  goddess  of  Athens,  and  on  that  account  as 
well  as  its  beauty  of  form  and  simplicity  adopted  by  a  people  whose  consutency  in  art  has 
never  been  excelled. 

165.  Besides  the  method  of  supporting  an  entablature  by  means  of  colwnns,  the  em- 
ployment of  figures  was  adopted,  as  in  the  temples  of  Erectheus  and  Minerva  Polias  before 
mentioned  (see  jig,  102. ).  They  were  called  Caryctiides  ;  and  their  origin,  according  to  the 
account  of  it  by  Vitruvius  (lib.  i.  c.  1.),  was  that  Carya,  a  city  of  Peloponnesus,  having  as- 
sisted the  Persians  against  the  Grecian  states,  the  latter,  when  the  country  was  freed  from 
their  invaders,  turned  their  arms  against  the  Caryans,  captured  their  city,  put  the  males  to 
the  sword,  and  led  the  women  into  captivity,  llie  architects  of  the  time,  to  perpetuate  the 
ignominy  of  the  people,  substituted  statues  of  these  women  for  columns  in  their  porticoes, 
fiiithftilly  copying  their  ornaments  and  drapery.  It  is,  however,  certain  that  die  origin 
of  their  application  for  architectural  purposes  is  of  far  higher  antiquity  than  the  invasion  of 
Greece  by  the  Persians,  and  in  the  above  account  Vitruvius  is  not  corroborated  by  any 
other  writer.  Herodotus  (Polymnid),  indeed,  observes  that  some  of  the  states  whom  he 
enumerates  sent  the  required  offering  of  salt  and  water  to  Xerxes ;  but  no  m^ition  is  made 
of  Carya,  whose  conduct,  if  punished  in  such  an  extraordinary  manner,  would  have  been  too 
curious  a  matter  to  have  been  passed  over  in  silence.  Whether  the  use  of  statues  to  perform 
the  office  of  columns  travelled  into  Greece  from  India  or  from  Egypt,  we  will  not  pretend 
to  determine.  Both,  however,  will  furnish  examples  of  their  application.  In  the  latter 
country  we  find  them  employed  in  the  tomb  of  King  Osymandyas  ( Diodorus,  tom.  i.  £  56. 
Wesseling).  Diodorus  also,  speaking  of  Psammeticus,  says  that  having  obtained  the  whole 
kingdom,  he  built  a  propylsDum  on  the  east  side  of  the  temple  to  the  god  at  Memphis, 
which  temple  he  encircled  with  a  wall ;  and  in  this  propylsum,  instead  of  columns,  substi- 
tuted colossal  statues  {KoKorrobs  ihro<rT^(rcu)  twelve  cubits  in  height. 

1 66.  The  application  of  status  and  representations  of  animals  is  a  prominent  feature  in  the 
architecture  of  Egypt,  whereof  the  temple  at  Ibsambul  is  a  striking  example,  though  in 
that  the  figures  So  not  absolutely  carry  the  entablature  (see  ^g.  7 1 .).  In  India  many  in* 
stances  of  this  use  of  statues  occur,  as  in  the  excavations  of  the  temple  near  Vellore 
described  by  Sir  C.  MaUet  (^Aaiat.  Res.  vol.  vi.),  wherein  heads  of  lions,  elephants,  and 
imaginary  animals  apparently  support  the  roof  of  the  cave  of  Jugnath  Subba ;  and  at 
Elephanta,  where  colossal  statues  are  ranged  along  the  sides  as  hi^  as  the  underside  of  the 
entablature  {we  Jig.  39.).  But  as  the  settlement  of  the  claims  of  either  of  these  countries 
to  the  invention  is  not  our  object,  we  shall  proceed  to  consider  how  they  obtained  in 
Greece  the  name  that  has  been  applied  to  them  long  before  the  period  of  which  Vitruvius 
speaks. 

167.  Kaf»i>a,  the  nut  tree  (^Nux  juglani),  which  Plutarch  (^Sympos.  lib.  iL)  says  received 
its  name  from  its  effect  (^KdpoSt  sopor)  on  the  senses,  was  that  into  which  Bacchus,  after  co- 
habitation with  her,  transformed  Carya,  one  of  the  three  daughters  of  Dion,  king  of  Laconia, 
by  his  wife  Iphitea.  The  other  daughters,  Orphe  and  Lyco,  were  turned  into  stones  for 
having  too  closely  watched  their  si8ter*s  intercourse  with  the  lover.  Diana,  fitim  whom 
the  Lacedemonians  learnt  this  story,  was  on  that  account,  as  well  perhaps  as  the  excellence 
of  the  fruit  of  the  tree,  therefore  worshipped  by  them  under  the  name  of  Diana  Caryatis. 
(^Serviutf  note  on  8  th  Eel.  of  Virgil,  edit.  Burman.)  Another  account,  however,  not  at  all 
affecting  the  hypothesis,  is  given  of  the  name  of  Diana  Caryatu  in  one  of  the  old  commen- 
tators of  Statins  (^BarthiuMt  lib.  iv.  v.  225.).  It  is  as  follows.  Some  virgins  threatened 
with  danger  whilst  celebrating  the  rites  of  the  goddess,  took  refuge  under  the  branches  of 
a  nut  tree  («caf>va),  in  honour  and  perpetuation  whereof  they  raised  a  temple  to  Diana 
Caryatis.  If  Uiis,  however,  be  an  allusion  to  the  fiunous  interposition  of  Aristomenes  in 
protecting  some  Spartan  virgins  taken  by  his  soldiers,  it  is  not  quite  borne  out  by  the 
words  of  Diodorus.  Salmasius  {ExerciL  PUnian<B^  f.  603.  et  seq.)  says,  that  Diana  was 
worshipped  at  Carya,  near  Sparta,  under  the  name  of  Diana  Caryatis ;  and  that  at  her  temple 
and  statue  the  Lacedemonian  virgins  had  an  anniversary  festival,  with  dancing,  according  to 
the  custom  of  the  country. 

168.  But  to  return  more  closely  to  the  subject,  we  will  give  the  words  of  Pausanias  (Xroco- 
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)  oa  the  temple  to  the  goddess  at  Carya.  **  The  third  turning  to  the  right  leads  to  Carya, 
and  the  aanctuary  of  Diana ;  for  the  neighbourhood  of  Carya  is  sacred  to  that  goddess  and 
her  nymphs.  The  statue  of  Diana  Caryatis  is  in  the  open  air ;  and  in  this  place  the  Lace- 
demonian tirgins  celebrate  an  anniversary  festival  with  the  old  custom  of  the  dance.*' 
Kulmius  on  the  passage  in  question,  after  reference  to  Hesychius,  says,  **  Caryatides  etiam 
dicuntur  Lacanue  saltantes,  sinistriL  ansatae,  uti  solebant  Car3ratide8  puelUe  in  honorem 
Dians." 

169.  From  the  circumstances  above  mentioned,  we  think  it  may  be  fidrly  concluded  that 
the  statues  called  Caryatides  were  originally  applied  to  or  used  about  the  temples  of  Diana ; 
and  that  instead  of  represmting  captives  or  persons  in  a  state  of  ignominy,  they  were  in 
fiiicC  representations  of  the  vir^ns  engaged  in  the  worship  of  that  ooddess.  It  is  probable 
that  after  their  first  introduction  other  figures,  in  buildincs  approprutted  to  other  divinities, 
gradually  employed ;  as  in  the  Pandroseum  (attached  to  the  temple  of  Minerva  Polias), 

for  instance,  where  they  may  be  representations  of  the  virgins 
called  Canephorae,  who  assisted  in  the  Panathenaic  procession. 
Fiff,  104.  is  a  representation  of  one  of  those  used  in  the  Pan- 
droseum (see  also  ^.  102.);  and^.  105.  is  firom  the  Townley  col- 
lection, now  in  the  British  Museum.  Piranen  coi\jectured  that 
this  last,  with  others,  supported  the  entablature  of  an  ancient 
Ronum  building  restored  by  him  from  some  fragments  found  near 
the  spot  where  they  were  discovered,  which  is  rather  more  than  a 
mile  beyond  the  Capo  di  Bove,  near  Rome.  Four  of  the  statues 
were  found ;  and  on  one  of  the  three,  purchased  by  Cardinal  Albani, 
the  following  inscription  was  found :  —  KPITXIN  KAI  NIK0AA02 
EnOITN ;  showing  that  it  was  the  work  of  Greek  artists. 

170.  The  republican  spirit  of  Greece  tended  to  repress  all  ap- 
rj^wiir^  Pig.  105.        pearance  of  luxury  in  their  private  dwellings.     The  people  seem  to 

have  thrown  all  their  power  into  the  splendour  and  magnificence  of 
their  temples ;  and  it  was  not  till  a  late  period  that  their  houses  received  much  attention. 
Except  in  the  open  courts  of  them,  it  is  difficult  to  conceive  any  application  of  the  orders. 
It  is  certain  that  they  frequently  consbted  of  more  than  one  story ;  but  beyond  this  all  is 
conjecture.  In  the  time  of  Demosthenes  (  Orat.  ado.  ArisioeratenC)  the  private  houses  had 
bqpun  to  be  increased  in  extent ;  and  the  description  of  them  by  Vitruvius,  who  knew 
Athens  well,  proves  that  they  then  erected  on  an  extent  implying  vast  luxury. 

171.  Within  the  last  few  years  discoveries  have  been  made  at  Athens,  which  would  lead 
us  to  the  belief  that  it  was  the  practice  of  the  Greeks  to  paint  in  party  colours  every  portion 
of  their  temples,  and  that  in  violently  contrasted  colours.  This  has  received  the  name  of 
pcfyckrama  arehite^mre.  It  is  rather  strange  that  no  ancient  writer  has  q>oken  of  the  prac- 
tice, and  the  only  way  to  account  for  the  omisdon  is  by  supposing  it  to  have  been  so  com- 
mon that  no  one  thou^t  of  mentioning  it.  From  the  information  of  M.  Schaubert,  the 
government  architect  at  Athens,  it  appears  that  every  part  of  the  surface  of  the  Parthenon 
had  a  coating  of  pdhit.  That  the  coffers  of  the  ceiling  were  painted,  and  its  friexe  ornamented 
with  a  fret  in  colours,  was,  he  observes,  known ;  but  the  whole  building,  he  continues,  as 
well  as  other  temples,  was  thickly  painted,  in  the  metops,  in  the  pediment,  on  the  drapery 
of  the  figures,  on  the  capitals,  and  on  all  the  mouldings.  So  that,  as  he  says  with  great 
simplicity,  with  its  mouldings  and  carvings  variously  coloured,  the  simple  Doric  temple  of 
Tboeus  was  in  eflfect  richer  than  the  most  gorgeous  example  of  Corinthian  ;  and  it  would 
be  worth  the  trouble  to  restore  with  accuracy  a  polychrome  temple.  From  M.  Quast 
(  Mittkeihmgen  uber  AU  und  Neu  Athene  Berlin,  1834),  we  learn  that  the  colour  was  not  used 
in  a  fluid  state  merely  for  the  purpose  of  staining  the  marble,  but  in  a  thick  coat,  so  that 
the  material  was  completely  covered ;  and  that  in  the  temple  of  Theseus  this  is  more 
traceable  than  in  any  other.  Though  the  colours,  that  of  blue  sftf^  more  especially, 
have  left  but  a  grey  crust,  yet  their  original  tone  is  still  apparent. , '  Iii"this  building  deep 
Mues  and  reds  are  the  predominant  colours,  so  as  to  relieve  one  another. ,  The  corona  was 
deep  blue,  and  the  guttas  of  a  brown  red ;  the  foliage  of  the  cymatlum  was  alternately 
streaked  with  blue  and  red,  the  ground  being  green,  which  colour  is  applied  to  the  small 
leaves  on  some  of  the  lesser  mouldings.  Some  of  the  coffers  are  coloured  of  a  red  inclining 
to  purple,  on  which  the  ornament  is  given ;  others  exhibit  a  blue  ground,  with  red  stars. 
The  architrave  of  the  portico  was  a  bright  red ;  the  figures  in  the  frieze  were  painted  in 
their  proper  natural  colours :  traces  of  the  colour  show  that  the  walls  were  green.  It 
was  not  discovered  that  in  the  columns  more  than  the  arrises  of  the  flutes  were  painted, 
although  the  echinus  was.  We  do  not  doubt  the  accuracy  of  MM.  Semper  and  Quast ; 
but  after  all  it  is  possible  that  all  this  painting  may  have  been  executed  at  a  period  much 
later  than  that  of  the  buildings  themselves. 

172.  The  most  ancient  theatres  of  Greece  were  constructed  in  a  temporary  manner ;  but 
the  little  security  from  accident  they  afforded  to  a  large  concourse  of  persons  soon  made  the 
Greeks  more  cautious  for  their  security,  and  led  to  edifices  of  stone,  which,  in  the  end,  ex- 
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coHo.  The  Mena  wh  at  firtt  nuretf  •  partition  for  the  iictori  reuhins  quhc  aeroii  the 
Mage,  dmatd  with  .bought  and  leavea,  but  in  after  timei  wai  very  dilftrently  and  more 
eipeniiTelir  constructed.  Il  had  thrre  principal  gatea,  two  on  the  aidea  and  one  in  (he 
centre ;  at  which  lait  the  principal  charactera  entered.  The  whole  aceng  wat  divided  into 
aeveral  parti,  whereof  the  moat  remarkable  vere — the  Bpamlar,  br«ntmm,  under  the  Acwr. 
where  were  dcpoiited  Teueli  full  of  itonea  and  acher  material!  for  imitating  the  sound  of 
thunder ;  the  tirurrli*4or,  rpiictniiai,  a  place  □□  the  top  of  the  scene,  in  which  were  placed 
the  machines  for  ehuiging  the  Tarioua  figures  and  pro^>eets  ;  the  npaintlitta',  pamcexiiat, 
which  serred  the  actors  as  a  dreasing  room  j  the  wponHirior,  pmendtam,  or  stage,  on  which 
the  perfcrmeri  acted  ;  the  epx*|oTpii,  orclmtra,  was  the  part  In  which  the  performert  danced 
and  Ang,  in  the  middle  whereof  was  the  ^jr/iiov  or  r^fUKih  pulpitmnt ;  the  vwovieipitav, 
kypoaeenium,  was  a  partition  under  the  pulpitum,  where  the  munc  was  placed  ;  the  aciXoB', 
COHO,  waa  for  the  reception  of  the  spectators,  and  consisted  of  two  or  thiea  diTisions  of 
senral  seats,  each  riung  above  one  another,  the  lowest  division  being  appropriated  to 
peraoiu  of  rank  and  magittntes,  the  middle  one  to  the  commonalty,  and  the  upper  one  to 
the  women.  Round  the  caves  porticoes  wen  erected  tin  shelter  in  rainj  weather,  the 
theatre  of  the  Greeks  having  do  roof  or  covering.  The  theatre  was  always  dedicated  to 
Bacehua  and  Venua,  the  deitiea  of  sports  and  pleasures  ;  to  the  former,  indeed,  it  is  said 
they  owe  their  origin  :  hence,  the  plays  acted  in  them  were  ctdled  AiontfiBin,  Duntytiaea^ 
at  belonging  to  Aisrwh,  or  Bacchus.  Every  citiien  shared  bj  right  in  the  public  divs> 
don  and  public  debate;  the  theatre  was  therefore  open  to  the  whole  eommunilj. 

1 73.  The  Athenian  ff)npaI.ot/>ni,  were  numerous ;  but  the  two  most  eelebnited  were  the 
old  and  new  forum.  The  old  forum  was  in  the  Ceramicut  within  the  city.  The  ■:«mfalies 
of  the  i>eop1e  were  held  in  it,  hut  its  principal  use  was  as  a  market,  in  which  to  every 
trade  was  assigned  a  particular  portion. 

174.  Hie  supply  of  water  at  Athens  was  chiefly  from  wells,  aqueducts  being  scarcely 
known  there  before  Ibe  time  of  the  Romans.  Some  of  these  wells  were  dug  at  the  public 
expense,  others  by  private  persons. 

175.  The  first  ^ymnaiia  are  said  to  have  been  erected  in  LacedenKmia,  but  were  after- 
wards much  improved  and  extended,  and  became  common  throughout  Greece.  The  gym- 
nasium consisted  of  a  number  of  buildings  united  in  one  enclosure,  whereto  large  num. 
bers  resorted  lor  different  purposes.  In  it  the  philosophers,  rhetoricians,  and  profbHors  of  all 
the  other  sciences,  delivered  their  lectures  ;  in  it  also  the  wrestlers  and  dancers  praeUsed  and 
eiercised  ;  sll  which,  from  its  space,  they  were  enabled  to  do  without  interfering  with  one 
another.  The  chief  parts  (j^.  107.).  following  Vittuviun  <lib,  v.  cap.  II.).  are— a,  the  n- 
fiaT<Auir,ptriiljiliiim,  which  included  the  o^B£j>iffH|(iioi',  i]aA<Tns(crJiim,and*aAaIoT|»,/iabs(ra,- 
I,  8,  »,  are  the  rroai,  oortin...  with  ■  s,  ({fipiv,  txhidra.  where  probably  the  scholars  used 
to  meet ;  4, 4.  is  the  double  portico  looking  to  the  south ;  e,  <^4<awr,  (ptdma,  where  tha 


•pbebi  or  Touthi  eiercb 
■greed  That  kind  of  ck 
ward  ;  D,  ii  the  eorjee 


contend  in,  uid  irhiU  abould  be  the  •ictor'i  re- 
Hlpwr,  cmufiriiuii,  whtr«  the  duM  iru  kept  for 
r  ii  tbe  cold  bMh  {Jripida  loBatio)  ;  a,  the  <Aau- 


^  thit  were   about 

to  wienie  I  B,  the  fiipiitariiai,  or 
cold  chunber ;    i,  |him|^i    to  the 

nieum;  a,  the  hot  bath  (coHda 
latatio);  S,  7,  the  two  portiooea 
deM:ribed  >i  out  of  the  palaatn, 
of  which  T  Ibrnu  the  xfitf,  and 
6  a  double  portico ;  a  a,  the  nar- 
gina,  01  imita  of  the  ijaliu,  to 
■eparste  the  spectaton  from  the 
wreitlen  ;  A  6,  the  middle  part 
excaTated  two  itep*,  c  c,  down ; 
ao,  gardenii  dd,  valka;  le,  ita- 
Homa  for  wats  j  a  a,  JiJffTa,  xygta, 
•ometimea  called  wtpUpefutit,  for 
walking  or  eierci<ea;  >,  the  >(a- 
diam,  with  raised  wati  round  it 

176.  The  rooft  of  the  edie«3 
of  Athnu  Tary  from  M^  to  ISJ 
degrees  in  inclinalion,  a  nibject 
which  will  be  hereafter  fiilly  con- 
sidered, when  we  come  to  inTeati- 
gate  the  principles  of  constructing 
rooft.  In  llome,  as  will  hereafter 
be  aeen,  the  inclination  ia  much 
more,  Tliere  is  nothing  to  war- 
rant □>  in  a  belief  that  the  arch 
waa  known  to  (he  Greeks  (ill  alter 
the  age  of  Aleiander.  Indeed. 
the    want  of  a   name  for  it 


language  ao  generally  copious  as 
.au....  ""  ^'™^'  •"*'!«'  to  «l>ow  that 

tun  D>  A  aui  «¥M»i«.,M.  jj^^  wen  unacquainted  with  it. 

It  waa  most  probably  in  much  earlier  use  in  Italy.  The  wordi  HaXns,  ufm.  and  4«Ai(,  are 
Dot  used  in  a  sense  that  ngnifies  an  arch  until  after  the  r«gn  of  the  aboie-namcd  mo- 
narch ;  nor  is  any  description  eltant  from  which  may  be  conceired  the  conatruction  of  an 
■Tch  on  scientific  principle*. 

177.  From  the  time  of  Pericles  to  that  of  Alexander,  all  the  arts,  and  most  especially 
that  of  aicbitecture,  teem  to  have  attained  a  high  state  of  perfection.  Erery  moral  and 
phpieal  cause  bad  concurred  in  so  adrancing  them.  But  perfection,  when  once  reached 
in  tbe  works  of  man,  is  only  the  commencemeni  of  their  falling  away  from  it.  Liberty, 
tbe  lore  of  couotiy,  ambition  in  erery  deportment  of  life,  had  made  Athens  the  focus  of  the 
arts  and  sciences  :  the  defeat  of  tbe  Persians  at  Marathon  and  other  celebrated  Tictories 
bad  bnmght  peace  to  the  whole  of  the  states  of  Greece.  In  the  space  of  time  preceding 
the  Pdopoonoian  war,  there  seems  to  have  been,  as  it  were,  sn  explosion  of  eiery  spaciei  of 
talent,  and  it  was  at  this  period  that  they  set  about  rebuilding  the  temples  and  other  edifices 
that  tbe  Penlans  had  thrown  down,  of  which  a  wise  policy  had  preserved  the  ruina,  so  that 
the  conteinplBtion  of  desolation  and  misfbrtunc  aObrded  them  an  eloquent  reminisCEnce  of 
(be  peril  in  which  (hey  continually  stood.  It  was  indeed  only  alter  the  flight  of  the  gc. 
Dcral  of  Xenes,  and  the  victory  gained  by  Themistoclea,  that  a  general  re>loratioil  of  their 
maaumenta  and  the  rebuilding  of  Atheiu  wcreset  about  These  were  the  true  trophies  of 
the  battle  of  Salamis.  About  335  years  k.c.  Alexander  became  master  of  Greece.  Filed 
with  erery  niecies  of  glory,  and  jealous  of  leaving  to  posterity  monuments  that  should  be 
tmvortby  of  bis  grcatnesi  and  bme,  or  other  than  prao&  of  the  refinement  of  hie  ti 


is  grcatnesi  a 
thia  prince  gaic  a  new  Impolse  to  genius  by  the  exclui 
nuat  skiUiil  artiata,  and  by  the  liberal  rewards  he  bestow 
Corinth  by  the  Roinans  in  leas  than  two  centu  ' 
(bat  (be  Hne  utt  encountered  in  Greece  ;  their 
plated  by  (he  country  beeoDiing  a  Roman  prori 


choice  that  he  made  of  the 

bestowed  upon  them.      The  sacking  of 

(about  146  a-r.)  was  the  first  disaster 

^rthiow  there  was  soon  siterward)  com- 

:.     At  the  fbrmai  occurrence  Polybius 
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(cited  bj  Strmlio)  mjt,  thu  during  the  plunder  the  Roman  soldUn  were  wen  cuUde 
their  dice  on  the  celebiBted  picture  of  Bacchus  b;  AriitideL     JuTenal  well  deecribei  w^ 


i.  100.)^  — 


Id  part«T«pBrtA 


The  well-kmnrn  ttar;  of  the  consul  Mummiui  Bfaows  either  that  the  higher  tanks  among 
the  RoniBD  iHliieni  vere  not  very  much  enUghtened  on  the  arta,  or  that  he  vai  ■  singuUr 
blockhead.  We  have  now  arrived  at  the  penod  at  which  Greece  wai  despoiled  and  Kome 
enriched,  and  muat  pursue  the  hiilorj  of  the  art  among  the  Romona  ;  incidental  to  which  • 
•hoTt  digrewion  will  be  ncccuary  on  Etruican  architecture. 


ITB.  The  inhabitants  of  Etruria,  a  country  of  Italy,  now  called  Tuacany,  are  supposed 
to  have  been  a  colony  from  Greece.  'Hey  certainly  may  have  been  a  swarm  from  the 
original  hiie  (see  nnddieal,  CcUic,  13. i  and  Cyetupeaa  Archiitcttirt,  32,)  that  paased  through 
Greece  in  their  way  la  Italy.  The  few  remains  oTlbeii  buildings  itill  existing  show,  from 
their  construction,  that  they  are  coeral  with  the  wills  of  Tlryna,  Mycenie  (fy:  9.  and  10. ), 
and  other  works  of  a  very  early  age  ;  and  it  is  cur  own  opinion  that  the  wandering  Irom  that 
great  central  nation,  of  which  we  have  already  so  much  spoken,  was  as  likely  to  conduct  the 
Etrurians  at  once  to  the  spot  on  which  they  settled,  as  to  bring  them  through  Greece  to  the 
place  of  thor  Bettlemenl.  It  is  equally  our  opinion  that,  so  &r  from  the  country  whereof  we 
DOW  treat  having  received  thidr  arts  from  the  Greeks,  it  is  quite  as  possible,  and  even  likely, 
that  the  Creeks  may  have  received  their  arts  from  the  Etruscans.     The  history  of  Etruiia, 

obscurity,  that  there  is  no  sure  guide  for  us.  It  seems  to  he  a  moving  picture  of  constant 
emigration  and  re-emigration  between  the  inhabitants  of  Greece  and  Italy.  The  only  point 
upcm  which  we  can  surely  rest  is,  that  there  were  many  ancient  relations  between  the  two 
countries,  and  that  in  after  times  the  dominion  of  the  Etruscans  extended  to  that  part  of 
Italy  which,  when  it  became  occupied  by  Grecian  colonies,  took  the  name  of  Magna 
Grscia.  The  continual  intercoune  between  the  two  countries  lessens  our  surprise  at  the 
great  similarity  in  thnr  mythology,  in  their  religious  tenets,  and  in  their  early  works  of 
art.  We  are  quite  aware  that  the  learned  Lanii  was  of  opinion  {Sayj/ivdi  lAntpia  Etnttea^ 
that  the  Etruscans  were  not  the  most  ancient  people  of  Italy.  We  ore  not  about  to  dispute 
that  point.  He  draws  his  conclusion  from  language ;  we  draw  our  own  from  a  comparison 
of  the  masonry  employed  in  both  nations,  from  the  remains  whereof  we  should,  if  there  be 
a  difference,  assign  the  earliest  date  to  that  of  Hetniria.      This,  to  be  sure,  leaves  open  the 

cessary  to  settle.  We  have  Winkelman  and  Guamocci  on  our  nde,  who  ftom  medals  and 
coins  arrived  at  ^he  belief  that  among  the  Etruscans  the  arts  were  more  advanced  at  a  very 
early  age  than  among  Che  Greeks ;  and  Dr.  Clarke's  reasoning  tends  to  prove  for  them  a 
Phtenician  origin. 

179.  Great  solidity  of  construction  is  the  prominent  feature  in  Etruscan  architecture. 
Ilieir  cities  were  surrounded  by  walls  cons'istiog  of  enormous  blocks  of  stone,  and  usually 
very  high.      Remains  of  them  ore  still  to  he  seen  at  Volterra  I  fig   108  )   Cortona,  Fiesole 

{fig.  109.),   4c         Mffimhus,-  says    A\  

bei^  {Di  Ri  JEd^JIt   hb   vu    c  2  )       ve-  I  I 

f      terum   orBsertim  dopuIi   Etrurin   Quad  __g-V '  r:n»  \--r 


prBsertim  populi   Etrurin   quad  jtV  '  ?gTt^"H 

eumdemque  vastissimum  lapidem       -J  ,    J  .JTii    r}jT] 


probav^re"      In  the  walls  of  Cortona 
some  of  the  stones  are  upmrds  of 
-        n  length,       '  *         " 


e  been  employed 
The  walls  of  Voltcrra  arc  built  after  the 
H,.nis.  — iiAiww-...  j^g^j,  gigantic  fashion  In  the  carl.est  ""  "'  -  " " '— 
specimens  of  walling,  the  blocks  of  stone  were  of  an  irregular  polygonal  form,  and  so  dis- 
posed as  that  all  their  sides  were  in  close  contact  with  one  another.  Of  this  species  is  the 
wall  at  Cora,  near  Velletri.  The  gates  were  very  umple,  and  built  of  stones  of  an  oblong 
siiuarc  form.     The  gate  of  Hercules,  at  Vollerra,  is  an  arch  consisting  of  nineteen  stones ;  a 
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circumstuwe  which,  if  its  antiquity  be  allowed  to  be  only  of  a  moderately  remote  period, 
would  go  fiff  to  disprove  all  Lanzi's  reasoning,  for,  as  we  have  noticed  in  the  preceding  ar. 
ticle,  the  arch  was  unknown  in  Greece  till  after  the  time  of  Alexander.  According  to  Gori 
(AfiuetcM  Einucvmy,  vestiges  of  theatres  have  been  discovered  among  the  ruins  of  some  of 
tlu»r  cities.  That  they  were  acquainted  with  the  method  of  conducting  theatrical  represent- 
atums  is  evident  from  Livy,  who  mentions  an  occasion  on  which  comedians  were  brought  from 
£truria  to  Rome,  whose  inhabitants  at  the  time  in  question  were  only  accustomed  to  the 
games  of  the  circus.  The  gladiatorial  sports,  which  were  afterwards  so  much  the  delight  of 
the^  Romans,  were  also  borrowed  from  the  same  people.  They  constructed  their  temples 
periptenlly;  the  pediments  of  them  were  decorated  with  statues,  quadrigae,  and  bassi 
lilievi,  in  terra  cotta,  many  whereof  were  remaining  in  the  time  of  Vitruvius  and  Pliny. 
Though  it  is  supposed  that  the  £truscans  made  use  of  wood  in  the  entablatures  of  their 
temples,  it  is  not  to  be  inferred  that  at  even  the  earliest  period  they  were  unacquainted 
with  the  use  of  stone  for  their  architraves  and  lintels,  as  is  sufficiently  proved  in  the  Piscina 
of  Volterra. 

180.  The  Romans,  until  the  conquest  of  Greece,  borrowed  the  taste  of  their  architecture 
from  Etruria.  Even  to  the  time  of  Augustus,  the  species  called  Tuscan  was  to  be  seen  by 
the  side  of  the  acclimatised  temple  of  the  Greeks. 

181.  The  airium  or  court,  in  private  houses,  seems  to  have  been  an  invention  of  the 
Etruscans. .  Festus  derives  its  name  from  its  having  been  first  used  at  Atria,  in  Etruria  : 
**  Dictum  Atrium  quia  id  genus  edifieii  primum  Atriie  in  Etruria  sit  institutum.*'  We 
shall,  however,  allude  in  the  next  section  to  Etruscan  architecture  as  connected  with 
Roman ;  merely  adding  here,  that  in  about  a  year  after  the  death  of  Alexander  the  nation 
fell  under  the  dominion  of  the  Romans. 


SXCT.  XIII. 
EOKAN   AJbCHITBCTUEK. 

18S.  Tbe  Romans  can  scarcely  be  said  to  have  had  an  original  architecture  ;  they  had 
rather  a  modification  of  that  of  the  Greeks.  Their  first  instruction  in  the  art  was  received 
from  the  Etruscansi,  which  was  probably  not  until  the  time  of  the  Tarquins,  when  their 
edifiees  b^an  to  be  constructed  after  fixed  principles,  and  to  receive  appropriate  decoration. 
In  the  time  of  the  fiirst  Tarquin,  who  was  a  native  of  Etruria,  much  had  been  done  to- 
wards the  improvement  of  Rome.  He  brought  from  his  native  country  a  taste  for  that 
grandeur  and  solidity  which  prevailed  in  the  Etruscan  works.  After  many  victories  he 
had  the  honour  of  a  triumph,  and  applied  the  wealth  he  had  acquired  from  the  conquered 
cities  to  building  a  circus,  for  which  a  situation  was  chosen  in  the  valley  which  reached 
ft^Mn  the  Aventine  to  the  Palatine  Hill.  Under  his  reign  the  city  was  fortified,  cleansed, 
and  beautified.  The  walls  were  built  of  hewn  stone,  and  the  low  grounds  about  the  Forum 
drained,  which  prepared  the  way  for  the  second  Tarquin  to  construct  that  Cloaca  Maxima, 
which  was  reckoned  among  the  wonders  of  the  world.  The  Forum  was  surrounded  with 
galleries  by  him ;  and  his  reign  was  further  distinguished  by  the  erection  of  temples,  schools 
foft  both  sexes,  and  halls  for  the  administration  of  public  justice.  This,  according  to  the 
best  chronologies,  must  have  been  upwards  of  610  years  b.  c.  Servius  Tullius  enlarged 
the  city,  and  among  his  other  works  continued  those  of  tbe  temple  of  Jupiter  Capitolinus, 
which  had  been  commenced  by  his  predecessor  ;  but  the  operations  of  both  were  eclipsed 
by  monuments,  tar  which  the  Romans  were  indebted  to  Tarquinius  Superbus,  the  seventh 
king  of  Rome.  Under  him  the  Circus  was  completed,  and  the  most  efiTective  methods 
taken  to  finish  the  Cloaca  Maxima.  This  work,  on  which  neither  labour  nor  expense  was 
spared  to  make  the  work  everlasting,  is  of  wrought  stone,  and  its  height  and  breadth  are 
so  considerable,  that  a  cart  loaded  with  hay  could  pass  through  it.  Hills  and  rocks  were 
cut  through  for  the  purpose  of  passing  the  filth  of  the  city  into  the  Tiber.  Pliny  calls 
the  Cloacae,  **  operum  omnium  dictu  maximum,  suffbssis  montibus,  atque  urbe  pensili,  sub- 
terqoe  navigata.**  The  temple  of  Jupiter  Capitolinus  was  not  finished  till  aHer  the  ex- 
pulsion of  the  kings,  508  b.  c.  ;  but  under  Tarquinius  Superbus  it  was  considerably  ad- 
vanced. In  the  third  consulship  of  Poplicola,  the  temple  was  consecrated.  As  the  name, 
whid)  was  changed,  imports,  this  temple  stood  on  the  Mons  Capitolinus,  and  embraced,  ac- 
cording to  Plutarch,  four  acres  of  ground.  It  was  twice  afterwards  destroyed,  and  twice 
rebuilt  on  the  same  foundations.  Vespasian,  at  a  late  period,  rebuilt  it ;  and  upon  the 
destruction  of  this  last  by  fire,  Domitian  raised  the  most  splendid  of  all,  in  which  the 
gilding  alone  cost  I8/XX)  talents.  It  is  impossible  now  to  trace  the  architecture  of  the 
Romans  through  its  various  ste^w  between  the  time  of  the  last  kins,  508  b.  c,  and  the  sub- 
jugation of  Greece  by  that  people  in  the  year  145  b.  c,  a  period  of  363  years.     The 
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disputes  in  which  they  were  continually  engaged  left  them  little  leisure  for  the  arts  of 
peace ;  yet  the  few  monuments  with  which  we  are  acquainted  show  a  power  and  skill 
that  mark  them  as  an  extraordinary  race.  Thus  in  the  year  397  b.  c,  on  the  occasion  of 
the  siege  of  Veii,  the  prodigy,  as  it  was  supposed,  of  the  lake  of  Alba  overflowing,  when 
there  was  little  water  in  the  neighbouring  rivers,  springs,  and  marshes,  induced  the  au- 
thorities to  make  an  emiatarinmy  at  outlet  for  the  superfluous  water,  which  subsists  to  this 
day.  The  water  of  the  lake  Albano,  which  runs  along  Castel  Oondolfo,  still  passes  through 
it.  A  few  years  after  this  event  an  opportunity  was  a6Porded,  which,  with  more  care  on 
the  part  of  the  authorities,  miffht  have  considerably  improved  it,  after  its  demolition  by 
Brennus.  This  event  oocurred  389  b.  c,  and  was  nearly  the  occasion  of  the  population 
being  removed  to  Veil  altogether,  a  place  which  offered  them  a  spot  fortified  by  art  and 
nature,  good  houses  ready  built,  a  wholesome  air,  and  a  fruitful  territory.  The  eloquence^ 
however,  of  Camillus  prevailed  over  their  despondency.  Livy  (b.  vi. )  observes,  that  in 
the  rebuilding,  the  state  furnished  tiles,  and  the  people  were  allowed  to  take  stone  and 
other  materials  wherever  they  could  find  them,  giving  security  to  finish  their  houses 
within  the  year.  But  the  haste  with  which  they  went  to  work  caused  many  encroach- 
mente  on  each  other's  soil.  Every  one  raised  his  house  where  he  found  a  vacant  q>ace ;  so 
that  in  many  cases  they  built  over  the  common  sewers,  which  before  ran  under  the  streets. 
So  little  taste  for  regularity  and  beauty  was  observed,  that  the  city,  when  rebuilt,  was  even 
less  regular  than  in  the  time  of  Romulus ;  and  though  in  the  time  of  Augustus,  when 
Rome  had  become  the  capital  of  the  world,  the  temples,  palaces,  and  private  houses  were 
more  magnificent  than  before,  yet  these  decorations  could  not  rectify  the  fitult  of  the  plan, 
lliough  perhaps  not  strictly  within  our  own  province,  we  may  here  mention  the  temple 
built  m  honour  of  Juno  Moneta,  in  consequence  of  a  vow  of  L.  Furius  Camillus  when 
before  the  Volsci.  This  was  one  of  the  temples  on  the  Capitoline  hill.  The  epithet  above 
mentioned  was  given  to  the  queen  of  the  gods,  a  short  time  before  the  taking  of  Rome  by 
the  Gauls.  It  was  pretended  that  from  the  temple  of  Juno  a  voice  had  proceeded,  ac- 
companied with  an  earthquake,  and  that  the  voice  had  admonished  the  Romans  to  avert 
the  evils  that  threatened  them  by  sacrificing  a  sow  with  pig.  She  was  hence  called  Moneta 
(from  monere).  The  temple  of  Juno  Moneta  becoming  afterwards  a  public  mint,  the 
medals  stemped  in  it  for  the  current  coin  took  the  name  of  Moneta  (money).  This  temple 
was  erected  about  345  years  b.c.,  on  the  spot  where  the  house  of  Marcus  Manlius  had  stood. 
183.  In  the  time  that  Appius  Claudius  was  censor,  about  309  b.  c,  the  earliest  paved 
road  was  made  by  the  Romans.  It  was  first  carried  to  Capua,  and  afterwards  continued 
to  Brundusium,  a  length  altogether  of  350  miles.  Statius  calls  it  re^na  viamm.  Paved 
with  the  hardest  stone,  it  remains  entire  to  the  present  day.  Its  br^ulth  is  about  14  ft.  ; 
the  stones  of  which  it  is  composed  vary  in  size,  but  so  admirably  was  it  put  together  that 
they  are  like  one  stone.  Its  bed  is  on  two  strate  ;  the  first  of  rough  stones  cemented  with 
mortar,  and  the  second  of  gravel,  the  thickness  altogether  b^ng  about  3  ft  To  the  same 
Appius  Claudius  belongs  the  honour  of  having  raised  the  first  aqueduct.  The  water  with 
which  it  supplied  the  city  was  collected  from  the  neighbourhood  of  Frascati,  about  100  ft. 
above  the  level  of  Rome.  The  Romans  at  this  time  were  fi»t  advancing  in  the  arts  and 
sciences ;  for  in  about  nineteen  years  afterwards  we  find  Papirius,  after  his  victory  over  the 
Samnites,  built  a  temple  to  Quirinus  out  of  a  portion  of  its  spoils.  Upon  this  temple  was 
fixed  (  Pliny f  b.  viL  c.  60. )  the  first  sun-dial  that  Rome  ever  saw.  For  a  long  while  the 
Romans  marked  only  the  rising  and  setting  of  the  sun ;  they  afterwards  observed,  but  in  a 
rude  clumsy  manner,  the  hour  of  noon.  When  the  snn*s  rays  appeared  between  the  rostra 
and  the  house  appointed  for  the  reception  of  the  ambassadors,  a  herald  of  one  of  the  consuls 
proclaimed  with  a  loud  voice  that  it  was  mid-day.  With  the  aid  of  the  dial  they  now  marked 
the  hours  of  the  day,  as  they  soon  after  did  those  of  the  night  by  the  aid  of  the  clepsydra 
or  water-clock.  The  materials  for  carrying  on  the  investigation  are  so  scanty,  and  moreover, 
as  in  the  case  of  Grecian  architecture,  without  examples  whereon  we  can  reason,  that  we 
will  not  detain  the  reader  with  further  speculations,  but  at  once  proceed  to  that  period 
(145  B.C.)  when  Greece  was  reduced  to  a  Roman  province.  Art,  in  the  strict  application 
of  that  word,  was  not  properly  understood  by  the  victorious  Romans ;  and  a  barrenness 
appears  to  have  clung  about  that  whereof  we  treat,  even  with  all  the  advantages  that  Rome 
possessed.  It  may  be  supposed  that  the  impulse  given  to  the  arts  would  have  been  inune^ 
diate ;  bullf  like  the  waves  generated  by  the  ocean  storm,  a  succession  of  thou  was  necessary 
before  the  billows  would  approach  the  coast.  Perhaps,  though  it  be  only  conjectural,  the 
first  effect  was  visible  in  the  temple  reared  to  Minerva  at  Rome,  out  of  the  spoils  of  the 
Mithridatic  war,  by  Pompey  the  Great,  about  sixty  years  b.c.,  after  a  triumph  imparalleled 
perhaps  in  the  history  of  the  world ;  after  the  conclusion  of  a  war  of  thirty  years'  duration, 
in  which  upwards  of  two  millions  of  his  fellow-creatures  had  been  slain  and  vanquished ; 
after  846  ships  had  been  sunk  or  taken,  and  1538  towns  and  fortresses  had  been  reduced 
to  the  power  of  the  empire,  and  all  the  countries  between  the  lake  Maotis  and  the  Red 
Sea  had  been  subdued.  It  is  to  be  regretted  that  no  remains  of  Uiis  temple  exist  The 
inscription  {PUn,  lib.  vii.  c.  26.)  was  as  follows :  — 
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CN  .  rouPBius  .  cv  .  r  ,  magkus  .  imp  . 

BBLLO  .   XZX  .   AWKORUX  .  COKPSCTO  . 

rUSIS  .    PUOATIS  .  OCCISU  .   IN  .  DBBITIONSX  .   ACCSPTIS  . 

HOKIMUM  .  CSNTISS  .   VICIXS  .   SVXSL  .  CKMTtVIS  . 

LXXXIII  .  M  . 

DKmxSSiS  .  AUT  .  CArr  .  natibus  .  dcccxlvi 
ornms  .  castkllis  .  mdixxtiii 

IN  .  PIDKM  .  KXCKPTIS  . 
TKXRIS  .   A  .  KAXOn  .  LACIT  .  AD  .   RUBRUM  .   MARX 

suBAcns  . 

▼OTUH  .  XXRITO  .  MINXRVJB  . 

184.  Hie  Tillas  of  the  Romans  at  this  period  were  of  considerable  extent;  the  statues 
of  Greece  had  been  acquired  lor  their  decoration,  and  every  luxury  in  the  way  of  decora- 
tion that  the  age  eould  aflbrd  had  been  poured  into  them  from  the  plentiAil  supply  that 
Greek  art  aflbrded.  To  such  an  extreme  was  carried  the  determination  to  possess  every 
thing  that  talent  could  supply,  that  we  find  Cicero  was  in  the  habit  of  employing  two 
architects,  Chrysippus  and  Cluatius  (ad  Attieum,  lib.  iii.  epist  29.  and  lib.  xii.  epist.  18.); 
the  first  certainly,  the  last  probably  a  Greek.  Their  extent  would  scarcely  be  credited  but 
for  the  corroboration  we  have  of  it  in  some  of  their  ruins. 

185.  Until  the  time  of  Pompey  no  permanent  theatre  existed  in  Rome :  the  ancient  dis- 
cipline requiring  that  the  theatre  should  continue  no  longer  than  the  shows  lasted.  The 
most  splendid  temporary  theatre  was  that  of  M.  ^milius  Scaurus,  who,  when  aedile,  erected 
one  capable  of  containing  80,000  persons,  which  was  decorated,  from  all  accounts,  with  sin. 
gulsr  magnificence  and  at  an  amaxing  cc»st  History  (Plin.  xxxri.  15.)  records  an  extra- 
ordinary instance  of  mechanical  skill,  in  the  theatre  erected  by  Curio,  one  of  Caesar's  par- 
tisans, at  the  funeral  exhibition  in  honour  of  his  fiither.  Two  large  theatres  of  timber 
were  constructed  beck  to  back,  and  on  one  side  so  connected  with  hinges  and  machinery 
for  the  purpose  that  when  the  theatrical  exhibitions  had  closed  they  were  wheeled  or 
slung  round  so  as  to  fi>rm  an  amphitheatre,  wherein,  in  the  afternoon,  shows  of  gladiators 
were  given.  Returning,  however,  to  the  theatre  erected  by  Pompey,  which,  to  avoid 
the  animadTerston  of  the  censors,  he  dedicated  as  a  temple  to  Venus :  the  plan  ( Hiny, 
viL  S. )  was  taken  firora  that  at  Mitylene,  but  so  enlarged  as  to  be  capable  of  containing 
40fiOO  persons.  Round  it  was  a  portico  for  shelter  in  ease  of  bad  weather :  a  curia 
or  senate  house  was  attached  to  it  with  a  basilica  or  hall  for  the  administration  of  jus- 
tice. Tlie  statues  of  male  and  female  persons  celebrated  ibr  their  lives  and  characters 
were  selected  and  placed  in  it  by  Atticus,  for  his  attention  to  which  Cicero  (Epi$t.  ad 
Athc.  iv.  9.)  was  commissioned  by  Pompey  to  convey  his  thanks.  The  temple  of  Venus, 
which  was  attached  to  avoid  the  breach  of  the  laws  committed,  was  so  contrived  that  the 
seats  of  the  theatre  served  ss  steps  to  the  temple ;  a  contrivance  which  also  served  to  escape 
the  reproach  of  encountering  so  vast  an  expense  ibr  mere  luxury,  ibr  the  temple  was  so 
placed  that  those  who  visited  the  theatre  might  seem  at  the  same  time  to  come  for  the 
porpose  of  worshipping  the  goddess.  At  the  solemnity  of  its  dedication  the  people  were 
entertained  with  the  most  magnificent  shows  that  had  ever  been  exhibited  in  Rome.  We 
cannot  prolong  the  account  of  this  edifice  by  detailing  them, — indeed  that  would  be  foreign 
to  our  purpose ;  but  we  may  add,  that  such  a  building  presents  to  us  a  genuine  idea  of  the 
vast  grandeur  and  wealth  of  those  principal  subjects  of  Rome,  who  from  their  own  private 
revenues  could  rear  such  magnificent  buildings,  and  provide  fi>r  the  entertainment  of  the 
people  shows  to  which  all  the  quarters  of  the  globe  contributed,  and  which  no  monarch 
now  on  earth  could  aflbrd  to  exhibit.     This  theatre  was  finished  about  54  b.c. 

186.  In  the  year  45  b.c.  Rome  witnessed  a  triumph  not  less  extraordinary  than  that  we 
have  just  recorded, — that  of  Julius  Caesar  on  his  return  from  Utica.  FVom  the  commence- 
ment of  the  civil  war  that  had  raged  he  had  found  no  leisure  for  celebrating  the  triumphs 
which  induced  the  people  to  create  him  dictator  for  ten  years,  and  to  place  his  statue  in  the 
Capitol  opponte  to  that  of  Jupiter,  with  the  globe  of  the  earth  under  his  feet,  and  the  in- 
scription **  To  Caesar  the  Demi- God."  We  need  scarcely  remind  our  readers  that  his 
first  triumph  was  over  the  Gauls ;  that  this  was  followed  by  that  over  Ptolemy  a^d  Egypt ; 
the  third  over  Phamaoes  and  Pontus ;  and  the  fi>urth  over  Juba.  The  triumph  recorded 
these  appropriately ;  but  we  leave  that — merely  observing,  by  the  way,  that  the  fruit  of  his 
victories  amounted  to  65,000  talents  and  2822  crowns  of  gold,  weighing  together  20,414 
Roman  pounds, — to  state  that  on  this  occasion  the  Circus  was  enlarged,  a  lake  sunk  for  the 
exhibition  of  I^^3rptian  and  Tyrian  galleys,  and  that  in  the  same  year  he  dedicated  a  temple 
to  Venus  Genetrix,  and  opened  his  new  forum.  Warriors  are  not  often  inclined  to  call  in 
the  aid  of  the  arts,  except  for  commemorating  their  own  actions.  Not  so  with  Oesar.  In 
the  year  44  b.c.,  after  his  triumph  over  the  sons  of  Pompey,  we  once  more  find  him  engaged 
in  the  arts  of  peace.  A  temple  to  Clemency  was  erected  by  him,  in  which  his  statue  was 
placed  near  to  that  of  the  goddess,  and  joining  hands  with  her.      In  the  next  year  he  laid 
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the  founcUtions  of  what  at  the  time  were  considered  two  magnificent  edifices  for  the  orna- 
ment of  the  city :  a  temple  to  Venus,  which  for  grandeur  it  is  supposed  would  have  sur- 
passed every  example  of  that  kind  in  the  world ;  and  a  theatre  of  very  gigantic  dimensions, 
— both  which  were  afterwards  completed  by  Augustus.  But  the  projects  he  conceived  were 
only  equalled  by  those  of  Alexander.  He  began  the  rebuilding  and  repair  of  many  towns 
in  Italy ;  the  drainage  of  the  Pontine  marshes,  the  malaria  of  which  is  the  curse  of  Rome 
to  the  present  day ;  the  formation  of  a  new  bed  for  the  Tiber  from  Rome  to  the  sea,  for  the 
purpose  of  improving  the  navigation  of  that  river ;  the  formation  of  a  port  at  Ostia  for  the 
reception  of  first-rate  ships ;  a  causeway  over  the  Apennines  from  the  Adriatic  to  Rome  ; 
the  rebuilding  of  Corinth  and  Carthage,  whither  colonies  had  been  sent  by  him,  a  scheme 
afterwards  perfected  by  Augustus ;  a  canal  through  the  Isthmus  of  Corinth  to  avoid  the 
navigation  round  the  Peloponnesus ;  and  Lastly,  the  formation  of  an  exact  geographical 
map  of  the  Roman  empire,  with  the  roads  marked  thereon,  and  the  distances  of  tibe  towns 
from  each  other.     Such  was  Caesar,  whom  to  eulogise  would  be  impertinent. 

187.  Augustus  deprived  the  Romans  of  their  liberty,  and  in  return  for  the  deprivation 
consoled  them  with  all  the  gratification  the  arts  could  supply.  The  victorious  Romans 
had  known  little  of  the  arts  in  their  highest  state  of  refinement,  and  the  d^praded  Greeks 
were  constrained  to  n^lect  them.  They  were  in  a  state  of  barrenness  during  a  portion  of 
the  last  age  of  the  Roman  republic ;  nor  did  they  exhibit  any  signs  of  fruitfulness  until 
Ciesar  had  established  the  empire  on  the  ruins  of  the  expiring  republic,  and  his  successor, 
giving  peace  to  the  universe,  closed  the  temple  of  Janus,  and  opened  that  of  the  arts.  By 
him  skilful  artists,  pupils  of  the  great  masters,  were  invited  from  Grreece,  where,  though 
languishing,  they  were  yet  silently  working  without  fiune  or  encouragement.  Some  who 
had  been  led  into  slavery,  like  Rachel  of  old,  carried  their  gods  with  them  —  the  gods  of  the 
arts.  Encouraged  by  the  rising  taste  of  their  masters,  they  now  began  to  develop  the 
powers  they  possessed,  and  their  productions  became  necessary  to  the  gratification  of  the 
people.  Thus  it  was  that  our  art,  among  the  others,  bom  and  reared  in  Greece,  made 
Italy  its  adopted  country,  and  there  shone  with  undiminished  splendour,  though  perhaps 
less  happy  and  less  durable.  Though  the  exotic  might  have  lost  some  beauties  in  the  soil  to 
which  it  was  transplanted,  the  stock  possessed  such  extraordinary  vigour  that  grafts  from 
it  still  continue  to  be  propagated  in  every  quarter  of  the  globe. 

1 88.  The  Greek  architects  who  settled  in  Italy  executed  works  of  surprising  beauty : 
they  raised  up  pupils,  and  founded  a  school.  It  must  be  conceded  that  it  was  more  an 
imitative  than  an  original  school,  wherein  it  was  necessary  to  engraft  Roman  taste  which 
was  modified  by  di6Perent  habits  and  climate,  on  Greek  art.  And  here  we  cannot  refrain 
from  an  observation  or  two  upon  the  practice  in  these  days  of  comparing  Greek  and  Roman 
architecture.  Each  was  suitable  to  the  nation  that  used  it ;  the  forms  of  Greek  columns, 
their  intercoluminations,  the  inclination  of  the  pediment,  were  necessarily  changed  in  a 
country  lying  between  four  and  five  degrees  further  north  from  the  equator.  But  the  su- 
perficial writers,  whose  knowledge  occasionally  appears  to  instruct  the  world,  never  take 
these  matters  into  their  consideration  ;  and  we  regret,  indeed,  to  admit  that  in  this  country 
the  philosophy  of  the  art  is  little  understood  by  the  public,  from  the  professors  being  ge. 
nerally  too  much  engaged  in  its  practice  to  afford  them  leisure  for  diffusing  the  knowledge 
they  possess. 

1 89.  The  Romans  were  trained  to  arms  from  their  cradle ;  and  that  they  were  very  averse 
to  the  cultivation  of  the  arts  by  their  youth,  the  passage  in  the  JEneid  (b.  vi.  v.  847. ),  which 
has  been  so  often  quoted,  is  a  sufficient  proof:  — 

Rxcadent  slH  spirantia  moUiai  ipra 

Credo  equidem:  rivoi  ducent  e  marmore  Tultut. 

•  «•••« 

Tu  regere  imperio  populot,  Romane,  memento ; 
Ha>  tlbi  erunt  aitet. 

1 90.  They  were  at  all  times  anxious  to  subjugate  for  their  own  purposes  those  nations 
that  successfully  cultivated  the  arts ;  a  motive  which,  joined  to  the  desire  of  aggrandisement, 
induced  them  at  a  very  early  period  to  carry  their  arms  against  the  Etruscans,  who  were  in 
a  far  higher  state  of  cultivation  Ihan  themselves.  This  was  also  one  motive  to  their  con- 
duct in  Sicily  and  Asia  Minor;  whence,  as  well  as  from  Greece,  they  drew  supplies  of 
artists  for  Rome,  instead  of  employing  their  own  citizens.  Though  in  Rome  architecture 
lost  in  simplicity,  it  gained  in  magnificence.  It  there  took  deeper  root  than  the  other  arts, 
from  its  affording,  by  the  dimensions  of  its  monuments,  more  splendour  to  the  character  of 
so  dominating  a  nation.  Its  forms  are  more  susceptible  of  real  grandeur  than  those  of  the 
other  arts  which  are  put  in  juxtaposition  with  nature  herself;  and  hence  they  were  more 
in  keeping  with  the  politics  of  the  people.  The  patronage  of  the  fine  arts  by  Augustus 
has  never  before  or  since  been  equalled.  They  followed  his  good  fortune,  they  dwelt  in 
the  palace,  and  sat  on  the  throne  with  him.  His  boast  was  not  a  vain  one,  when  be  asserted 
that  he  found  his  capital  built  of  brick  and  left  it  of  marble.  By  him  was  reared  in  the 
capital  in  question  the  temple  and  forum  of  Mars  the  Avenger ;  the  temple  of  Jupiter 


n  the  Capitol ;  that  of  Apollo  PaUtine,  with  public  libruio  i  the  portico  and 
tanliea  of  Caiiu  and  Ltuiuai  the  partlcoa  of  Li  via  and  OcUviai  and  the  theatre  of  Mar- 
~  "  '^-  — mple,"  Mji  Gibbon,  "  of  the  wrereign  *u  imiuted  by  hi*  miniiten 

K,.  fti.nj  i„^»„a  left  bgiiiiuj  j^„,  ,|,g  immortal  monuoient  of  the  Pan- 

1 91 .  Under  Tiberiiu  and  Caligula  architecture  leemi  to  bave  been  in  a  tMIe  of  Unguor, 
nor  do  wc  know  of  ao;  thing  in  Ibe  reign  of  Claudiui  the  Afth  Ciesar,  lave  tba  completion 
€rf  one  of  the  6aut  aquedueti  of  Ronie.  that  of  Ajmo  Claudia,  whone  lei^  ii  *6  m.,  in 
more  than  ten  whereof  the  water  panes  oyer  archa  luied  more  than  100  ft.  from  the  lur. 
&«  of  the  ground.  Nero'*  reign,  though  his  taile  bordered  more  on  »how  than  inlrinaio 
beaul;.  waa  on  the  whole  (kiaurable  to  arehitccture.  Much  could  not  be  eipected  of  a 
man  who  cOTercd  with  gilding  a  rtatue  of  Aleiander,  and  decapitated  fine  statues  for  the 
foifott  of  nibatituting  his  own  bead  for  that  of  the  original.  The  colonal  naluei  of  him. 
adf  which  be  eauaed  to  be  loulptured  indicate  ■  miod  prone  to  vice  and  eiceaa.  The  same 
ta*e  fi>r  eraggeralion  was  carried  into  his  buildinga.  His  prodigality  in  every  way  was 
ineahwiatible ;  ile  HeBU  rather  to  have  left  monuments  of  expenditure  than  of  taste.  A 
palace  which  frnni  its  eitraordinary  richness  has  been  called  the  Domxi  Anna,  was  erected 
fcr  him  by  his  architects  Severus  and  Celcr.  than  which  nothing  could  be  more  brilliant 
nor  p>rgcoiis  ;  beyond  it  no  pomp  of  deeoration  could  be  conceiTed.  In  the  midst  of  so 
much  wealth  the  only  object  of  contempt  was  its  possessor.  The  reader  may  form  some 
notion  <rf  it  when  told  (Hi'a.  lib.  xiitL  )  thai  in  finishing  a  part  rf  it  Otho  laid  out  a  sum 
equivalent  to  near  VAfiOOL  sterlbig. 

1 99.  Galfaa,  Otho,  and  Vitellius  can  scarcely  be  said  to  have  reigned.  It  was  reserved 
far  Vespauan  and  his  son  Titus,  the  tenth  and  eleventh  Ciesars,  to  aidoaish  the  ciiy.  and 
indeed  the  world,  by  such  masses  of  b)iUding  in  amphitheatres  and  baths  as  we  may  predict 
it  will  never  agwn  see  reared.      The  Coliseum  {Jtg.  11a),  so  named,  according  to  some, 

according  to  othen,  with  more 
probability,  from  its  proximity  to 
a  caloswl  statue  of  Nero,  was  com- 
meoced  by  the  father,  and  finished 
by  the  son.  According  to  Justus 
Ijpaius,  the  seats  would  hold 
8T/XX>  persons;  to  this  number 
Fontana  adds  10,000,  which  the 
upper  porticoes  would  contain. 
*'■  ■.  and  13,000  more  in  other  parts ; 

'-■    making  a  total  of  109,000  spec- 
tator! who   could  view    at    their 
r^  IM  m  nuna.  MK  the  sports    and   combats   in 

the  arena-    We  do  not  think  there 


The  reader  will  from  the  above  description  identify   the 

Onnli  Cmarwcedsl  labor  ampkllhialrg, 

■■  Biennio  post  ac  menses  novem  amphilfaeatri  per&ctD  opere,"  is  the  expresson  of  ^dOT 
in  respect  to  the  time  employed  in  iU  construction.  Though  the  monument  itself  be 
astonishing,  still  more  so  is  it  that  such  a  mass  should  have  taken  only  two  years  and  nine 
DioDlbi  in  building,  even  with  all  the  means  that  the  emperors  had  under  their  power.  We 
shall  rovrve  a  more  particular  description  of  it  for  a  subsequent  page.  In  spite  of  the  ra- 
vages of  time,  and  the  hands,  ancient  and  modern,  which  have  despoiled  it  "■-  ■' ' — '-'- 

enough  still  remains  completely  t  

to  form  a  perfect  idea  of  the  imr 
wonders  of  the  age.  The  remains  of  Ihcm  are  not  so  perfect  ss  others,  but  they  ate  still 
majestic.  Beudcs  the  edifices  erected  by  Vespasian  and  hU  son,  they  made  it  a  part  of 
thnr  duty  to  take  measures  for  the  preservation  of  those  which  existed,  and  were  in  need 
of  t¥paiT  and  restoration. 

193.  The  last  Desbt.  Doroituui,  was  of  a  dispoution  too  wicked  lo  be  of  service  to  his 
country :  his  reign  was,  fortunately  for  it.  but  short.  In  the  year  9S,  on  the  death  of  Nerva, 
Tn^an  became  master  of  the  empire.  He  had  served  against  Ibe  Jews  under  Vespasian 
and  Titus,  and  probably  acquired  from  them  and  their  example  a  great  taste  for  anhi- 
tecture,  in  which  be  shed  a  lustre  upon  the  country  as  great  as  his  splendid  victories  over 
the  Persans  and  Dadans  gained  for  it  in  the  field.  Of  his  work*,  which,  aa  Gibbon  says. 
bear  the  stamp  of  his  genius,  his  bridge  over  the  Danube  muat  have  been  a  mrprinng 
effort.      According  to  EHo  Cainus,  this  bridge  was  constructed  with  twenty  stone  pier*  in 
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tbe  livir,  1,^0  fi,  high  and  60  IM  wide,  bearing  archnof  ITOft.  span.  It  vu  deatroyrd 
b;  Hadrian,  his  luccoioT  :  ■»■£  mj  out  of  en*y  ;  but  the  plea  na,  that  it  lemd  the  bar- 
hanan*  as  an  inlet  to  the  empire,  aa  much  aa  it  Ikeititated  the  passage  of  ita  troop*  to  keep 
them  in  subjection.  H»  triumphal  arcbo,  hii  column  (jf;.  111.),  and  forum,  and  other 
works,  atteit  the  vigour  uid  beautj  of  the  art  under  the 
reign  of  TV^Jan.  Tbe  fbrum  wu  a  quadrangle  *ur- 
rounded  by  a  lofty  portico,  into  which  (Ke  eMrance  ma 
tiirougb  four  triumphal  arehea,  and  in  the  centra  via  the 
column.  Apollodorua  wai  his  prmeipal  architect,  by 
whom  was  erected  the  column  above  mentioned,  vhich 
was  not  only  the  chcf-d'ceurre  of  the  age,  but  hat  never 
been  surpiaed.  It  is  1 10  ft.  high,  thus  marking  the 
height  of  the  hill  that  had  been  cut  away  to  receiTe  tbe 
(brum.  ■■  'Die  public  monument!  with  which  Hadrian 
adorned  every  province  of  the  empire  were  executed 
not  only  by  hia  orders,  but  urnler  his  immediate  inspec- 
tion. He  was  himself  an  artist ;  and  he  loved  the  arts, 
aa  they  conduced  to  the  glory  of  the  monarch.  They 
were  encouraged  by  the  AntoniDes,  as  they  contributed 
to  the  happiness  of  the  people.  But  if  they  were  the 
first,  they  were  not  the  only  architecU  of  their  domi- 
nions. Their  eiample  was  univErsally  imitated  b^  their 
principal  subjects,  who  were  not  afraid  of  declaring  to 
the  world  that  they  had  spirit  (o  conceive  and  w«lth 
to  accomplish  the  noblest  undertakings.  Scaroely  had 
I  the  proud  structure  of  the  ColiBCum  been  dedicated  at 
Rome,  before  ediBcea  of  a  smaller  scale  indeed,  hut  of 
Fii.  luvai,  i»  r>iii>.  ij^^  same  design  and  materials,  were  erected  for  the  use 

\  of  Capua  and  Verona.  The  inscription  of  the  Mupendoua 
it  was  thrown  over  the  Tagus  by  the  contribution  of  a  few 
When  Pliny  was  entrusted  with  the  government  of  Bithynia  and 
lees  ny  no  means  the  richest  or  most  considerable  <^  the  empire,  he  found 
n  his  jurisdiction  striving  with  each  other  in  every  useftil  and  ornamental 
work  that  might  deaerva  the  curiosity  rf  strangers,  or  the  gratitude  of  their  cltiiena  It 
was  the  duty  of  the  proconsul  to  supply  their  deficiencies,  to  direct  their  taste,  and  some- 
time* to  moilerate  their  emulation.  The  opulent  senators  of  Rome  and  the  province* 
esteemed  it  an  honour,  and  almost  an  obligation,  to  adorn  the  splendour  of  their  age  and 
country ;  and  the  influence  of  fashion  very  frequently  v^ppl'cd  tbe  want  of  taste  or 
generosity.  Among  a  crowd  of  these  privile  bene&ctors,  we  select  Herodes  Atticus,  an 
Atbenian  citizen,  who  lived  in  the  age  of  the  Antonines.  Whatever  might  be  the  motive 
of  hi  1  conduct,  his  magoificence  would  have  been  worthy  of  the  greatest  kings. "  We  make 
no  apology  f«  so  long  a  quoution  from  the  historian  of  the  Drcllm  md  Fall,  whose  ei- 
presuons  arc  so  suitable  to  our  purpose.  The  &mily  of  Herod  was  bighly  descended*;  but 
bis  grand&ther  had  auSered  by  tbe  hands  of  justice  ;  and  Julius  Atticus,  his  &ther.  must 
have  died  in  poverty,  hut  for  the  discovery  of  an  immense  treasure  in  an  old  house,  the 
only  piece  of  his  patrimony  that  remained.  By  the  law  this  would  have  been  the  property 
of  the  emperor,  to  whom  Juliua  gave  immediate  information.  Nerva  the  Just,  who  was 
then  on  the  thrune,  refund  to  aecepi  it,  dcuring  bim  to  keep  it  and  use  It.  Tbe  cautious 
Athenian  hesitatingly  replied,  that  the  treasure  was  too  large  for  a  subject,  and  (hat  he 
knew  not  how  to  ui  it.  The  emperor  replied,  "  Abiut  it  rAia.  Ibr  'tis  your  own."  He 
seems  really  to  have  followed  the  monarch's  bidding,  for  he  expended  the  greatest  pari  of 
it  in  the  service  of  the  public.  This  man's  son,  Herodes,  had  acquired  the  prefecture  of  the 
free  raties  of  Asia,  among  which  the  town  of  TYoas  being  ill  supplied  with  water,  he  ob- 
taitwd  from  the  munificence  of  Hadrian  a  sum  equivalent  to  100,0002.  sterling  for  con- 
structiog  a  new  aqueduct.  The  work  on  eiecution  amounted  to  double  the  estimate  ;  and 
on  the  oRicers  of  tbe  revenue  complaining.  Atlicus  charged  himself  with  the  whole  of  the 
additional  expense.  Some  considerable  ruins  still  preserve  the  &me  of  his  tasle  and  muni- 
ficence. The  Stadium  which  he  erected  ai  Athens  was  600  ft.  in  length,  entirely  of  white 
marble,  and  capable  of  recei  ing  the  whole  body  of  the  people.  To  the  memory  of  his 
wife,  Regilla,  he  dedicated  a  theatre,  in  which  no  wood  except  cedar  was  employed.  He 
restored  the  Odeum  to  its  ancient  beauty  ana  magnificence.  His  boundless  liberality  was 
not,  however,  confined  within  the  city  of  Athens.  ■■  The  most  splendid  omamenta,"  says 
Gibbon.  "  bestowed  on  the  temple  of  Neptune  in  the  Isthmus,  a  theatre  at  Corinth,  a 
stadium  at  Delphi,  a  hath  at  ThermopyUe,  and  an  aqueduct  at  Canusium  in  Italy,  were 
insulhcient  to  exhaust  his  treasures.  The  people  oF  Epirus,  Theasaly,  Eubcea.  B(»tia, 
and  Peloponnesus  eipcrienced  his  bvourt.  and  many  inscriptions  of  the  citiet  of  Greece 
and  Aj^ia  gratefully  style  Herodes  Atticus  their  patron  and  lieneTactor. " 
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ru  itill  pnetued  villi  nicecH  under  tba  AntooioH,  lb*  ■ucMMon  of 
n  Harena  Aurditu  wat  •great  patroDof  the  arts.  On  thaaa  hutoij 
liat  tbc  cKot  of  the  indiridoal  oharaetcr  of  the  ntemgn,  and  the 
ircumMaoeca  of  hii  reign,  arc  »  influentia)  at  to  enable  ua  from  tbe 
ia  tfaa  praparity  oTthe  Gnt. 
I9&  Tba  ra^dity  vitb  whieb  after  tbe  lime  of  Commodiu,  that  moat  unworthj  ion  of 
a  wonbjr  father,  the  ampcnn*  mceaaded  each  other,  wai  as  uDbTOimble  for  the  arte  ai  for 
tbar  oounlr;.  A  little  ataod  waa  made  against  their  rapid  decline,  under  Septimiua 
Sercnn.  whose  tnumphal  arch  etJU  remaiiu  ■•  a  link  in  the  chain  of  their  decay,  and 
pnhepa  the  fint.  It  is  diffioult  to  goncmie  huo  in  ao  ihort  a  period  from  tbe  time  of 
Uareui  Aureliua,  not  thirty  years,  leulpture  had  so  loet  ground.  Id  the  arch  commonly 
called  that  of  the  Goldamiths,  the  fomi  and  character  of  good  architecture  ii  entirely 
obliterated.      Its  proBlta  are  lioious,  and  its  omamenti  debased  and  orereharged. 

1 96.  Tbe  art  was  •oinevbal  reauwntated  under  Alexander  Sererus,  but  it  was  bat  follow- 
ing tbe  litta  of  tbe  empire  ia  the  West,  aud  had  become  almost  lifblaa  under  Valoriaa 
and  hit  son  Gallicnus,  vboae  arch  is  an  index  to  its  state  in  bis  reign.  The  number  of  oom- 
pctjlora  for  tbe  purple,  and  the  ittcunioiu  of  the  barbarians,  were  felt.  Aurelian  and 
Probus  sospeDded  its  total  annihilation  ;  but  their  reigna  were  unfortunately  too  ibort  to 
do  it  aubetMtial  senrice.  The  eitraordinary  itrueturea  at  Baalbeo  and  Palmyra  have  been 
itAsiad,  fiD  the  authority  of  a  fragnient  of  John  of  Antioch,  sumamed  Mal^a,  to  the  age 
of  Antooinut  Fiua  ;  but  we  are  inclined  to  think  tbe  style  places  them  ■  little  later  than 
that  period.  Baalbae,  or,  as  iu  Syrian  meaning  imports,  the  City  of  Bsal,  or  the  Sun,  is 
t  tbe  Dorth-eaatem  eitremity  of  the  Talley  of  Becat    or  Beka,  n 


first  travelleT  who  dcseribed 


t  fifty  miles  to  the  north-west  of  Damueus.      llw 
was  Maundrell.  in  hia  Jountey  from  Aleppo 
to   Jenualem,   in  1697.      It    bos. 
however,  been  since  visited,  as  well 
aa  Palmyra,  l>y  Messrs.  Wood  and 
Dawkina,   in    ITS],    and    by   H. 
Volney  U  a  later  paiod.     llie 
prindpal  building,  the  temple,  u 
of  a  rectangular  tmm,  and  is  seated 
in  the  centre  of  the  western  ex- 
tremity  of  a  large   quadrangular 
enclosure,  two  of  whoae  nd«s  were 
,    parallel  to  those  of  the  temple  1  and 
f    parallel  to  its  front  was  the  thud. 


'-    court,    serving  as  a  vestibule,  in 

i   front  of  which  was  the  grand  en- 

'  trance  portico.     The  length  of  the 

L  quadrangle  is   about    360  ft.   and 

.    bTeadthahout350ft.(See^.ll3.) 

TtM  temple,  marked  A,  ii,  in  round 

numbers,  800  ft.   in   length,  and 

100  It.  in  breadth ;  it  was  dipteral. 
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eouBt,  VB  h*T<  ia  fy,  1 19.  gl<cn  the  *kMcb  of  b  circular  temple  lUnding  ncu  ibe  abon. 
Of  Emen,  th«  mber  c«lebnited  Colo-Syriu  citjr,  not  ■  veatige  renwiiu. 

197.  Of  Tadnuv,  or  Falmjn.  denoting  both  in  Sjriu  M  well  ms  l^tin  h  multituda  of 
palm-trca,  Solomon  iru  wd  to  biTe  been  the  original  fouorler.      It  liei  coniidenbly  to 
the  e«t  of  Bulbec,  ind  upiruds  of  SOO  milei  from  the  newot  coMt  of  SjriL      Situate 
between  the  Ronun  and  Partbion  monarchiet,  it  wu  ntflered  to  observe  ■  humble  neu- 
trality  until  afler  the  Tictoriea  of  Tr^ani  when,  unking  into  tbe  bowm  of  Rome,  it 
Bouriflhnd  more  than  150  jean  in  the  si^rdinate  though  humble  rank  of  a  colan;r.      "  It 
wai  during  thmt  pracciUl  period,"  obaertc*  Gibbon,  "  if  we  may  judge  from  a  few  ranaio- 
kng  inicriptiona,  that  tbe  wealthy  Palmyrenians  cooitructed  Ifaoae  templea,  palacta,  and 
porticoes,  whose  ruin%  acattcrcd  oter  an  eitenC  of  aeverol  miles,  liave  deserred  the  curiodtj 
of  OOT  trsTellers. "     Tlie  ruini  of  it  were  diicorered  by  wme  £nKlith  traTcllen  towaids 
tbe  tnd  of  th*  ITth  oentury,  and  were  more  lately  liiited  by  tbe  Mesul.  Dawkins  and 
Wood,  already  Dientioned.      Ilia  power  of  Zenotna.  who  wiihed  to  ahsfce  off  the  sub- 
jection  to    Rome,  m>   iiuufllEieM   to  withstand  the  foren    of  Aurelian,  and   Palmyra 
fall  into  bit  bands  about  the  yaar  33T.      A  >li|tbt  ikeCcb  of  tbe  rulni  ( jC^.  lM.)is  here 
giren.      The  Kyle  of  ardiitectuia 
u  almost  the  same  a>  that  of  Basl< 
beo  ;  and,  like  that,  so  Titiated  in 
almost  every  profile,  that  w«  do 

dwell  upon  it,  althourii  great  the 

,    way,  we  mmt  pmm  orer  those  of 
^  Djeraeb,  which  were  liidted  by  Mr. 
F^  Barry,  and  of  other  coniidcrable 
olciei,  though  some  are  said  to  con- 
tain eiamplea  in  a  better  and  purer 
«»>,..  .™-,.„„..  stylt 

19S.  Tbe  tcign  of  Dioclenan  was  extended,  and  was  illustrious  from  his  military  explcnta. 
It  was  aUo  rtmarlcable  for  the  wisdom  he  displayed  in  dividing  with  others  the  discharge 
of  duties  he  esuld  not  himself  perform ;  as  well  as,  finally,  by  hu  abdiostlon  and  retirement 
to  Spalatro.  Architecture  was,  bowerer,  too  &r  sunk  for  him  to  ruse  it ;  and,  though  mo- 
numenti  of  great  grsndeur  were  reared  by  him  iu  Rome  and  bis  native  town  of  Salona,  they 
wera  degenerated  by  innoration  and  a  profusion  of  ornamenta  which  sometima  proved  dis- 
astrous to  those  beneath,  upon  whom  they  occBsionally  fell,  but  the  taste  fbr  which,  amoag  the 
Romans,  had  increased  by  their  intercourse  with  tha  EasL  At  a  period  when  no  scuTptar 
existed  in  Rome,  this  monarch  raised  the  celebrated  baths  there  which  bear  his  name.  His 
|islBaaU9yalltro(^f.  1 1.5.  (covered  between  nine  and  ten  Englishacres.  Its  form  was  quad- 
rangular, flanked  with  sii  teen  towen.  Two  of  the  sides  were  SOO  ft. ,  and  the  other  TOO  ft. 
in  length.  It  was  constructed  of  stone  little  inferior  to  nuu-ble.  Four  streets,  intersecting 
each  other  at  right  angles,  divided  the  several  parts  of  the  edifice;  and  the  approach  to  tba 
principal  ^lartment  was  from  a  stately  entrance,  still  called  tbe  golden  gate.  By  compar- 
ing tbe  present  remains  with  tbe  Treatise  by  Vttruvius,  there  appears  a  coin^dencc  in  tht 
practice  here  with  the  preccfits  of  tbat  author.  The  building  conusted  of  only  one  storv, 
and  the  rooms  were  lifted  &om  above-  Towards  the  south-west  was  a  portico  upwards 
of  500  ft.  long,  araamenied  with  painllna  and  sculpture.  We  do  not  think  it  necessary  to 
follow  up  further  the  decay  of  the  arts  in  the  West;  it  ii  sufficient  to  add  tbat  the  fifth 
century  witnessed  the  contemporaneous  &U  of  them  and  of  Home  itself 

1 99.  Towards  the  year  330.  the  seat  of  the  Roman  empire  was  removed  to  Constantinople 
where  the  reisn  of  ConstaDtine.  though  brilliant,  was  unsuccessful  in  reitoring  the  art^ 
upon  which  rEligious  ai  well  as  polidcal  causes  bad  begun  to  act.  The  establishment  of 
Cbristianity  had  less  effect  oa  arcbitectura  than  on  her  sister  arts.  Tha  new  species  of 
worship  could  be  performed  as  well  in  tbe  old  as  in  temples  of  a  new  form,  or  the  old 
eslumn*  might  be  employed  in  new  editieea,  in  which,  indeed,  they  were  eminently  sar- 
vieeaUe ;  but  statues  of  the  goda  were  no  longer  wanted,  and  the  sculptor's  art  was  aban- 
doned. The  removal,  however,  of  the  govertimenl  to  the  Bo^barui  retarded  the  declio* 
of  the  empire  in  the  £aat.  Byiantium.  on  whose  fbundationi  was  placed  the  city  of  Con- 
stantinople, owed  its  origin  to  a  colony  of  Megariani ;  and  little  was  it  to  be  imagined  tbat 

city  still  Dontinned  loposaesa  soma  splendid  productioos  oFthe  sohaols  of  Asia  Minor,  whid) 
it  almost  touched,  and  in  common  with  which  it  etuoyed  the  arts.  Constantine  profited 
Ity  tlia  circumstanec,  restorad  tha  monuments,  and  transported  thitlwr  tb«  beat  ciainples  of 


I.  Architecture  was  called  in  by  the  emperor  to  aid  him  in  affording  security,  conveni. 
ence,  and  pleasure  to  the  inbabitants  of  the  new  metropolie.  Vast  walls aurrounded  the  city ; 
superb  porticoes,  iquares  of  every  kind,  aqucducte.  baths,  theatres,  hippodriHnes,  obelisks. 
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triampluJ  arches,  stately  and  magnificent  temples,  were  provided  for  the  public.  Schools 
of  architecture,  which  none  but  persons  of  good  birth  were  allowed  to  enter,  were  esta- 
bltsbed,  with  professors  and  prizes  for  the  meritorioa^  With  all  this  care,  one  might  have 
auppoaed  a  plentiful  harvest  would  have  been  reaped.  But,  alas  I  with  all  the  expense,  with 
aU  the  fine  marbles  that  were  employed,  with  the  bronze  and  gold  lavished  on  the 
cooatruetioti  and  decoration  of  the  edifices  erected,  the  art  was  not  re-established  on  its 
true  principles.  Every  thing  was  rich ;  but,  notwithstanding  the  exaggerated  praises  of 
the  ignorant  writers  of  the  day,  every  thing  was  deficient  in  real  beauty.  Richness  of 
material  will  never  compensate  fisr  want  of  elegance- in  form.  "  The  buildings  of  the  new 
city,**  observes  Gibbon,  **  were  executed  by  such  artificers  as  the  reign  of  Constantine  could 
aflbrd  ;  but  they  were  decorated  by  the  hands  of  the  roost  celebrated  masters  of  the  affe  of 
Perides  and  Alexander.  To  revive  the  genius  of  Phidias  and  Lysippus  surpassed,  indeed, 
the  power  of  a  Roman  emperor ;  but  the  immortal  productions  which  they  had  bequeathed 
to  posterity  were  exposed  without  defence  to  the  rapacious  vanity  of  a  despot.      Py  hi« 
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oommands  the  cities  of  Greece  and  Asia  were  despoiled  of  their  most  valuable  omaments. 
The  trophies  of  memorable  wars,  the  objects  of  religious  veneration,  the  most  finished 
statues  of  the  gods  and  heroes,  of  the  sages  and  poets  of  ancient  times,  contributed  to  the 
splendid  triumph  of  Constantinople,  and  gave  occasion  to  the  remark  of  the  historian 
Cedrenus,  who  observes,  with  some  enthusiasm,  that  nothing  seemed  wanting  except  the  souls 
of  the  illustrious  men  whom  those  admirable  monuments  were  intended  to  represent.** 

5iN)l.  In  Rome,  the  triumphal  arch  erected  in  honour  of  Constantine  presenta,  to  this  day, 
an  example  of  the  barbarous  and  tasteless  spirit  of  the  age.  It  is  nothing  .less  than  an 
incongruous  mixture,  in  sculpture  and  architecture,  of  two  periods  remote  from  each  other. 
But,  discordant  as  the  styles  are,  the  absurdity  of  placing  on  it  part  of  the  triumphs  of 
Tngan,  whose  arch  was  robbed  for  the  occasion,  is  still  greater.  Not  only  was  Tri^an*s  arch 
despoiled  of  its  has  reliefs,  but  the  columns  and  capitals,  which  the  architect,  from  ignorance, 
scarcely  knew  how  to  put  together,  were  stolen  for  the  occasion.  We  have  usedtbe  term 
ignorance  of  the  architect,  who,  (if  the  monument  were  not  standing,  the  fiut  could  scarcely 
be  credited,)  with  the  finest  models  before  his  eyes,  placed  modillions  with  dentils  in  his 
imposts,  and  left  the  latter  out  in  the  cornice.     We  leave  the  subject  with  disgust. 

202.  The  partition  of  the  empire  at  the  death  of  Constantine  was  injurious  as  well  to  the 
arts  as  to  the  empire ;  and  at  its  reunion  by  Constantius  in  353,  he  exhibited  but  little  soli- 
citude about  their  prosperity.  On  a  visit  of  thirty  days  to  Rome,  he  presented  the  city  with 
the  obelisk  that  now  stands  in  front  of  the  Basilica  of  S.  Giovanni  Laterano.  It  had  been 
intended  by  Constantine  for  his  new  city ;  and,  after  being  brought  down  the  Nile  from  the 
Temple  of  the  Sun  at  Heliopolis,  was  conveyed  to  the  banks  of  the  Tiber  instead  of  those 
of  the  Bosphorus.  After  being  landed  about  three  miles  from  the  city,  it  was  first  elevated 
in  the  Circus  Maximus.     This  piece  of  granite  is  about  1 1 5  ft.  in  len^^. 

903.  Julian's  name  is  in  bad  odour  with  the  Christian  world ;  but  he  ought,  neverthe- 
less, to  have  justice  rendered  to  him  for  his  administration  of  the  affairs  of  the  empire,  his 
love  of  freedom,  and  his  patronage  of  the  arts,  lliis  emperor,  at  Constantinople,  con- 
structed some  porticoes  and  improved  the  port ;  and,  even  at  so  remote  a  spot  as  Paris,  there 
still  remain  the  ruins  of  a  palace  and  baths  of  his  construction  ;  a  circumstance  which  should 
make  bis  memory  an  object  of  respect,  perhaps  veneration,  to  the  inhabitants  of  that  city. 

204.  Under  Valentinian  and  Valens  the  arts  received  little  attention,  though  the  former 
manifested  some  care  for  them.  Gratian  was  entitled  to  a  sort  of  negative  praise  for 
leaving  the  empire  of  the  West  to  bis  brother  Valentinian  II.,  and  that  of  the  East  to  Theo- 
dosius ;  who,  after  the  death  of  the  former,  held  the  sway  of  the  whole  empire,  patronising 
architecture,  and  erecting  many  large  edifices  in  Constantinople.  After  this  the  empire  was 
lastingly  divided.  On  the  death  of  Theodosius,  Arcadius  succeeded  him  in  the  East,  and 
in  the  West  Honorius,  under  whom,  whilst  he  was  ingloriously  ei^joying  the  pleasures  and 
luxuries  of  his  palace  at  Ravenna,  Alaric,  king  of  the  Viiigotha,  entered  and  pillaged  Rome 
in  the  year  410.  Honorius  raised  or  repaired  several  of  the  Basilicas  at  Rome;  among 
them  that  of  S.  Paolo  fUori  le  Muri ;  and,  in  honour  of  the  two  emperors,  a  triumphal  arch 
was  erected  in  the  city  in  406,  but  of  this  no  remains  are  in  existence. 

205.  After  this  time,  for  sixtv  years  the  empire  of  the  West  was  in  a  state  of  distraction. 
Nine  princes  filled  the  throne  during  that  period,  on  and  off  the  stage,  rather  like  actors 
than  monarchs.  But  the  extinction  of  the  Roman  name  could  be  no  longer  protracted. 
In  455,  Genseric,  king  of  the  Vandals,  gave  up  Rome  for  pillage  to  his  soldiers  for  the 
space  of  three  days,  and  some  years  after,  his  example  was  followed  by  Ricimer.  In  476, 
the  Roman  empire  in  the  West  was  annihilated. 

206.  We  have  thus,  in  this  and  the  preceding  section,  shortly  traced  the  history  of  Roman 
architecture  from  its  dawn  among  the  Etruscans  to  the  close  of  the  regal  power  in  Rome ; 
and  from  that  period  to  the  time  of  its  culmination  under  Augustus,  an  age  of  great  splen- 
dour in  the  art,  comparable  even  with  the  best  days  of  Athens,  if  allowance  be  made  for 
the  respective  habits  of  the  nations  and  the  climates  under  which  they  were  placed.  From 
the  senith  we  have  followed  it  in  its  setting  under  Dioclesian,  and  after  that  through  its 
crepuseulum,  which,  in  476,  was  succeeded  by  total  darkness ;  a  darkness,  however,  not 
witiiout  meteors  and  coruscations  which  occasionally  enabled  us  to  enlighten  the  reader  in 
the  journey  he  has  undertaken  with  us.  The  revolutions,  however,  of  empires,  like  those  of 
the  globe  on  its  axis,  bring  other  dawns  :  such  is  the  ease  with  the  arts,  which  follow  those 
revolutions ;  and  we  shall  hereafter  have  to  record  another  dawn  of  them,  which,  like  the 
light  of  our  great  luminary,  had  its  day-spring  in  the  east,  whence  came  the  architects  of 
Venice  and  Pisa.  But,  before  we  approach  that  period,  it  will  be  necessary  to  take  a  cur- 
sory glance  at  those  monuments  of  Rome  and  other  places  under  its  dominion,  in  which  the 
ruins  alone  attest  the  extraordinary  power  and  magnificence  of  that  State,  and  to  examine 
the  details  of  their  construction  as  respects  what  simply  presents  itself  to  the  eye. 

207.  We  now,  therefore,  proceed  to  a  view,  1 .  Of  the  religious  buildings  of  the  Ro- 
mans in  quadrangular  and  circular  temples ;  2.  Of  their  public  buildings  in  fora,  triumphal 
arches,  bridges,  aqueducts,  theatres,  amphitheatres,  and  baths  and  oirei ;  3.  Of  their  private 
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houses  uid  tombs ;  confining  otinelvcs  to  those  ruins  in  the  city,  and  occasionally  the  pio- 
Yineea,  which  best  illustrate  the  subject 

806.  TVaqDJM.  —  1.  The  quadrangular  Ronuin  temple  partook  very  much  of  its  Greek,  or 
perhapa  Etruscan,  original ;  though  occasionally,  as  in  the  Temple  of  Peace,  there  is  a  very 
considerable  deviation  from  the  type.  But  the  exceptions  to  the  general  rule  are  very 
few  indeed  in  number.  The  most  beautiful  temple  of  the  Corinthian  order  that  per- 
hspa  erer  existed  in  the  world  was  the  Temple  of  Jupiter  Stator,  in  the  Campo  Vaccino 
(Forum),  at  Rome.  We  adopt  the  name  of  Jupiter  Stator,  because  by  that,  though 
its  propriety  cannot  be  now  ascertained,  it  is  generally  known.  Recent  excavations  have 
proved  that  it  was  an  octastyle  peripteral  temple,  with  twelve  columns  in  flank,  and  that 
tbe  eeU  occupied  eight  columns  with  their  intercolunmiations  in  depth.  No  Greek  work 
oould  surpass  in  el^ance  and  beauty  the  profile  of  the  Corinthian  order  employed  in  this 
edifice.  The  capital,  whether  we  consider  it  in  design  or  execution,  is  unparalleled.  At 
the  same  time  we  must  admit  that  it  bears  every  mark  of  the  improvements  that  had  been 
e^cted  through  the  medium  of  Greek  artists.  Only  three  columns  of  it  remain ;  these 
are  47*65  ft.  high,  their  lower  diameter  being  4*84  ;  so  that,  in  terms  of  the  diameter,  the 
ecdumna  are  9*8  diameters  high.  The  height  of  the  entablature  is  a  small  fraction  less  than 
one  quarter  the  height  of  the  column.  The  intercolumniations  are,  as  nearly  as  possible, 
1  *5  diameter  of  the  column ;  whence  the  size  of  the  temple  will  be  easily  determined. 

209.  Almost  at  the  foot  of  the  Capitol,  not  &r  from  the  Temple  of  Jupiter  Stator,  stands  the 
Corinthian  Temple  of  Jupiter  Tonans,  reputed  to  have  been  built  by  Augustus,  of  which, 
as  of  the  last,  only  three  columns  remain.  This  was  an  hexastyle  peripteral  (except  on  the 
side  towards  the  rock)  temple,  115  ft.  long  and  92  ft.  wide,  measured  from  outside  to  outside 
of  ccdumn.  The  columns  are  47*08  ft.  high,  and  their  lower  diameter  is  4*60  ft. ;  their 
height,  therefore,  in  terms  of  the  diameter,  is  very  nearly  lOj^  diameters.  The  height  of 
the  entablature  is  9*77  ft.,  or  not  quite  one  fifth  of  the  height  of  the  column.  The  inter- 
colunmiatums  are  1*56  diameter.  There  is  a  tale  in  Suetonius,  that  Augustus  had  bells 
suspended  round  this  temple  for  the  purpose  of  scaring  the  birds  away,  which  their  agita- 
tion by  the  wind  effected.  The  style  of  this  temple  is  inferior  to  that  last  described,  yet  it 
is  not  without  beauty,  though  we  must  allow  the  cornice  is,  as  compared  with  it,  deficient 
in  effect. 

810.  The  Temple  of  Mars  Ultor  was  one  of  those  erected  by  Augustus.  1 1»  profile  ex- 
hibits a  fine  and  bold  example  of  the  Corinthian  order.  Its  whole  length  was  about  116ft., 
and  its  breadth  about  73  ft.  The  cornice  of  the  entablature  is  wanting.  The  intercolumni- 
adoos  are  about  1^  diameter. 

811.  In  the  Campo  Vaccino  are  the  remains  of  a  Corinthian  temple,  built  by  M.  Aurelius 
in  bcmour  of  Antoninus,  his  predecessor,  and  Faustina,  the  daughter  of  that  emperor  and  wife 
of  M.  Aurelius.  It  was  prostylos  and  hexastylos :  the  columns  are  46*10  ft.  high ;  the 
entablature  11*03  ft. ;  diameter  of  the  columns  4*85  ft. ;  and  the  intercolumniations,  except 
tbe  centre  one,  which  is  wider  thau  the  others,  are  1^  diameter  of  the  columns.  From 
the  above  it  follows  that  the  columns  are  9^  diameters  high,  and  the  entablature  rather  less 
than  one  fourth  the  height  of  the  column.  The  frieze  is  ornamented  with  griffins  and 
candelabra  in  a  very  good  style  of  art.  It  is  not  our  intention  to  describe  more  than  the 
principal  temples,  with  their  parts,  but  to  afford  to  the  reader  in  this  place  a  general  view 
of  the  art ;  we  shall  therefi)re  merely  mention  those  of  the  Maison  Carr^  at  Nismes,  and 
the  little  edifice  at  Trevi,  which  last  is  erected  in  a  very  vitiated  style :  both  are  of  the 
Corinthian  order,  and  quadrangular  in  form. 

818.  Rome  is  very  poor  in  examples  of  Ionic  temples,  the  only  two  remaining  being  that 
of  Fortuna  Virilis  and  that  of  Concord ;  the  first  not  very  pure  in  its  detail,  and  the  latter  in 
the  very  worst  style.  Tbe  Temple  of  Fortuna  Virilis  is  of  the  species  called  prostyle  and  te- 
trastyle ;  that  is,  with  four  columns  in  front  and  seven  on  the  sides,  whereof  the  cell  occupies 
four  intercolumniations.  The  height  of  the  columns  is  27*35  ft. ;  the  lower  diameter  of  the 
columns  3*1 1  ft. ;  and  the  height  of  the  entablature  6*78  ft.  A  peculiarity  has  been  no- 
ticed in  this  example  of  the  different  centres  of  the  ornamented  members  being  ranged  so 
as  to  tall  with  exactness  over  the  axes  of  the  columns. 

213.  The  Temple  of  Concord,  which  is  a  restoration,  as  the  inscription  on  it  proves,  of  a 
former  temple  that  stood  on  the  spot,  is  most  probably  of  the  age  of  Constantine,  and  scarcely 
deserves  the  notice  here  taken  of  it,  except  as  a  connecting  link  in  the  chain  of  art.  It  was 
hexastyle  and  peripteral.  The  eight  colimms  which  remain  are  of  red  and  white  granite 
of  different  diameters.  The  bases  are  Attic,  and  without  plinths,  except  those  of  the  angular 
columns.  The  capitab  are  inelegant  and  clumsily  sculptured.  The  mouldings  of  the 
architrave  have  been  chiselled  away  to  form  a  plane  surfiice  for  containing  the  inscription. 
Modillioos  and  dentils  are  met  with  in  the  cornice,  and  the  frieze  in  the  interior  was 
sculptured.  The  height  of  the  columns  is  42*86  ft.,  and  their  lower  diameter  4*48  ft.;  so 
that  they  are  about  9{  diameters  high.  The  height  of  the  entablature  is  7*2  ft.,  or  about 
one  sixth  of  the  height  of  the  column. 

G  3 


HISTORY  OK  ARCHITKCTL'HE.  Book  I. 

eationed.    Two 
ID  order*  art  of 

eoiuidenbls  mnliquitjr.  Tbeir  cclli  ue  cyliDdriul,  uid  mie  lupinaed  lo  liave  been  coiercd 
wilh  doma  coliag  on  the  walU,  thougb  IhU  ii  by  no  nwuu  certain.  Tlie  Temple  of 
Vcita  i*  ttitni  DD  three  tlepi.  wliilU  thu  of  the  Sjliil  u  rmued  on  b  clrcuUr  tnvienwnl 
■bout  fit*  feet  higli.  Both  tlie  cells  are  encircled  sbout  with  B  colonniuk  of  the  Corlnlhiu 
order.  Tli*  capitals  of  the  Temple  of  Ibe  Sybil  arc  eitraordlnarj  a*  piecca  of  eSMiiTe  art. 
The  lea>ea  of  the  capital,  inMead  of  being  apptiguHi  to  the  bell,  u  in  other  eiamplei,  are 
ID   tbii   cut  into  it,  and  impart  a  magical  appcaianee  lo  it.      The  loml  tm—mtit  of  thii 

Guleulatad  only  for  (be  cpol  on  vhieh    it   itandi  (leejl;.  116.).      The   circular  Temple 


of  Taccbua  la  of  a  lale  <Utc.      In  iti  citerior  (here  ii  nothing  lo  remark,  except  that  it  ha* 
loit  a  portleo  at  iti  entruice  vhich  originally  belonged  lo  it.      It  coniiiti  of  a  central  cir- 
cular cell,    if   »uch  it  may  be  called,  aurrounded    by   ■  circular  aiile,  the  tbrnm  being 
•cparated  froin  the  latter  by  lirelte  pair*  of  double  column*,  coupled  in  the  direction  of  the 
radii  of  the  plan ;  ftoni  which  columns  arches  spring,  carrying  a  cylindrical  wall  99-36  II. 
diameter,  covered  with   a  hemiiphetlcal  dome  6S'€  ft.  high  from  the  paTement.       Tb* 
aiila  or  corridor  ii  14'TS  ft.  wide,  surrounding,  as  we  hs>e  nid,  the  double  colonnade, 
from  which  to  Che  exterior  wsll  is  i  tcmicircuTar  nult,  irhoce  loflte  is  33  ft.  high  from 
the  paTement.      T'be  Temple  of  Miner**  Medica  is  in  a  very  ruined  tlate  i  little  more  than 
half  of  it  i*  standing.    It  was,  when  perfect,  of  ■  cylindrical  shape,  110  ft.  in  diameter  ;  but 
the   interior   vaa   (brtned 
into    ten     plane    Tertieal 
fhces.  each  whereof  had  ■ 

towards  the  centre  of  the 
building,  A  bemiipheried 
brick   dome    eortred    the 

11  a  A.  from  the  pavement. 

I  A  semicircular  wing,  eo- 
Tered  byahemiapherically 
formed    vault,    stood    on 

I  each  side  of  the  building, 
but  they  are  now  in  ruins. 
Fif.  117.  shows  the  ruin 
as  it  was  in  1816,  from  a 
memorandum  we  then 
made  A  rectangular  ves- 
tibule   with  four    Cortn- 


intcd  bf  ■  pediment  roof.      Ttw  temple  now  ituKk  ia  ■  prlTal* 

.  W«  h»e  Tomtcd  for  the  lut  aiBinple  of  m  eireiiUr  temple  the  oelebreted  I^tbeon, 
■uppueed  to  baTcfimned  etone  time  ■portiaa  of  the  bathi  of  Agrippa  ;  but  whether  with 
tnth  we  niut  decline  inreMtgating,  u  unconnected  with  our  preient  purpose.  Our  own 
IxJief  11,  that  the  bod;  of  the  temple  wu  erected  in  the  time  of  the  republic  with  dimple 
luge  niijiei,  m  inj^.  US.  utd  119.,  in  the  left  udei  whereof  it  i>  ihown  u  origindiy  built, 
and  on  the  right  ndesunowitanding, 
end  thet  ibe  portico  wu  append^ 
bj  Agrippa  about  *.  d.  H.  at  which 
time  the  columna  were  added  to  the 
nicheL  and  other  alteration!  made,  as 
•een  on  the  right  half  of  the  plan 
and  lection.  The  interior  U  circular, 
and  abounds  ft.  diameter,  maaioring 
from  iniide  to  inride  of  the  oolumns, 
whioh  are  about  33  ft.  high.  At  a 
hd^ht  of  IS  ft.  ftom  the  ground  in 
the  interior  spring*  the  hemiBphcrica]  ' 
dome,  which  haa  five  boriumtal  ranks 
of  caiasoni  or  panek,  the  top  of  the 
dome  being  terminated  b;  what  it 
tecbnicallji  termed  an  tj/e,  or  eiroular 
opening,  about  87  ft.  diatneter.  All 
that  ia  found  in  the  temple  is  of  the 
Corinthian  order. 

(916.)  Fig.  1%.  is  an  deration  of 
the  Pantheon,  with  the  portico  t^tha 
Parthenon  below  it,  br  the  purpoH 
of  comparing  the  relatife  Biia  of  tba 
porticoes  of  the  two  buildings.  The 
portico,  it  will  be  wen,  ia  octastjit, 
and  projecu  62  ft.  from  the  eircum. 
ference  of  the  circular  part  of  tb« 
edifice.  The  shafts  of  the  column* 
are  plain,  and  the  portico  ia  sur- 
m ousted  b;  a  pediment  similar 
to  that  on  the  wall  of  the  building. 

««»i  WJ.J.  ™  .!■!..„.  The  ooluran*  are  47 -03  ft.  high,  and 

Iheir  lover  diameter  4  79  ft.  Tile 
ratabteluTv  ia  10-S9  ft.,  or  oevlj,  not  quite  a  fifth  of  the  heigbl  of  the  cotunm.  lite 
profile  of  the  order  it  bold  and  well 
coiMUTed,  and  the  eiecution  in  • 
good  Mjle.  It  has  been  stripped  of 
itt  ornaments,  manji  whereof  were 
bronse,  by  the  cupidity  of  the  pos- 

,  Though  the  present  interior  is  com- 
paratively  modem,  we  think  it  right 
to  give  the  following  particulars  of 
,  the  order  :  —  The  columni  are  94-67 
ft.  high,  the  lower  diameter  being 
3'64  ft.  The  shafts  are  fluted,  aqd 
hare  what  are  called  eabUnft  up  otie 
'  third  of  their  heighL  It  will  be  seen 
on  inspection  of  the  plan  that  these 
eoltuniu  a»  placed  in  ftoat  of  the 
great  niche*.  We  are  not  aware  that 
the    circumstance   whereto   we    are 

rte.li*.    ^iiMii  ^  naraiT^r  ,[r  ■■' -r  r-r- -  '  about  to  advert  has  been  heretofore 

noticed,  snd  we  pie  the  result  of  our 
esleuUlion  in  rtnind  numbers  onlj,  as  an  approiimation  to  the  truth.  The  rule*  for 
lighting  apaitmenti  will  form  the  subject  of  a  ftiiure  section.  We  shall  here  merely  obserre, 
tint  the  contents  of  the  building,  measuring  round  the  inner  conTciitj  of  the  column*,  and 
Dot  e^culaiing  the  niches,  ia  about  I,7ST,.'iOO  cubic  feet,  and  that  the  area  of  the  ejcof  the 
dome  i>  about  !)9  s<iuaTe  ft.,  from  which  it  fbllowi  that  SSS6  cubic  ft.  of  space  in  this 
building  are  lighted  by  I  foot  tuperficial  of  light.      Tht  building  1*  neither  gloomy  nor 
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dark  ;  on  tilt  caiatrarj  ■  plouant  Itght  ii  dl&\iied  throughout,  and  darkno*  ii  not  fcund  in 
tnj  comer  oT  it.  liia  a  *  lubjeet  ircll  worthj  of  eouaidmlion,  and  one  which  va  pro- 
poM  btTMUter  to  turn  to  ptaotiod  aoDonnt. 


luadrin^lu-  spceia  ue  >o  formed  on  one  gsnenl  plan  that  st  mM  ^ 
ion  appbcable  to  them.   JhnJI/i.  191.  and  l  SS.  repreaeiit  the  plan  am 


porch  eitcoding  alons    the  whole 

breadth  of  Um  hnilding  in  front. 

Thia  «a*  vaulted,  the  lummit  io- 

. .   teriorlf  being  SS  tt.  high ;  and  in 

I  ttant  were  leren  temicucular-headed 

n   apertaiei  aening  ai  entrance*.    The 

length  of  the    temple  outside,  not 

including  the  depth   of  the  porch, 

waa  994  ft.  1  depth  of  the  porch  30 

ftiwidthofthebuildinglSTft.  The 

temple   waa  longitudiiwll;  diiided 

into  three  nearljequal  paTta,wbeTeof 

y    the   central   one  wa>  a  rectangular 

B   H^otu  of  the  whole  length  of  tb« 

■■    — iple,  whose  breadth  waa  one  third 

It!  length.      The  roof  of  Uiis  wb 

n  a  TBult  with   three   groini,  formed 

by  the  intemction  of  lemieylindrieal 

**"'  vault!  at  right  anglea   to   the  cen- 

lulting   from    the   paTement   waa   about  116  ft.,    and 

'ith  aunk  paneli.      We  (hall  not  howerer  purnie  the 
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'v«rlNd  deaeription  of  this  edifice,  which  will  be  much  better  understood  by  an  inspection  of 
the  tfiagrams.  We  will  only  add,  that  although  the  columns  in  the  interior  are  entirely 
gone,  and  the  building  is  in  a  sad  state  of  dilapidation,  enough  has  been  <Uscovered  to  prove 

that  the  restoration  here  submitted 
to  the  reader  Lb  not  very  &r  from  the 
truth.  In  many  cases  Uie  restorations 
of  Palladio,  whose  works  it  is  the 
ihshion  amongst  half- instructed  archi- 
tects and  still  less  informed  amateurs 
to  decry,  are  not  to  be  wholly  relied 
on  in  his  capacity  of  antiquary,  and 
certainly  must  not  be  taken  for  g^ranted ; 
but  his  restoration  of  this  temple  cannot 
widely  differ  from  the  truth.  It  ap- 
pears to  have  been  founded  by  Claudius, 
and  finished  by  Vespasian  after  the 
eonquest  of  Judea,  and  seems  to  have  been  the  depository  of  the  spoils  of  the  temple  at 
Jerusalem.  It  is  uncertain  by  what  accident  in  the  reign  of  Commodus  it  was  destroyed, 
bat  it  is  conjectured  it  was  restored  during  his  reign.  It  may  not  be  here  altogether  out 
of  place  to  notice  that  the  temple  in  question  seems  in  some  measure  to  have  furnished  the 
hint  for  the  nave  of  the  Italian  Duomo  with  its  side  usles.  It  was  but  in  the  addition 
of  the  transepts  and  choir,  whose  type  is  indicated  even  in  the  basilicae  of  the  first 
Christians,  that  a  variation  is  to  be  seen.  If  the  cross,  however,  be  not  sufficiently  apparent 
in  the  basilica,  it  cannot  be  mistaken  in  the  churches  but  little  later. 

318.  Fan,  —  2.  The  Forum  of  the  Romans  is  described  generally  in  Vitruvius  (Book  vl 
chap.  1.).  He  directs  that  it  should  be  a  large  rectangular  area,  whose  breadth  is  to  be 
about  two  thirds  of  its  length.  Tlie  basilica  or  court  of  justice,  serving  also  as  an  exchange 
for  the  merchants,  is  to  be  attached  to  it  The  forum  in  a  Roman  city  was  the  arena  on 
which  businees,  polities,  and  pleasure  were  equally  transacted,  discussed,  and  enjoyed. 
Among  the  Greeks  it  was  called  the  ayopo,  signifying  a  place  in  which  the  citizens  were 
collected.  It  is  here  to  be  obt^erved,  that  the  fora  of  the  Romans  were  of  two  sorts :  Fora 
GviHa  and  Fora  VenaUa;  the  former  whereof  were  designed  as  well  with  the  object  of 
ornamenting  the  cities  in  which  they  were  erected,  a^  for  admitting  a  site  for  the  public 
courts  of  justice,  and  other  public  buildings ;  the  latter  were  intended  to  provide  for  the 
necessities  and  conveniences  of  the  inhabitants,  and  no  doubt  bore  a  resemblance  to  our 
markets.  The  great  F<mmi  at  Rome  was  seated  between  the  Palatine  and  Capitoline 
hiUs.  Though  its  boundary  cannot  now  be  satisfiu^rily  traced,  there  seems  little  doubt 
that  it  included  the  Arch  of  Septimius  Severus,  the  Temple  of  Concord,  and  the  Curia  or 
senate  houses  as  well  as  the  building  of  the  Temple  of  Jupiter  Stator,  which  has  been  above 
noticed.  Restorations  of  this  have  been  imagined  by  more  than  one  artist,  and  more  par- 
tieularly  by  an  ingenious  French  artist  of  the  name  of  Caristie,  who  has  published  a  thin 
folio  volume  on  the  subject,  well  deserving  the  attention  of  the  architectural  student ;  but 
as  we  shall  presently  place  before  the  reader  a  forum  from  Pompeii  in  which  less  uncertainty 
exists,  we  shall  not  stop  here  in  our  enumeration  of  the  other  fora  of  Rome.  Tlie  Forum 
of  Nerva  is  said  to  have  been  367  ft.  long,  and  164  ft.  wide.  At  one  end  were  five  arched 
entrances,  and  at  the  other  the  Temple  of  Nerva.  The  Forum  of  Trajan,  built  by  the 
emperor  whose  name  it  bears,  was  erected  fit>m  the  foreign  spoils  taken  by  him  in  his 
wars.  The  coverings  of  its  edifices  were  all  of  brass,  and  the  porticoes  and  their  columns 
eonstmcted  in  an  exceedingly  splendid  style  of  execution.  Ammianus  Marcellinus  (^Hi$i. 
lib.  xvi. )  describes,  with  mudi  force,  the  delight  of  Constantius  on  contemplating  it  when 
he  made  his  triumphal  entry  into  Rome.  The  representations  make  its  length  1150  ft., 
and  its  mean  breadth  about  470  ft.  In  it  was  the  emperor's  magnificent  column  {fig.  HI.), 
at  one  end  was  the  Temple  of  TVigan,  and  at  the  other  bis  Triumphal  Arch.  Tliis  Forum 
wwitsinH  the  cdebrated  and  splendid  Basilica  Ulpiana.  Tlie  other  example  we  shall 
'wn^nt\t;m  was  at  Fauo,  and  we  mention  it  because  it  contained  a  basilica  by  Vitruvius  him- 
sel£  He  describes  tiie  portico  of  the  Temple  of  Augustus  as  joining  that  side  of  the 
basilica  which  was  frirthest  from  the  centre  of  the  Forum,  and  a  temple  of  Jupiter  as 
standing  at  the  opposite  end.  He  goes  on  to  describe  the  Treasury,  Prison,  and  Curia, 
as  placed  on  the  Icmger  sides  of  the  Forum  exteriorly  to  the  shops  which  surrounded  the 
area.  The  commentators  on  Vitruvius  have  been  at  considerable  pains  to  make  out  the 
plan  of  the  basilica  of  this  building  from  the  verbal  description  of  it  by  tlie  author, — 
perhapa  ncme  of  them  with  greater  success  than  old  Daniel  Barbaro. 

SI  9.  But  no  words  convey  the  description  of  a  place  so  well  as  a  diagram  of  the  object 
under  eoosiderarion;  and  as  there  exists  at  Pompeii  a  forum  so  perfect,  that  all  the  rules 
given  by  our  great  master  are  exemplified  in  it,  we  here  place  the  plan  (^fig,  123.)  of  the 
forum  there  before  the  reader,  so  tbist  he  may  have  a  complete  notion  of  the  arrangement. 
Entering  from  the  gate  of  Herculaneum,  the  principal  street  leads  to  its  north-west  corner, 
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whence  the  aceeM  to  it  is  by  a  flight  of  stepi  down  vardi,  through  an  arch  in  a  brick  wall* 
still  partially  covered  with  stucco.  It  has  been  coi^ectured  with  probability,  that  the  en- 
trances to  it  were  occasionally  closed,  from  the  remains  of  iron  gates  having  been  found 
at  some  of  them.  A  smaller  passage  occurs  to  the  ri^ht  of  the  arch  Just  mentioned,  and 
a  fountain  attached  to  the  wall  between  them.  A  u  supposed  to  have  been  a  temple  of 
Venus ;  B,  a  public  granary ;  C,  a  temple  of  Jupiter ;  D,  probably  a  Senaculun^  or 
council  chamber  ;  R,  a  temple  to  Mercury  ;  F,  a  Chalcidicum ;  G  G,curi«;  H,  treasury; 
I,  triumphal  arch  ;  K,  arieostyle  portico  with  ambulatory  above. 


Pi|C.  Its. 


wiiuM  or  roMnof. 


2S0.  Tnumphal  Arche§,  —  The  Romans  were  the  first  people  who  erected  triumphal 
arches ;  their  earliest  examples  being  extremely  simple  and  plain.  A  plain  arch  with  a  statue 
of  the  victor  and  his  trophies  on  the  summit,  was  for  a  long  period  the  only  method  practised. 
The  arch  by  degrees  expanded  in  after  times,  the  style  became  enriched,  and  the  whole  was 
at  length  loaded  with  a  profunon  of  every  sort  of  ornament.  Latterly  they  were  a  rect- 
angular  mass  (aeefy,  124.  of  the  arch  of  Constantine),  penetrated  by  three  arches,  a  central 
and  two  smaller  side  ones.  The  upper  part  consisted  of  a  veiy  high  attic,  frequently 
covered  with  inscriptions  and  has  reliefk,  statues,  triumphal  cars  and  ornaments  of  that  kind. 
The  keystones  were  sometimes  decorated  with  figures  of  victory.  Of  the  triumphal  arches 
that  remain  there  are  three  classes :  — first,  those  consisting  of  a  single  arch,  as  the  arch  of 
Tr^an  at  Ancona,  and  Titus  at  Rome ;  second,  those  in  which  there  are  two  arches,  as  in 
the  example  at  Verona  ;  third,  those  with  three  arches,  whereof  the  central  was  the  prin- 
cipal one,  and  those  at  the  sides  much  smaller,  as  the  arches  of  Constantine,  Septimius 
Severus,  &c.  The  most  ancient  of  the  remaining  arches  is  that  of  Augustus  at  Rimini. 
It  was  erected  on  the  occasion  of  his  repairing  the  Flaminian  way  from  that  town  to  Rome. 
Tlie  erection  of  these  triumphal  arches  aflTorded  the  means  of  gratifying  the  extraordinary 
vanity  of  the  people  with  whom  they  originated.  Many  of  them  are  in  very  bad  taste;  a 
remark  that  applies  even  to  the  Arch  of  Titus,  which  was  erected  before  the  arts  had  more 
than  begun  to  droop.  The  orders  applied  to  them  we  do  not  think  it  necessary  to  de- 
scribe in  detail,  because  inapplicable  except  under  precisely  similar  circumstances. 

221.  Bridget,  —  There  is  perhaps  no  single  point  in  the  history  of  architecture  by  which 
the  civilisation  of  a  people  is  so  easily  recognised  as  by  that  of  thar  bridges.  Latterly,  in 
this  country,  the  division  of  science  as  well  as  labour  has  so  changed,  that  it  seems  almost 
necessary  to  refer  to  other  works  for  knowledge  on  this  subject ;  but  as  this  is  one  in  which 
architecture  in  all  its  branches  must  be  considered,  we  shall  here,  as  in  the  other  sections 
of  this  work  relating  to  the  point  in  question,  treat  it  in  such  manner  as  to  give  the 
reader  some  notion  of  the  subject.  The  history  of  the  bridges  in  every  nation  is  connected 
with  local  causes,  which  have  great  influence  on  their  construction ;  and  though  in  other 
respects  a  nation  may  in  the  arts  have  attained  a  high  piteh  of  excellence,  yet  it  is  possible 
ahat  in  bridge  building  their  progress  may  he  very  limited  as  respectn  science.    The  matter 


■tun  of  tba  oountiy.      Id  out  rimw  of  Gncian  AnhiMotui* 
D  mentioned.  Bnd  it  ii  neativ  c«rtun  Ihit  Oihm  bouto  no 


bridge  vhoK  due  ii  ulterior  lo  iu  occupation  by  the  Romwii.  But,  independent  of  iti 
■ruit  of  aoiiiuntaan  with  the  arch,  the  circumitmnce  mif  be  accounted  lor  b;  the  country 
ml  being  mtcneeted  by  uiy  riier  of  nugnitudc.  Those  to  which  ong  might  be  inclined 
to  attach  the  oamc  of  river,  are  rather  mountain  torrent*  than  iheeli  of  water  rolling  their 

to  eoanect  oppoute  banki,  and  the  rocki  Ihenuelvei  would  form  abutmenU  lor  the  aingl* 
ajch  that  waa  lo  connect  them,  without  danger  of  Ulure, 

S2i.  lDltaly,howrTer,aoountry  watered  by  many  andcoDiiderableriTers,  the  itudy  of  the 

whi^  it  abounded,  ai  for  the  Knice  of  the  conitant  military  cipeditioni  of  the  reMle»  and 
cfating  people  who  inhabited  iti  nir&ce.  From  ite  very  earlieat  foundation,  nn  city  in  the 
VDcid  would  aooner  have  been  placed  In  tbe  predicament  of  requiring  bridgn  than  Rome 
elf;  beudei  which,  ikill  wai  required  in  their  ooiutruction  over  ■  riiet  like  the  Tiber, 
d  aod  liable  to  be iweUed  by  ludden  iooim.  The  carllnl  bridgesofthe  Romaniwcreof 
"'  mocd  the  Jsniculum  to  the  MoniAvenlinu*.  called  the  PtHU 
9(Liv.i.  c.  33.),  whereof  il  waa  composed.  Itii  not  here  our 
lent  bridgeaof  Rome;  but  the  ruinioflhoae  which  have  come 
(kill  aiKi  gcieoce  not  inferior  lo  the  moat  eitraordinary  tx- 
amplea  which  modem  art  can  eibibit ;  witnea  the  Puna  Narnieniii  on  the  Flaminian  way 
Bar  Nami,  about  duty  mile*  from  Rome.  It  was  built  by  Anguitus,  and  at  the  present 
day  tben  remain*,  aa  thougb  itanding  to  mock  modem  acienee,  an  arch  of  a  span  of  1  jO  It., 
wImbc  intrados  i*  100  ft  above  Ihe  level  of  the  river  below.  But  of  the  worki  of  thi* 
kind  axemtcd  by  the  Homaaa  we  know  of  none,  either  in  anelent  or  modern  time*,  that  ia 
eoniparaUc  with  tbat  erected  by  Trajan  over  the  Danube,  whose  pien  Irom  their  fbun- 
dUion  were  ISO  It.  in  height,  and  the  apan  of  whose  archai  wai  170  ft.,  and  to  the 
aambcr  of  twenty.  The  bridge  was  60  ft.  in  width.  Thi«  work,  wboae  eiialenee  is 
•earecly  eredibJe,  putting  in  the  background  all  that  of  which  in  Ihe  present  day  !t  is  uur 
habit  to  boaat,  i*  reputed  to  have  been  dtatroyed  by  Hadrian,  tbe  luccenor  of  its  founder, 
lusder  a  pretence  tbst  if  the  harbarinns  became  maMcri  of  it,  it  might  wrve  them  a.i  wi-U 
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tor  ■»i«Vmg  incunion  on  the  empin,  u  Ibr  the  «mpin  in  npn^ng  thote  Immniant.  But 
olbec  Um  oradiuibla  motiva  Iuts  been  attributed  to  Htdnen  for  ha  destmctioii,  one  at 
them  the  any  he  had  of  the  narae  oT  it*  founder.  There  are  atUl  partial  remaiiu  of  an 
ancient  Roman  bridge  orer  the  Tagu)  near  Alcantara.  Thii  connited  of  ax  ardie*.  each 
80  ft.  apan,  eiteoding  altogether  BOO  ft.  in  length,  and  nme  oT  them  900  fL  high  aboie 
the  river.  We  do  not,  in  cloaing  our  brief  view  of  the  bridgee  of  the  Itomaiu,  more  than 
mention  the  eitnontinar;  tsmpoiary  bridge  which  Cmar  threw  over  the  Rhine. 

3S3.  Aqmihittf.  —  It  ii  obiioiu  that  of  all  the  requiaite*  for  a  city,  the  nippt;  of 
vholeaome  vater  ii  only  equalled  by  that  of  diacharging  it,  which  Utter  we  bate  before 
aecn  waa  welt  provided  for  In  the  Eternal  City.  Tlie  aqueducti  by  which  the  HameiM 
aupplied  thpiT  citiei  with  thii  neocaaary  element,  are  among  the  iargeit  and  moat  mag- 
nificent of  their  worka.  Their  ruini  alone,  without  other  testimony,  supply  the  meana 
of  estimating  thnr  cxtiaordiaary  power,  ikill,  nnd  industry.  They  are  worki  which  link 
into  nothiugneei  all  other  remoanti  of  antiquity,  not  even  encluding  the  amphitbeatrea, 
which  we  diali  soon  baie  to  notice,  because  they  were  for  the  comfort,  not  the  pastime,  of 
the  people.  The  earlieat  aqueduct  was  that  irf  Appiui  Claudius,  which  we  have  above 
luticed  as  constructed  in  the  448d  year  oT  the  city.  It  conveyed  tbe  Aqua  Appia  to 
Rome,  ttom  a  diManec  of  between  aeven  and  eight  milea,  by  a  deep  •ubteimneoui  ebanocl 
upwaidi  of  eleven  roilei  in  length.  We  shall  here  digreai  tot  a  moment,  by  observing  that 
upon  tbe  discovery  of  good  water  at  a  distance  from  the  city  at  a  much  higher  level  than 
the  servioe  therein  indicated,  it  was  the  practice  to  supply  by  meana  of  a  channel  raised  at 
any  height  as  the  case  tieeded,  through  a  stone-fbrmed  trough  raised  on  the  tope  of  archea 
V  the  course  of  it  required  over  valleys,  and  otherwise  became  neeeasary  from  the  nature  of 

raiaed  to  carry  this  simple  trough  of  supply  were  often  of  stupendous  height,  and  their 
length  was  no  lees  surprising.  In  tbe  present  day,  the  power  of  steam  has  afforded  other 
means  oT supplying  a  great  city  with  water;  but  we  much  queetion  whether  tbe  supply 
afforded  by  all  tbe  concealed  pipe*  of  this  vast  metropolis  can  compete  in  rcfreshinent 
and  genenJ  utility  to  it*  inhabitant*  with  those  at  the  present  day  poured  into  Rome, 
without  becoming  ■  burthen  to  the  respective  inhabitants,  and  this  principally  from  the 
meana  which  their  predeoeasors  provided. 

S84.  Tbe  aqueduct  of  Quintus  Martina,  erected  31S  year*  before  Cbriil,  Ii  among  the 
most  eitraordioary  of  the  Roman  aqueducts.  Commencing  at  a  spring  thirty-lbrra 
mile*  distant  ftom  Rome,  it  made  a  circuit  of  three  miles,  and  then,  after  being  conveyed 
through  a  vault  or  tunnel  of  16  ft  in  diameter,  continued  for  thirty-eight  m^e*  along  ■ 
aerie*  of  arcades  70  ft.  in  height.  It  was  fbrmed  with  three  diitinct  cbonnel*,  one  above  the 
other,  conveying  the  irater  from  three  different  aources.  In  the  upper  one  wa*  the  Aqua 
Julia,  in  the  neit  the  Aqua  Tepula,  and  in  the  lowcat  the  Aqua  Martia.  Tba  Aqua 
Virginia  was  constructed  by  Agrippa,  and  in  its  course  passed  througb  a  tunnel  800  pace*  in 
length.  The  Aqua  Claudia,  begun  by  Nero,  and  finiabed  by  Oaudiua,  of  which  j^.  MS. 
shows  several  archea,  conveyed  water  to 
w  from  a  distance  of  thirty-dght 
,    mile* ;    thirty  milea  of  this  length  wa* 


id  it  still  affords  a  supply  of  water  to  the 
ly.      The  Anio  wa*  conveyed  to  Roma 
3   bytwodifferent channels:  tbeirstwascar- 
'   ried  over  a  length  of  forty-three   miles, 
"•■  "*  *""  '"""*-  md  the  latter  of  siity-three,  whereof  lil 

mile*  and  a  half  formed  a  continued  series  of  arches,  many  of  them  upwards  of  100  ft  in 
height  above  the  ground  on  whieh  they  stood.  At  the  beginning  of  the  reign  of  Nerva, 
there  vrere  nine  great  aqueducts  at  Rome.  That  emperor,  under  the  superintendeoce  of 
Julius  Frontiniu,  constructed  five  others,  and  at  a  later  period  there  were  as  many  M 
twenty.  According  to  Frontiniu  (de  Aqiueductibus)  the  nine  earlier  aqueducts  supplied 
14.018  quinaria  daUy,  which  are  equal  to  17,743,100  cubic  ft.  {  and  it  hoi  been  computed 
that  when  all  the  aqueducts  were  in  delivery,  the  surprising  quantity  irf'  50,000,000  of 
cubic  ft  of  water  was  afforded  to  the  inhabitants  of  Rome,  so  tlut,  reckoning  the  popula- 
tionatODemillion.wbichitprabebly  never  eiceeded,  50  cubic  ft.  of  vraler  were  allowed  for 
the  consumption  of  each  inhabitanL  More  magnificent  Roman  aqueducts  are,  however,  to  be 
found  in  the  provinces  than  those  that  supplied  the  city.  That  of  Mets,  whereof  many  of 
the  arcades  remain,  is  one  of  the  mo«  remarkable  ;  extending  across  the  Moselle,  a  river 
of  considerable  breadth  where  it  crosses  it,  it  conveyed  tbe  wsler  of  the  Gone  to  the  city 
of  Meti.  From  tbe  reservoir  in  which  the  water  was  received,  it  was  conducted  through 
subterranean  channels  irf  hewn  stoH^  *o  spacious  that  in  tbcm  a  man  might  stand  upright. 
The  archea  appear  to  have  been  about  Bfty  in  number,  and  about  50  ft  in  height.  Tboae 
in  tbe  middle  of  tbe  river  have  bern  swept  away  by  the  ice,  those  at  the  eitremities  rs- 
maiuing  entire.     In  a  itill  mora  perfMl  Mate  than  tbatat  Meli  is  Ibe  aqneduirt  of  St^pivin. 
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of  which  one  hundnd  and  lift}  of  the  urchn  nnuin.  all  funned  of  hu^  bloekm  unconnected 
bjr  eemcitt,  in  two  ruiki  oTmrculei  oa«  abote  the  ather, 

33J.  It  han  been  eonjcctuicd  that  the  causcft  for  not  eanying  the**  equedueti  in  Btiwight 
line*  were  fint  lo  ktouI  exceniTe  heightt  where  low  grouadi  were  troieed,  and,  eecondlj,  to 
•citT  of  the  water,  u  that  it  migbl  not  be  delivered  to  the  cit^  in  ■  tnrbid 
Along  the  line  of  an  aqueduct,  acmrding  to  MantTau^on.  at  certain  interraU,  n- 
n  etU^  Caiidia  were  Ibnoed,  in  vhich  the  water  might  depoiit  iti  lilt;  Iheie  were 
masonry  raised  of  couneas  high  as  theaqueduct  itneir,  andamnetUnei  highly 
lie  lame  author  obaerrea  that  below  the  general  bed  of  the  ehannel,  pili 
were  niok  Ibr  the  reception  and  depotit  of  the  earthy  pm-ticlea  which  the  water  contained- 
VitTUTiiB  directa  the  channels  to  be  eorered  oier  lo  protect  the  water  ftvm  the  nin'i  rays, 
•nd  (lib.  Tiii.  chap.  7.)  he  moreover  directi  that  when  water-pipei  are  p>»ed  acroa  a 
vftUejr.  a  vcatw  thould  be  formed,  which  ii  a  flubterranean  Teaerrair  wherein  the  water  may 
ba  collected,  and  by  which  ita  eipaniion  may  be  diminished,  so  that  the  hjdrotlatical 
pRSBure  will  not  hunt  the  joints.  He  also  recommends  that  open  Tcrtieal  pipes  should 
1m  raised  for  the  eaeape  of  the  air  which  accompanies  the  water,  ■  practice  wtuch  the  mo 
dens  have  fbtftid  it  neoesiary  to  adopt  wherever  it  is  neceasary  lo  bend  pipes  upwards,  and 
thus  permit  the  escape  of  air,  which  would  impede,  and  even  stop  altogether,  themoTement 
ef  the  water  in  tbem. 

ZS6.  ntiUra. — The  earliest  stone  theatre  of  Rome,  as  we  haTs  bef<>re  sUted  (165.), 
WW  that  of  Fompey ;  hut  it  must  be  recollected  that  u  there  are  notices  in  history  of  this 
thfairi  haling  been  more  than  once  consumed  by  6re,  there  can  be  little  doubt  that  a 
paction,  probably  the  seats  and  scene*,  were  of  wood.  The  second  theatre  of  stone  was 
raised  by  Juliui  Desar,  after  which  Augustus  reared  one  in  honour  of  Maroellus,  the  eon  of 
Us  aster.  The  acanty  ruin*  of  this  last  enable  one  to  do  little  more  than  traee  its  eleratian, 
and  ftoni  their  eurra  to  compute  its  extent.  There  was  no  essentia/  difference  between  the 
torta  of  the  Roman  and  Greek  Tlieatre,  of  which  latter  we  bate  giien  ■  diagram  infy.  106. 
We  nerertbdesa  think  it  right  here  to  present  the  reader  with  one  of  the  RoiMn  Theatre 
Jig.  1S£.),  as  oearly  a*  it  can  be  made  out  from  the  description  of  VitruTiut.    (Book  t. 

Chap.  6.  "Theformof 
a  theatre,'*  aeeording  to 
that  author,  "  is  to  be 
adjusted  so,  that  from  the 
centre  of  the  dimension 
allotted  to  the  base  of 
the  perimeter,  a  cirole 
u  to  be  described.  In 
wbieb  are  insctibed,  at 
equal  distance*  ftuin 
ewh  other,  fbur  equi- 
lateral triangles  whose 
points  must  toueh  the 
circumfercnoe  of  the  cir- 
cle.- —  •'  Of  these  tri- 


H  of  it,  in  that  part 

here  it  cut*  the  cir- 

imleTenee  oTtha  arcle. 

I«|.  «,.  ■  m.  »■«  nuT.^  '■"    ■'"'™    P»^'«l 

will  separate  the  pa^iCm  of  the  pnnHHium  from  the  orclietlra.  Tlius  the  pulpitum  tw- 
miiiii  more  spacious  and  convenient  that  that  of  the  Greeks,  because  our  actors  remain 
duefly  on  the  scflu.  In  the  orchestra  are  assigned  seat*  to  the  senators ;  the  h«ghl  of  it* 
pnlpituni  mnrt  not  exceed  5(t,io  that  the  speclaton  in  the  orchestra  may  have  a  clear  view 
of  the  nuiions  of  the  aelora.  The  portions  between  the  staircasea  (enn)  of  the  theatre  are 
to  be  so  divided  that  the  vertices  of  the  triangles,  that  touch  the  cireumlercnce,  may  point  to 
the  directions  of  the  ascents  and  steps  between  the  cunei  on  the  first  pntcinclum  or  utoty. 
Above  thew  the  steps  are  placed  alternately  and  form  the  upper  cunei  in  the  middle  of  those 
below.  The  angles  thus  pomting  to  staircases  will  be  seven  in  number,  and  the  remaining 
five  will  indicate  certain  points  on  the  tcene.  That  in  the  centre,  for  instance,  is  the  situ- 
ation (or  the  royal  door,  those  on  the  right  and  left  the  doors  of  the  guests,  and  those  at  the 
eitreniltiei  the  points  at  which  the  raid  diverge*.  The  seats  (jtrorfiu^  for  the  spectaton 
are  not  to  be  less  than  20  in.  in  height  nor  more  than  22.  Their  width  is  not  to  be 
more  than  Si  ft.  noc  le*>  than  3  ft."  Beudea  the  theatres  named,  that  of  CornaUua 
Balbus,  built  ly  him  In  honour  of  Augu*tus,  was  on  a  scale  of  eonsiderable  magnifieanee. 
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337.  The  luge  tbemtreat  Pompeii,  u  iru  fVtquaBtl;  theaie,  vu  formed  upon  the  ilope 
of «  hill,  Iha  corridor  h«ing  the  higheil  part,  «h*ne<  llie  audience  deieendiid  to  their  naM, 
and  italteawt  were  wtd.  The  fradia  at  Chii  theatre  ware  about  I  ft.  3  in.  high,  and  !  ft. 
4  in.  wide,  and  ftom  a  part  which  is  divided  and  numbered  off,  I  ft.  3}  in,  appear  to  bai* 
bMnaBlotted  lo  each  ipeetator.  There  ttill  remain  aomeof  the  iron  ring*,  for  the  rcoaptioo 
of  Ibe  Duati  ftom  which  the  nbriinii  or  awning  waa  auipended. 

«S.  AmjAitJualTti.  —  Tlieamphilheatrewai  unknown  to  the  Grecka    At  an  earl  j  period, 

howa?«T,in  Rome,  human  beinf^  were  compelled  to  Aght  fbr  the  amuiement  of  (pectaton. 

The  taate  Tor  auch   ipectaelea  increaied  with  iti  indulgence :  but  it  wai  nerertheleM  not 

until  the  time  of  the  «ni- 

peron,  that  building*  wen 

erected  •olely  for  elhibi- 

lion  of  gladiatorial  ahow*. 

The  principal   amphilh*- 

I    attet,  of    which    remain* 

'  atill  eiiit,  are  one  at  Alba, 

'  a  imall  eitjr   of  I^tium; 

'    another  near  the  Tiber  at 

Otricoli;    one    of    brick 

-  near  the  banki  of  the  Ca- 

rigliano  ;  one  at  Punuoli. 

wherein  part*  of  the  aT' 

""■"■  ..«m.«™.i«j.  „,j^  ^5    cave*  for  wild 

heaata  (till  remain  ;  one  at  Capua ;  another  at  Verona )  a  Tcrv  fine  one  at  Pota  in  I*tria 

(gg.  197. ).    In  Prance,  Arie*.  Saintea  Autun,  Nismea,  and  Nice  poMessed  nmphtUieatrM. 

In  ihort,  vhercrer  the  Bomani  went,  they  erected  thoae  eitraardinarj  monumenta  of  their 

power  and  akill.      But  all  that  we  haie  enumerated  were  &r  lurpasaed  by  the  Coliatum, 

which  haalkeen  already  briefly  mentioned  by  u>  at  page  79.      T^e  form  of  thia  building  on 

the  plan  ia  an  ellipae,  whoae  tnuuTcne  eiterior  aiia  is  615  ft.  and  iti  conjugate  510  ft. 

corering  therefore  nearly  ni  Engliah  acrea  of  ground,      "nie  whale  maaa  ii  placed  on  an 

name  which  it  reeeived  f^m  being  atrewed  with  tand,  the  trantTerae  and  corrugate  axea 
whereof  are  961  and  176  ft.  reapeetiTely.  Round  the  arena  waa  a  wall  on  which  wai  (be 
pa^'Hm  or  fence ;  and  immediately  behind  thii  wall  all  round  waa  a  row  of  cell)  in  which 
the  beait*  were  placed  preparatory  to  their  entrance  into  the  arena.  In  the  rear  oT  the 
cell)  waa  a  eorridor  from  which  Taults  radiated  in  direction*  perpendicular  or  nearly  ■> 
to  the  eunre  of  the  ellipae,  and  lerTing  lo  lupport  the  firat  mmiaan  or  interior  range 
of  aeata.  In  lome  of  Iheae  TBult*  were  atepa  leading  to  the  podium  ;  other*  were  merely 
paaaagea  between  the  first  oorridor  and  the  neit  towanli  the  interior.  The  aeeond  corridor 
wa*  lighted  by  aperturn  cut  through  ita  vault  to  the  pradmetio  which  aeparated  the  firat 
and  aeeond  horiaontal  diviaion  of  the  aeata.  Tn  rear  of  the  acoond  eorridor,  vault*  again 
radiated,  inaome  whereof  were  atep*  leading  to  the  aeeond  dirition  of  the  aeata,  and  in  othcra 
were  galleries  which  led  from  the  corridor  to  the  double  arcade,  aurrounding  the  whole 
ediSce.  The  ileacription  will  be  better  comprehended  by  reference  iofigi.  19S.  and  199., 
in  the  Utter  whereof  a  portion  of  the  eiterior  tide  is  removed,  to  eihitat  the  aection. 

SS9.  About  the  whole  eiterior  of  the  building,  there  are  three  orden  ot  column*  rising 
above  each  other,  and  one  of  pilaster*  crowning  the  whole.  'Hie  eoiumna  are  of  equal 
diameter,  and  are  filled  in  between  with  eighty  arcade*  in  each  atory.  The  arebea  of  thea* 
arcade*  have  all  archivolt  mouldings  round  them.  Pour  of  the  arcades  in  the  lower  tier 
were  reaerved  for  the  admission  of  distinguished  personages,  the  remainder  for  the  populace; 
these  last  were  called  tomitoria,  serving  both  fur  ingreaa  and  egreaa  to  and  f^om  the  placea 
of  the  apectaCoT*.  by  means  of  step*  under  the  vaults  that  supported  the  aeata.  The  pier* 
which  support  Uie  arehe*  are  7  ft.  4.  in.  wide  ;  on  each  is  a  half  column  projecting  ftom 
the  general  (net  of  the  wall.  T^e  opening  between  the  plera  ia  IT  ft.  Sj)  in.  Impoat 
mouldings  are  placed  at  the  apringingof  thearehra,  and  encircle  the  building  except  where 
interrupted  by  the  columna  and  openings.  The  lower  order  reaemble*  tbe  Dorio. 
except  that  the  ftieie  is  without  triglyphi  and  the  cornice  without  mutulca.  Deagodeta 
makes  the  height  of  the  column*  97-63  ft.,  and  their  lower  diameter  9-91  ft.  Their 
diminution  is  very  imall.  The  height  of  the  entabUtuie  is  6-64  ft,  and  the  height, 
therefore,  of  the  whole  order  above  the  pavement  ia  34 -ST  ft  The  second  order  is 
Ionic,  and  atanda  on  a  dado  6  ft.  high,  broken  under  the  columns  to  receive  their 
protection  ftom  the  wall  Tbe  columns  are  2S'7S  ft.  high.  The  volutes  of  the  capitd* 
are  without  ornament;  the  eye  h«ng  merely  marked  by  a  circle.  The  entablature  ia 
6-64  ft  high,  and  iu  aubdiviiions  are  like  that  in  the  order  below,  There  are  neither 
modilliona  nor  dentils  In  tbe  cornice.  The  height  of  the  whole  order  ia  38-37  ft.  The 
Ibird  order  it  Corinthian,  sUnding  on  a  dado  6 '39  ft.  high.  The  columnaare  95-W  It  hi^, 
tbe  entablature  6-59  ft.,  and  the  height  of  the  entire  order,  including  tbe  dado,  it  38-S7  ft. 


nmoing  through  tb*  bKk  part  of  the  corniM,  pale*  iren  plurd  fbr  holding  the  BcAnrwii, 
vhich  WB  oconiatiall;  ctreubed  OTer  th*  buili^Dg  to  protect  the  ipeetBton  from  the  nin 
«  rwo.  The  whole  bught  of  the  bi^mit  abore  the  etcpi  wu  163  ft.  The  columni  project 
mhcr  more  from  the  walle  then  their  icTnidieiTieter ;  end  the  tmcet  of  the  velli  en  not  in 
tfte  bdi«  Tenieel  pUpe,  but  recede  from  it  towardi  the  interior  of  the  building.  'Hie  vidths 
of  th«  pien  ytrj  in  the  different  itoriei,  being  reepectiTcly  from  the  lover  part  upward*  u 
8-71,  8-3S.  end  7-38  ft.  Between  the  pilulers,  in  the  Iburlh  order,  ere  iquere  window*. 
The  TeUriam  wu  attached  to  the  polea  round  the  eireumferenee  with  a  fall  towardi  (he 
tDterior,  »  that  the  rain  wu  delivered  into  the  uena.  The  follawing  bu  been  luppoaed 
a*  a  method  of  apnoding  the  velarium,  of  which  Fontana  siTei  a  reprraenlation,  but  no  d*. 
wriptkm.  A  cable  being  placed  round  the  edge,  and  following  the  curve  of  the  podium, 
ftreog  rape*  were  attached  to  it  in  the  direction  of  the  radiating  walli  on  the  plan,  and 
paaang  through  pnllica  in  the  pole*  at  the  lop  of  the  building,  which  were  E10  in  number, 
natii^  on  the  eorbela  befbre  mentioned,  u  that  the  whale  might  be  raited  to  the  required 
bc^fat.  It  vould  Ibllow  the  inclination  of  the  leati,  and  the  cloth,  of  whatcTer  fabric  or 
naletiale  it  might  be,  bcinc  formed  in  gore*  equal  on  the  outer  edg«  (n  the  diatance  of  the 
■HMa  liraai  aaeii  other,  mi^it  move  on  the  radiating  ropee  bj  ring*  attached  to  the  edge*  of 
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each  gore,  so  as  to  be  moYed  backwards  and  forwards  by  persons  stationed  on  the  parapet 
Marine  soldiers  were  employed  for  this  purpose.  Tlie  velarium  was  sometimes  of  silk,  but 
more  usually  yellow  or  brown  woollen  doth.  Nero  once  had  a  purple  velarium  stretched 
across  the  building,  representing  the  heavens  with  stars  of  gold  on  it,  and  a  design  em- 
broidered thereon  of  the  Chariot  of  the  Sun. 

230.  It  has  been  coi\jectured  by  some  Roman  antiquaries  that  the  arena  was  boarded  ; 
and,  from  the  changes  that  could  be  made  on  it  in  a  very  short  period,  the  ooi^ecture  is 
highly  probable.  Domitian  covered  it  with  water  for  the  purpose  of  exhibiting  marine 
shows  and  naval  fights.  Sometimes  it  was  changed  into  the  representation  of  a  forest  with 
wild  beasts  roaming  about.  These  alterations  were  effected  by  means  of  machines  called 
ptgmata.  In  particular  parts  of  the  building,  pipes  were  provided  for  the  distribution  of 
perfumes,  which  it  was  a  common  practice  to  sprinkle  in  showers ;  but,  on  particularly 
great  occasions,  the  perfumes  were  allowed  to  flow  down  the  steps  or  gradus  of  the  amphi- 
theatre. 

23 1 .  The  conjecture  relative  to  the  boarded  floor  of  the  arena  has  been  corroborated  by 
the  discoveries  made  while  the  French  had  possession  of  Rome.  They  excavated  the  arena, 
and  found  vaults  and  passages  under  its  whole  area.  It  is  much  to  be  regretted  that  theae 
inquiries  were  not  carried  on,  owing  to  an  accumulation  of  waters,  for  which  no  drainage 
having  been  prorided,  they  became  unwholesome  from  stagnancy,  and  it  therefore  was 
necessary  once  more  to  dose  it  again  by  obvious  means.  Great  care  was  bestowed  on  the 
drainage  of  this  edifice,  which  was  encircled  by  a  large  sewer  for  the  reception  of  the 
water  of  the  interior  drains,  that  were  all  conducted  mto  it.  Another  drain,  SO  inches 
wide,  was  carried  round  under  the  second  corridor,  into  which  are  conveyed  the  water 
from  the  perpendicular  conduits  and  that  from  the  third  corridor,  whose  drain  is  3  ft.  in 
depth  and  17  inches  in  width.  The  sides  of  these  drains  are  lined  with  tiles.  Another 
drain  runs  on  the  outer  side  of  the  third  corridor,  and  is  of  the  same  sise  as  the  last  named. 
Other  drains  communicate  with  these  towards  the  arena  in  various  directions. 

232.  Paoli  thinks  that  amphitheatres  were  first  used  by  the  Etruscans,  and  by  them 
introduced  into  Rome ;  that  the  people  in  question  first  exhibited  their  games  in  narrow 
valleys,  and  that  the  spectators  were  ranged  around  on  the  sides  of  the  hills ;  that  when  these 
sports  were  exhibited  in  cities,  an  arena  was  dug  into  the  level  ground,  and  the  earth  thrown 
out  was  formed  into  seats ;  and  that  when  the  community  became  rich  oiough,  or  the  games 
came  to  be  held  in  greater  esteem,  the  amphitheatre  was  enclosed  with  a  wall,  and  the  seats 
formed  of  wood  or  stone  It  certainly  appears  to  us  that  Paoli*s  conjecture  is  reasonable, 
and  that  Etruscan  buildings  or  formations  were  the  original  type. 

233.  The  amphitheatre  at  Nismes  was  capable  of  containing  17,000  persons :  it  was  400  it 
long  and  320  fL  broad.  That  at  Verona,  upon  whose  age  antiquaries  are  divided  in  opinion, 
some  maintaining  that  it  was  built  in  the  time  of  Augustus,  and  others  as  late  as  the  time 
of  Maximian,  Maffei  making  somewhat  of  a  mean  between  the  two  periods,  is  of  an  ellip- 
tical form,  508  ft  long  and  403  ft  broad.  It  is  in  much  better  preservation  than  the 
Coliseum.  Ito  exterior  wall  has  three  stories  of  Tuscan  pilasters  on  the  free  of  the  wsll, 
the  two  upper  whereof  stand  on  podia.  Between  these  pilasters  are  arcades  of  semi- 
circular-headed apertures.  Maffei  says,  that  allowing  a  foot  and  a  half  of  room  for  each 
person,  this  edifice  would  seat  22,000  spectators. 

234.  Baih*.  —  Publius  Victor  says  that  the  city  of  Rome  contained  public  and  private 
baths  to  the  amazing  number  of  850.  Some  of  these  we  know,  from  their  ruins,  were 
buildings  of  great  extent  and  raaffnificence.  They  were  all  constructed,  we  mean  the  public 
ones,  on  plans  very  similar;  and,  in  order  to  a  description  of  them,  we  give  in  Jig,  ISO.  a 
restored  plan  of  the  baths  of  Caracalla,  at  Rome.  Those  of  Titus  and  Diodesian  may 
also  be  traced ;  the  chief  others  being  those  of  Agrippa,  Nero,  and  Domitian.  The  baths 
of  Antoninus  Caracalla  are  thus  described  by  Eustace  (vol.  L  p.  226.) :  ^  Repassing  the 
Aventine  Hill,  we  came  to  the  baths  of  Antoninus  Caracalla,  that  occupy  part  of  its  de- 
divity,  and  a  considerable  portion  of  the  plain  between  it,  Mons  C«elidus  and  Mons 
Caelius.  No  monument  of  ancient  architecture  is  calculated  to  inspire  such  an  exalted 
idea  of  Roman  magnificence  as  the  ruins  of  their  thermie,  or  baths.     Many  remain  in  a 

¥ 'eater  or  less  degree  of  preservation ;  such  as  those  of  Titus,  Diodesian,  and  Caracalla. 
6  give  the  untravelled  reader  some  notion  of  these  prodigious  piles,  I  will  confine  my 
observations  to  the  latter,  as  the  greatest  in  extent  and  as  the  best  preserved ;  for,  though 
it  be  entirely  stripped  of  its  pillars,  statues,  and  ornaments,  both  internal  and  external,  yet 
its  walls  still  stand,  and  its  constituent  parts  and  principal  apartments  are  evidently  distin- 
guishable. The  length  of  the  thermae  was  1840  ft,  iU  breadth  1476.  At  each  end  were 
two  temples ;  one  to  Apollo,  and  another  to  Esculapius,  as  the  tutelary  deities  (jftnii  tute- 
laret)  of  a  place  sacred  to  the  improvement  of  the  mind  and  the  care  of  the  body.  The 
two  other  temples  were  dedicated  to  the  two  protecting  divinities  of  the  Antonine  fiunily, 
Hercules  and  Bacchus.  In  the  principal  building  were,  in  the  first  place,  a  grand  circular 
vestibule,  with  four  halls  on  each  side,  for  colcU  tepid,  warm,  and  steam  baths :  in  the 
centre  was  an  immense  square  for  exercise,  when  the  weather  was  unfavourable  to  it  in  the 
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open  air  ;  beyond  it  a  great  hall,  where  1 600  marble  seats  were  placed  for  the  convenience 
of  the  bathers :  at  each  end  of  this  hall  were  libraries.  This  building  terminated  on  both 
sides  in  a  court  surrounded  with  porticoes,  with  a  spacious  odeum  for  music,  and  in  the 
middle  a  spacious  bann  for  swimming.  Round  this  edifice  were  walks  shaded  by  rows  of 
trees,  particularly  the  plane ;  and  in  its  front  extended  a  gymnasium  for  running,  wrestling, 
&c.  in  fine  weather.  The  whole  was  bounded  by  a  vast  portico,  opening  into  exedrs,  or 
spacious  halls,  where  the  poets  declaimed  and  philosophers  gave  lectures  to  their  auditors. 
This  immense  fitbric  was  adorned  within  and  without  with  pillars,  stucco  work,  paintings, 
and  statues.  The  stucco  and  paintings,  though  fiedntly  indeed,  are  yet  in  many  places  per- 
ceptible. Pillars  have  been  dug  up,  and  some  still  renmin  amidst  the  ruins ;  while  the 
Famcsian  bull  and  the  famous  Hercules,  found  in  one  of  these  halls,  announce  the  multi- 
pli«ty  and  beauty  of  the  statues  which  adorned  the  thermae  of  Caracalla.  The  flues  and 
reservoirs  of  water  still  remain.  The  height  of  the  pile  was  proportioned  to  its  extent,  and 
still  appears  Tcry  considerable,  even  though  the  ground  be  raised  at  least  12  ft.  above  its 
ancient  level.  It  is  now  changed  into  gardens  and  vineyards ;  its  high  massive  walls  form 
separations,  and  its  limy  ruins,  spread  over  the  surface,  bum  the  soil  and  check  its  natural 
fcrtUity.- 

835.  Returning  to  the  plan  of  the  baths  in  question,  we  have  now  to  explain  that  the 
circular  apartment,  lettered  A,  was  called  the  solar  cell.  It  was  111  it.  in  diameter,  and 
contained  the  different  labra  of  the  baths.  This  solar  cell,  Spartianus  says,  could  not  be 
equalled  by  the  best  architects  of  that  age.  The  dome  was  lined  with  brass,  of  which  ma- 
terial also  were  the  lattices  to  the  windows.  B,  the  apodjfterium,  or  undressing  room. 
C  a  xjfMhUf  or  apartment  for  exercise  in  unfavourable  weather.  D  contained  the  piscina, 
or  la^ge  reservoir  for  swimming.  £,  vestibule  for  spectators  and  the  dresses  of  the  bathers. 
P,  entrance  vestibule  of  the  thermae,  having  libraries  on  each  side.  G  G,  rooms  wherein 
the  athletae  prepared  for  their  exercises.  H,  a  court,  having  a  piscina  for  bathing  in  the 
eentre.  I,  eph^ietam,  place  of  exercise  for  the  youth.  K  K,  tlie  eheotherium^  or  apartment  for 
anointing  the  bathers  with  oil.  L  L,  vestibules.  M,  faeonieum,  an  apartment  so  called,  as 
it  is  said,  from  the  name  of  the  stove  by  which  it  was  heated,  and  from  the  custom  of  the 
Bwdatio,  or  sweating,  having  originated  in  Laconia.  N,  caldarium,  or  hot  water  bath,  which 
was  most  frequented.  O,  tepidarium,  or  tepid  water  bath.  P,  frigidarium,  or  cold  water 
bath.  Q,  exedra  for  seats  fbr  the  use  of  the  philosophers  and  their  scholars.  W,*  rooms  for 
conversation.  R  R,  exet/rce,  or  large  recesses  for  the  use  of  the  philosophers.  Y,  coniatenwm, 
or  place  where,  afUr  anointing,  the  wrestlers  were  sprinkled  with  dust 

S36.  We  hare  just  given  the  common  explanation  to  the  word  laeonicum;  but  it  is  right 
the  reader  should  know  that  its  true  meaning  is  in  some  doubt.  Galiani  considers  it  a  great 
chamber  wherein  the  people  underwent  sweating.  To  this  Cameron  adds,  "  I  for  myself 
bold  it  certain  that  the  apartment  for  this  purpose  has  been  by  some  authors  improperly 
termed ;  the  laeonicum  is  nothing  more  than  a  little  cupola  which  covered  an  aperture  in 
die  paTement  of  the  hot  bath,  through  which  the  vivid  flame  of  the  hypocaustum.  or 
fnmaee,  passed  and  heated  the  apartment  at  pleasure.  Without  thu  means,**  continues  that 
author,  **  the  hot  bath  would  not  have  had  a  greater  heat  than  the  other  chambers,  the 
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tempenture  of  which  was  milder.  I  have  been  induced  to  form  this  opinion,  not  only 
from  the  ancient  paintings  found  in  the  baths  of  Titus,  but  also  by  the  authority  of  Vitru- 
vius,  who  says  that  the  hot  bath  {eoncamerata  gudatio)  had  within  it,  in  one  of  the  comers, 
or  rather  ends,  the  laoonicum.  Now,  if  the  laconicum  was  in  the  comer  of  the  hot  bath, 
it  is  clear  that  it  is  not  the  bath  itself,  but  merely  a  part  of  it ;  and  i^  as  others  have  thought, 
it  was  the  hot  bath  itself,  to  what  purpose  served  the  concamerata  sudatio?** 

237.  The  baths  and  thermn  of  the  Romans,  like  the  gymnasia  of  the  Greeks,  were  highly 
ornamented  with  bassi  relievi,  statues,  and  paintings.  The  basins  were  of  marble,  and  the 
beautiful  mosaic  pavements  were  only  equalled  by  the  decorations  of  the  vaults  and 
cupolas.  Nothing  more  strongly  proves  the  magnificence  and  luxury  of  the  ancient 
Romans  than  the  ruins  of  the  baths  still  to  be  seen  in  Rome.  Agrippa  decorated  his  baths 
with  encaustic  paintings,  and  covered  the  walls  of  the  caldarium  with  slabs  of  marble,  in 
which  small  paintings  were  inserted.  All  these  luxuries  were  introduced  under  the  em- 
perors ;  and  the  mere  act  of  bathing,  as  described  by  Seneca  in  the  instance  of  Scipio 
Africanus,  appears  to  have  been  almost  lost  in  the  effeminacy  of  the  later  practice.  The 
splendour  of  the  places  may  be  judged  of  by  calling  to  the  remembrance  of  the  reader 
that  the  celebrated  statue  of  the  Laocoon  was  one  of  the  decorations  of  the  baths  of  Ittus, 
and  that  of  the  Famese  Hercules  of  the  baths  of  Caracalla. 

SS8.  We  have,  in  the  section  on  Aqueducts  (224.),  stated  the  extraordinary  quantity  of 
water  with  which  the  city  was  supplied  by  them,  and  there  can  be  no  doubt  that  the  baths 
caused  a  very  great  consumption  of  that  necessary  article  of  life.  After  the  removal  of  the 
empire  to  Constantinople,  we  hear  of  no  thermae  being  erected ;  and  it  is  probable  that  at 
that  period  many  of  those  in  the  city  fell  into  decay.  The  aqueducts  by  which  they  were 
supplied  were,  moreover,  ii^jured  by  the  incursions  of  invaders,  another  cause  of  the  destruc- 
tion of  the  baths.  Remains  of  Roman  baths  have  been  discovered  in  this  country,  tat 
descriptions  whereof  the  reader  is  referred  to  the  Archaohffia. 

239.  We  shall  conclude  our  observations  on  the  Roman  baths  by  the  mention  of  some 
curious  paintings  in  the  baths  of  Titus,  very  similar  in  their  features  to  those  found  in 
places  on  the  walls  of  Pompeii ;  we  allude  to  representations  of  slender  twisted  columns, 
broken  entablatures,  and  curvilinear  pediments,  columns  standing  on  corbels  attached  to 
the  walls,  a  profusion  of  sculpture,  with  &ntastic  animal  figures  and  foliage,  and  many 
other  eitravojfanzcUf  which  found  imitators  after  the  restoration  of  the  arts,  and,  in  some 
cases,  with  great  success. 

240.  Circi,  —  Tlie  circus  of  the  Greeks  was  nothing  more  than  a  plain,  or  race  course ; 
from  its  length  called  SrcU^ioy  (stadium) ;  as  also  Kx/mtoj,  from  its  oval  figure.  With  the 
Romans  it  became  a  regular  building  of  great  dimensions  and  magnificence.  The  Circus 
Maximug,  constructed  originally  in  a  rude  manner  by  Romulus,  and  afterwards  rebuilt  by 
the  elder  Tarquin,  is,  in  its  external  dimensions,  computed  to  have  been  2000  ft.  long  and 
550  ft.  broad,  consisting  of  two  parallel  walls  in  the  direction  of  its  length,  united  at  one 
extremity  by  a  set  of  apartments,  called  carcereM,  arranged  in  the  form  of  the  segment  of  a 
circle  of  about  430  ft.  radius ;  and,  at  the  opposite  short  end,  by  a  semicircular  enclosure. 
The  carceres  contained  the  chariots  ready  for  starting.  The  areruit  or  space  thus  enclosed, 
contained  a  long  low  wall  called  the  spina,  1300  ft.  in  length,  running  along  its  longitudinal 
axis,  and  commencing  at  the  centre  of  the  semicircular  end,  having  a  meta,  or  goal,  at 
each  of  its  extremities.  Like  those  of  the  theatre  and  amphitheatre,  the  seats  of  the  spec- 
tators were  placed  round  the  arena  with  a  podium  in  front ;  between  which  and  the  spina 
the  races  of  the  chariots  were  exhibited.  Tlie  circus  of  Nero  was  nearly  of  the  same  form, 
but  neither  so  long  nor  so  broad,  being  only  1400  ft.  in  length  and  260  in  breadth,  and 
its  spina  but  800  ft. 

241.  The  renuuns  of  the  circus  of  Caracalla,  of  which  Bianconi  has  given  a  very  good 
account,  are  still  sufficiently  abundant  to  trace  the  plan  (/ig.  131.).  It  was  nearly  of  the 
same  dimensions  as  that  of  Nero.  There  are  in  this  building  come  curious  examples  of 
lightening  the  spandrels  of  the  arches  over  which  the  seats  were  constructed,  by  filling  them 
in  with  light  vessels  of  pottery ;  a  practice  which  has  been  partially  adopted  in  some 
modem  buildings,  and  is  still  usefully  practised  on  the  Continent  Generally  speaking, 
the  circus  was  a  parallelogram,  whose  external  length  was  from  four  to  five  times  its  breadth. 
It  was  surrounded  by  seats  ranged  above  each  other  and  bounded  by  an  exterior  wall, 
probably  pierced  with  arcades.  The  spina  was  about  two  thirds  the  length  of  the  building, 
and  was  ornamented  with  statues,  obelisks,  and  other  ornaments,  terminated  at  each  end  by 
the  meta,  which  consisted  of  three  obelisks  or  columns.  The  carceres  were  closed  by  gates 
in  front  and  rear,  which  were  not  opened  till  the  signal  was  given  for  starting.  In  the 
circus  of  Caracalla,  it  will  be  seen  lliat  these  carceres  were  placed  obliquely  to  the  lon^ 
sides  of  the  edifice,  so  as  to  equalise  the  length  of  their  course  from  the  starting  point  to 
the  goal.  So  that  it  would  seem  there  was  as  much  nicety  in  a  chariot  race  of  old  as 
in  a  m6dern  horse  race. 

242.  Private  Houses — The  domestic  architecture  of  the  Romans  possesses  great  interest ; 
the  general  instructions  spread  over  the  sixth  book  of  Vitruvius  upon  their  parts  and  pro- 
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portions  have  received  much  illustration  from  the 
disooreries  at  Pompeii;  and  it  is  pleasant  to  find 
that,  following  his  merely  verbal  directions,  a  build- 
ing might  be  planned  which  would  correspond 
as  nearly  with  what  we  now  know  was  the  case, 
as  two  houses,  even  in  a  modem  city,  may  be  ex- 
pected to  resemble  one  another.  In  the  following 
observations  we  have  used  most  abundantly  the  ele- 
gant little  work  of  Mazois  (i>  TahU  de  Scaurus, 
2d  ed.  8vo.  Paris,  1822),  and  feel  a  pleasure  in  thus 
acknowledging  our  obligations  to  that  author ;  but, 
before  more  immediately  using  his  observations  on 
the  later  habitations  of  the  Romans,  we  shall  pre- 
mise that  until  after  the  war  of  Pyrrbus,  towards  the 
year  280  a-c,  the  use  of  tiles  as  a  covering  for  them 
appears  to  have  been  unknown.  Till  then  thatch  or 
sbinffles  formed  the  covering  of  the  houses.  They 
consisted  of  a  single  story ;  for,  according  to  Pliny 
(lib.  zxxiv.  c.  15.)  and  Vitruvius  (lib.  ii.  c.  8.),  a  law 
was  in  force  forbidding  walls  of  a  greater  thickness 
than  one  foot  and  a  half;  whence  it  is  clear  they 
could  not  have  been  safely  raised  higher  than  a 
single  story  with  the  unbaked  bricks  then  in  use. 
But  the  space  within  which  the  city  was  confined,  with 
an  increasing  population,  rendered  it  necessary  to  pro- 
vide in  height  tliat  which  could  not  be  obtained  in  area; 
so  that,  in  the  time  (^Augustus,  the  height  of  a  house 
was  limited  to 70  ft.  (Avrd,  Viet.;  and  Strabo,  lib.  v.) 

24S.  The  extraordinary  fortunes  that  were  realised 
in  Rome  towards  the  last  years  of  the  republic,  when 
the  refinements  of  the  arts  of  Greece  were  introduced 
into  the  city,  soon  led  its  more  favoured  citizens  to 
indulee  in  architectural  splendour.  Lucius  Cassius 
had  ^corated  his  dwelling  with  columns  of  foreign 
marble ;  but  all  other  private  edifices  were  thrown 
into  shade  by  that  of  Scaurus,  in  which  were  em^ 
ployed  black  marble  columns  of  the  height  of  38  ft 
Mamurra  lined  his  apartments  with  marble;  and, 
indeed,  such  was  the  prodigality,  for  it  deserve^  that 
term,  of  the  Romans,  that  Pliny  (lib.xvii.  c.  50.) 
tells  us  of  Domitius  Ahenobarbus  having  offered  a 
sum  equivalent  to  48,500/.  sterling  (sexagies  sester- 
tium)  for  the  house  of  Crassus,  which  was  refused. 
Their  villas  were  equally  magnificent.  Cicero  had 
two  —  his  Forraian  and  Tusculan  villas ;  but  these 
were  exceeded  in  beauty  by  those  of  Lucullus  and 
PoUio,  the  latter  near  Posilippo,  where  some  re- 
mains of  it  are  still  to  be  seen.  Though  Augustus 
attempted  to  stop  this  extraordinary  rage  for  mag- 
nificence, he  was  unsuecessAil ;  and  the  examples 
which  were  afforded  by  later  emperors  were  unlikely 
to  restrain  the  practice  where  the  means  existed. 
In  the  Domus  Aurea  of  Nero,  domestic  architecture 
appears,  from  all  accounts,  to  have  reached  the  utmost 
degree  of  splendour  and  magnificence. 

244.  In  the  better  class  of  Roznan  dwellings,  cer- 
tain apartments  were  considered  indispensable ;  and 
these,  in  different  degrees  of  size  and  decoration, 
were  always  found.  There  were  others  which  were 
or  were  not  so  found,  according  to  the  wealth  and 
fancy  of  the  proprietor.  Thus,  every  private  house 
of  any  pretension  was  so  planned  tliat  one  portion 
was  assigned  to  the  reception  of  strangers,  or  rather 
for  public  resort,  and  the  other  for  the  private  use 
of  the  family.  The  public  part  was  destined  for  the 
reception  of  dependants  or  dients,  who  resorted  to 
the  house  of  their  patron  for  advice  and  assistance. 
H  2 


HISTORY  OF  ARCHITECTURE. 


n  I. 


The  number  of  thew  fIIciiIi 
civil  matters,  be  depended  or 
thronged  with  ihfm ;  and  i1 
kept  up  among  our  IwriUte 
it!  eitent,  the  eminence  of  lb 
hii  clienti  eiuble  him  to  con< 


.1  honourable  and  uwfiil  to  the  patron,  as  lhe<r  niighl,  in 
ir  their  votes.  Hence  lavyers  eipecially  had  Iheit  boutn 
I  amuiing  in  the  present  day  to  see  the  term  of  cUenI  Mill 
:  For  although  his  state  o(  dependence  liaa  lost  nothing  of 
latron  is  nov  meoaured  bir  the  quantity  and  amount  of  tecs 
le.      Vitruvius  deacribes  the  public  portion  aa  conusting  of 


especial  desire 


94,5.  The  parts  wliich 
use  of  the  fiimily  were  th 

bleaia  (ilceping  apaitmer 

the    biblielhrca.  or    librai 


246.    In 


s),  the  Iriflixu 
picture  gBllcri 
',  hatha,    unj 


sanded  on  U 


rophies, 


.    .  nented 

,  and  the  like,  and  on 
h  being  open)  was  the 
entrance  or  portico  o(  the  bouse. 
nailer  dwellings  this  entrance  or 
aa  in  a  line  with  tl 
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ibule  c 


according  to  the  < 
ationof  Varro  w 
aa  well  as  the  o^ 


r'<  rank.    Tlie  eipUui- 

rtainly  aniver  for  one 

It  may  be  t)iat  Ihe 

>nd  atrium  of  larger 


247.  or  the  I 
letting  roof  was 
right  angles  into 


s  describes  live  aorta :  1.  Tlie  JVjmh,  wherein  the  pro 
'houae  on  the  four  sides,  aupported  by  beams  fhimed  a 
he  space  in  the  centre  forming  the  comfJupitim,  and  tin 
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sliimm),  wliicli  vu  limiUr  to  the  Tuwin,  eicept  tlial  (he  angles  of  the  boms  of  tlie  rooF 
V  pcnt.huuse  rested  on  four  columni.  a,  llie  Carinthiiin  ■trium  {fy.  133.).  which  dif- 
'  '  n  the  last  io  its  size,  uid  the  number  of  its  columns.  4.  'Ilie  ofnam  dii. 
'bicb  the  slope  of  the  roob  was  tovard&  the  body  of  the  building.  5.  The 
irai  eovered  with  ■  ceiling,  and  with  nothing  more  thmn  tn 
I  light,  llie  Gompluvium  wu  aometimei  (HiH.  xil.  c.  i.) 
ming.  The  roof  of  the  four  lides  of  the  atrium  was  coTered 
with  omamcntal  tiles,  the  eaves^  Fjces  whereof  were  terminated  between  their  sloping  June- 
dons  with  csned  faces  called  mitgSxa,  similar  to  those  in  the  roo&  oT  the  Grecian  tem- 
ples. The  atrium  was,  moreover,  frequently  embellished  with  fountains.  It  wa*  in  the 
atrium  thai  the  splendid  columns  which  we  have  mentioned,  as  decorating  the  house  of 
ScBUrus,  were  placed.  The  walls  were  either  lined  with  marble  or  painted  with  various 
devices,  and  the  pavement  was  decorated  with  mosaic  work  or  with  precious  marbles. 

34S.   The  laUimwm,  which  usually  opened  towardt  the  atrium,  seems  to  have  been  a  sort  of 

have  thought,  and  we  do  not  uy  tliey  are  wrong,  that  this  apartment  contained  (which  it 
might  also  do  without  affecting  the  truth  of  the  first  supposition)  the  &mily  archives. 

ai9.  The  apartments  on  the  tides  right  and  left  of  the  tablinum  were  called,  as  their 
name  ligaifies,  atx.  These  were  also  furnished  with  portraits,  atutueft,  and  other  pieces  re- 
lative to  the  family,  not  omitting  insciiptioni  commemorative  of  actions  worthy  their  name. 

250.  Two  corridors,  one  on  each  side  of  the  atrium,  which  led  to  the  interior  of  the  house 
from  the  atrium,  were  called /nmM  (jaws). 

351.  In  houses  of  moderate  dimensions,  chambers  were  distributed  round  the  atrium  for 
I  the  reception  and  lodgir^  of  st 


tsofin 
I  proprietor  was  a  person 
neiiona,  there  was  a  sepsi 

propriated  to  that  purpose 
QsS.    Wc  have  stated  tha 


nee,  wherein  the 
ended   con- 


nat  tlie  peristyle  was 
part  of  the  house, 
rays,  placed  beyond 

means  of  the  tablinum  and  taucn.  Similar 
in  general  form  and  design  to  the  atrium, 
for  It  was  surrounded  by  eolumni  (seej!^. 
lS^.),  it  was  larger  than  that  apartment. 
The  centre  was  usually  provided  with  a  par- 


0.). 


here  was  an  ante-room  called  pn/callm,  to 
■ach  of  the  bed-chambers,  of  whose  arrangc- 
nent  very  little  is  known.  The  triclinium 
T/mt  HAIKU,  three  beds),  or  dining-room, 
vaa  so  called  from  its  hating  three  couclies 
vund  the  table  on  which  the  dinner  was 
erved  ;  the  fourth  aide  being  Ir 


5.). 


from  the  garden  by  a  large  win 
those  fin  summer  to  the  east, 
would  contain  n  greater  or  Ici 
of  Greek  origin,  and,  like  the 
letrwlyle.  1 


was  raised 
i  separated 


two  steps  from  the  peristyle, 
low.  Winter  triclinia  were  placed  towards  tl 
In  large  houses  there  were  several  triclinia,  whose  couches 
1  number  of  people.  The  irci  were  large  sh/okj  or  halls, 
alria,  were  of  mure  than  one  species  ;  as  for  instance  llie 
the  Egyptian.  "  Tlicre  is  this  ditterencc."  observes  Vi- 
.  cap,  6.).  "  between  the  Corinthian  and  Egyptian  (ecus.  ITie  former  ha» 
a  ungle  order  of  columns,  standing  cither  on  a  podium  or  on  the  ground,  and  over  it 
architraves  and  cornices,  either  of  wood  or  plaster,  and  a  semicircular  ceiling  above  the 

the  surrounding  walla  is  a  boarded  and  paved  floor,  ao  as  to  form  a  passage  round  it  in  the 
open  air.  Then,  perpendicularly  over  the  architrave  of  the  lower  columns,  columns  one 
lownh  smaller  are  placed.  Above  their  architraves  and  cornices,  they  are  decorated  with 
eeilings.  and  windows  are  placed  between  the  upper  columns.  Thna  thty  have  the  appear- 
anc«  of  baailicK  rather  than  of  Corinthian  triclinia."  The  cecus.  called  Cyiicene  by  the 
Greeks,  was  dilTerent  to  those  of  Jtaly.  Its  aspect  was  to  the  north,  towards  the  gar. 
II  it 
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*  daa,  uid  hul  doon  in  tlis  middle.  Itvu 
nude  long,  and  briMd  enaugb  to  huld  two 
tiiclinU  oppoute  to  tueb  other.  ThB  Greek 
(mu  vu  not,  boweier,  much  uied  in  Italy. 
The  pinacatitca  (picture  room),  where  po*- 
•ible,  bced  tli«  north :  both  thii  and  the  bib- 
lioliica  (yihi*ij\  irhoM  upect  wu  ecit,  do 
not  rc^iuire  eipUuution.  llie  titdm  of  tbe 
Rornno  houH*  were  large  ■pwlmentt  for 
the  ganeral  purposes  ^f  lociety.  The  npper 
■toriei  of  ttie  hoiue,  the  chief  b«ng  on 
the  ground  floor,  were  occupied  b;  ilaTei^ 
[reedmen,  and  the  lower  branches  of  tbe 
liunily.  Sometime*  there  wag  ■  Mtarfni 
(terrace),  wbicb  wm,  in  fine  waatbcr,  mocfa 
resorted  to. 

SS3.  Fig.  J36.  is  a  plan  of  the  house  of 
Pans!  at  Pompeii,  b;  reference  to  vhich  Iba 
reader  will  gain  ■  tolerable  notion  of  the 
situation  of  the  diSerent  apartments  whereof 
we  hare  been  speaking.  A  is  the  proth  jrum, 
3  B  B,  Tuscan  allium,  in  whose  cenlre  Is  (he  com- 
of  the  water  from  the  roof.  One  of  the  proportiaiu 
assigned  to  the  strium  by  VitrnTius  is,  that  the 
lenrlh  shall  be  onoe  and  a  half  the  breadth  i 
and  here  St  is  precisely  such,  c,  a  pedestal  or 
altar  of  the  bausehold  god.  C  C,  ala.  They 
were  on  three  udes  surrounded  by  seats,  and,  from 
Sir  W,  Gell's  account,  are  analogous  to  nmilar  re- 
cesses in  the  galleriei  of  Turkish  houses,  with  their 
diiana;  the  thresholds  were  mosaic  Vitrurius 
directs  them  to  be  two  serenthi  of  Che  length  >if  the 
atrium;  which  is  precisely  their  siie  here.  D,ta- 
blinum.  It  was  lepiiratcd  from  the  atrium  by  an 
•ulaum,  or  curtain,  like  ■  drop  scene.  Next  ibe 
inner  court  was  sometimes,  perhaps  generaUy,  a 
window,  occupying  the  whole  ude.    The  tablinum 

peristyle,  which,  in  this  example,  exactly  corre* 
tponds  with  the  proportions  directed  by  VitruTiua. 
F  F  F  F  were  domettic  apcrtments,  u  penaria, 
or  cubiculs,  or  eellie  donuatico.  O,  probably 
the  pinacotheca,  or  apartment  for  pictures.  H, 
fiiuoes,  or  passage  of  commumcation  between  the 
outer  and  inner  ditisions  of  the  house.  I.  oubi' 
culum.  Its  use  cannot  he  doubted,  as  it  contains  ■ 
bedstead,  filling  up  the  whole  width  of  the  fiirther 
end  of  it.  K,  triclinium,  raised  two  steps  from  tha 
peristyle,  and  separated  from  the  garden  by  a  large 
window,  In  this  room  company  wu  receired. 
and  chairs  placed  for  their  accommodation.  L  L  L, 
eiedrss.  M  M  M,  cells  bmiliariK,  orbnuly  diam- 
bers  :  the  further  one  had  a  window  looking  into 
a  court  at  d.  N,  tararium  or  annarium,  a  recep- 
tacle for  the  more  revered  and  bvourite  goda. 
O.  kitchen  with  sto*es  therein,  and  opening  into  ■ 
oourt  at  e,  and  an  inner  room  P,  in  wbicb  wei« 
dwarf  walls  to  deposit  ml  jars.  Q,  &ucei  con- 
ducting to  the  garden.  Along  the  beck  Iront, 
R  R  R  II,  is  a  portioo  or  porgula,  for  training 
Tines  and  creepers  on  the  hack  firont  of  tha 
bouse,  before  the  windows  of  the  triclimum.  8  8 : 
these  two  rooms,  opening  into  the  pergula,  were, 
it  is  presumed,  cubicula.  T  T,  &c. :  the  apartmeDta 
jV  thus  marked  seem  to  h«>e  oonstituted  a  distinct 
portion  of  the  house,  and  communicated  with  the 
street  by  a  separate  door.     Hut  tbey  were  in- 
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eluded  in  the  citabliihment  of  Fuua  leemt  certain,  from  theit  being  conaected  vith  tbt 
peristjls  b*  Ibe  large  aparUnent  U.  On  cx<»Tating  here,  Tout  ikeletoiu  of  female* 
wen  fbuad  marked  bj  tbeir  gold  ear-riogs ;  slw  a  candelabrum,  two  laaea,  a  fine 
marble  head  of  a  &in,  gold  bracelets,  rings  with  engraved  atonea,  &c.  &o.  V  V  V  are 
■bop*,  whicb  appear,  bj  tbe  remains  of  stureases,  to  luve  bod  apartments  above.  Thej 
contain  dirarf  walls  for  ranging  oil  jan  and  otber  gcxfds  against.  W  W,  Ac  are  dit 
faitnt  shops.  One  is  of  a  baker,  and  to  it  tbe  necesHry  conveniences  are  appended.  X  X. 
apinheca  or  store-rooms.  Y  is  the  bakebouae,  containing  the  oven  Z,  tbe  mills,  a 
kneading  trongli,  Ac. :  it  is  paved  witb  volcuiic  stone  in  irregular  polygons,  g  g,  place  br 
tbe  wood  and  charcoal,  h  appean  to  have  been  almost  a  distinct  dwelling  :  two  of  tbe 
apartments  had  windows  to  the  street,  which  runs  aouthvard  to  the  forum,  f  f  f,  entranoei 
Erom  tbe  street  to  the  house  of  Pansa.  The  bouse  was  surrounded  by  streets,  or,  in  otber 
words,  was  an  insula.  We  have  thus  named  the  prinnpal  apartments,  and  identified  them 
by  an  eiaraple.  In  more  magniflceni  houses  there  were  the  sacrarium,  the  venereum,  the 
sphsnisterium,  the  aleatorium,  &c,  &e.  The  painting  fy.  137.  is  in  the  kitchen  of  Ibe 
house  at  Pansa,  and  represents  the  worship  of  tbe  lares,  under  whose  care  and  protection  the 
pntvisiont  and  cooking  utcnnis  were  placed. 


354.  Tbaitif. — The  Romans  were  rather  giventomagniBcencc  in  the  tombs  erected  for  their 
dead.  Some  of  these  were  public,  and  others  Ibr  the  intcnnent  of  individuals  or  bmilie*. 
Tbe  former  were  often  of  vast  extent,  and  have  been  compared  to  subterranean  cities  ;  the 
others  were  pyramids,  conical  and  cylindrical  towers,  with  ranges  of  vaults  in  them  for 
sepulture. 

iSS.  Perhaps  tbe  earliest  tomb  at  Rome  is  that  of  the  Horatii,  which  stands  on  the  Ap. 
|uan  Way,  and  was  probably  constructed  by  Etruscan  workmen.  It  has  a  basement  45  ft. 
square  on  the  plan,  on  which  stand  five  masses  of  rubble  or  earth,  faced  witb  nuaonry, 
in  the  fcrm  of  firusta  of  eonfs,  finir  of  which  are  ten  feet  diameter  at  the  bottom,  and  are 
placed  at  tbe  four  angles  of  the  basement.  The  fifth  stands  in  the  centre  of  the  whole 
mass  and  is  larger  than  the  others. 

256,  The  principal  tombs  about  Rome  arc,  ) .  The  pyramid  of  Caius  Cestius,  whose  sides 
are  102  11,  long,  and  its  height  about  the  same  number  of  feet.  The  interior  contains  in 
ttie  centre  a  rectangular  cell,  20  ft.  long,  and  1 3  ft.  broad.  At  each  external  angle  of  this 
pyramid  stands  a  Doric  column,  without  any  portion  of  entablature  over  it.  It  is 
poMible  these  were  intended  as  ornaments,  though  it  has  oflen  puiiled  us  to  find  out  how 
they  ever  could  have  been  so  thought.  3.  Thetomb  of  Adrian,  now  convertedinto  the  Caitel 
St-Angelo,  had  originally  a  square  basement,  whose  sides  were  170  ft.  long.  From  this 
substructure  rose  a  cylindrical  tower,  1 15  A.  diameter,  probably  at  one  time  encircled  by  a 
colonnade.  It  ii  now  used  as  a  fortress,  and  was  considerably  altered  by  Pope  Paul  III. 
a.  Tbe  mausoleum  of  Cecilia  Metella  is  a  circular  building,  90  ft.  in  diameter,  and  62  ft 
higfa.  standing  on  a  basement  of  the  same  form.  Up  to  the  fiieie  the  tomb  is  of  Tra- 
vertine stone,  but  tbe  friese  itself  is  of  marble,  with  sculptured  rams'  beads  and  garlands. 
Ib  what  may  be  called  the  core  is  a  cell,  19  tt  diameter,  to  which  there  is  an  entrance  by 
a  passage  on  the  exterior. 

X57.    We  do  not,  however,  think  it  neceasary  further  to  detail  the  Roman  tombs  which 

may  ba  fimnd  in  Rome  or  the  provinces,  but,  in  lieu  of  extending  our  description  on  this 
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»  give  Ihe  reader  a  notion  ot  their  Ibniu  in  fig.  I3FI.  by  a  group  froin  Pompeii, 
among  the  reiiHuns  of  which 
city  there  are  •  great  many 
and  lariouieiamplet.  They 
are  in  general  oT  small  dimen- 
lioni,  and  stand  *o  near  one 
another  M  to  form  a  etreet, 
called  the  Street  of  the 
Tomln.  Some  of  these  are 
-    decorated  very  highly,  both 


.'^  arohitvcture  and  baisi  relieii 
'■  on  the  diflerent  &eei.  The 
'  Romans  were  particular  in 
^  keeping  alive  the  mentoiy 
k  of  the  dead,  heiKe  their 
Dnilantly  looked 


ttomUw, 
S  "ftet  an. 


ch,  in  this . 


think  of,  after  dividing  the 

2M.  Character  of  Aanan  Ardiilrcturt — The  character  of  the  Roman  architecslun  in  iti 
belt  period  wai  neceesarily  very  dillferent  ftom  the  Grecian,  on  which  it  wai  founded.  We 
envy  not  those  who  lay  that  they  frel  no  beautin  eicept  tho»  which  the  pure  Grecian 
Doric  of  the  Parthenon  pouessea.  Each  Myle,  in  every  division  of  arcliilccture,  hu  its 
beauties ;  and  those,  amonv  other  causes,  arise  trom  each  style  being  suited  to  the  country 
in  whiob  it  was  reared ;  neither  can  we  loo  often  repeat  the  answer  which  Qualremere  de 
Quincy  pves  in  the  Encydoptdit  Ud/iodigm  to  the  question  many  years  since  propounded  by 
the  French  Academy  of  Inscriptions  and  Belles  Lettres,  "  Whether  the  Creeks  borrowed 
their  architecture  from  the  Egyptians  ?"  The  answer  of  that  highly  talealed  writer  is. 
■*  That  there  is  no  such  thing  as  general  human  architecture,  because  the  wants  of  mankind 
must  vary  in  different  countries.      The  only  one  in  which  the  different  species  of  archU 

whose  effects  are  produced  by  the  building  art  can  work  u]ion  the  mind  of  every  man,  at 
every  Gauntry.  Some  of  them  result  from  every  species  of  architecture,  —  an  art  which 
sprung,  as  well  from  the  huts  of  Greece,  as  from  the  subterraneous  eieavalions  of  Egypt, 
from  the  tents  of  Asia,  and  from  several  mixed  principles  to  us  unknown.  Thus  the  use  of 
the  word  architecture  is  Improper.  We  ought  to  name  the  species  ;  for  between  the  idea  of 
architecture  as  a  genus  and  as  a  species  there  is  the  same  difference  as  between  language 
and  tongue  ;  and  to  seek  fur  a  simple  origin  of  architecture  is  as  absurd  as  a  search  would 
be  after  the  primitive  language.  If  so,  the  hut  of  Vitruviiis  would  be  but  an  ingenious 
fable,  OS  some  have  said ;  but  it  would  be  a  ridiculous  ialsehood  if  he  had  pretended  that  it 
was  the  type  of  all  architecture."  If  we  must  confine  ourselves  to  the  simplicity  and 
purity  of  line  which  the  Greek  temple  exhibits, — circumstances,  be  it  obserred,  that  no  future 
occasion  can  ever  again  eflcctually  call  np, — all  the  admiration  of  the  numlierleaa  monu- 
ments of  the  Romans  is  based  upon  false  data,  an 
to  set  ourselves  up  agunst  the  universal  consent 
aary  to  observe  on  the  silly  rags  which  a  few  years  ago  eiisted  for  setting  up  in  this 
metropolis  pure  Greek  Doric  porticoes  and  pure  Greek  profiles.  What  could  more 
exhibit  the  poverty  of  an  artist's  imagination,  for  instance,  if  thetbing  exist,  than  appending 
to  a  theatre  (he  Doric  portico  of  a  temple  ?  But  the  thing  is  loo  ridiculous  to  dwell  on, 
and  we  proceed  to  our  purpose.  Wliether  the  Romans  invented  the  Tuscan  order  we  much 
doubt.  No  example  of  it  exists  similar  in  formation  to  that  described  by  Titruvius :  it 
must,  howcret,  be  admitted  that  it  is  a  beautiful  combination  oT  parts,  and  worthy  so  great 
a  people.  It  seenu  highly  probable  that  this  order  was  used  by  the  Etruscans,  and  thai  la 
them  its  origin  is  attributable.  The  use  of  timber  in  the  entablature,  which  we  know  was 
practised  by  them  to  a  great  extent,  seems  to  sanction  such  an  hypothesis.  Its  detail,  as 
well  as  that  of  the  other  orders  of  aiehite«ture,  belong  to  another  part  of  this  work  ;  we 
shall  not  therefore  further  speak  of  it  than  in  the  language  of  Sir  Henry  Wotlon,  who 
says,  with  his  usual  quaintness  and  umplicity,  that  it  is  a  sturdy  labourer  in  homely 
apparel. 

259.  Tlie  Doric  order  with  the  Romans  was  evidently  not  a  favourite,  In  their  hands 
its  character  was  much  changed.  The  remains  of  it  in  the  theatre  of  Maieellus,  in  the 
examples  at  Cora  and  Pompeii,  and  tho  fragment  at  the  iMths  of  Dioclesian,  are  not  sufRcient, 
the  case  of  the  first  only  excepted,  to  justil^  us  in  detwning  the  reader  on  the  maUer.    The 
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lower  order  of  the  Coliseum,  be  it  observed,  wftnts  tbe  triglyph,  the  distinguishing  feature 
of  the  order ;  so  that  although  in  a  previous  page  we  have  described  it  as  Doric,  we 
aearoelj  know  whether  we  have  not  erred  in  our  description.  But  to  approach  the  subject 
of  tbe  Roman  Doric  more  closely,  we  will  examine  the  general  form  of  the  example  which 
the  theatre  of  Maroellus  affords.  Therein  the  whole  height  of  tbe  order  is  31*15  ft. 
whereof  the  entablature  is  rather  more  than  one  fifth,  and  the  columns  are  7*86  diameters 
high.  From  the  interoolumniations  nothing  can  be  deduced,  because  the  arcade  which 
separates  puts  them  out  of  comparison  with  other  examples.  Its  profile  is  clearjy  that 
whidi  has  formed  the  basis  upon  which  the  Doric  of  tbe  Italian  architects  is  founded  ;  they 
have,  however,  generally  added  a  base  to  iL  There  is  great  difference  between  it  and  the 
Grecian  Doric,  which  in  its  form  is  much  more  pyramidal,  and  would,  even  in  ancien^ 
Rome,  have  been  out  of  character  with  the  decorations  applied  in  the  architecture  of  the 
city,  in  which  all  severity  of  form  was  abandoned.  The  details,  however,  of  the  Roman  as 
well  as  of  the  Grecian  Doric  will  be  given,  and,  ftom  the  representations,  better  understood 
by  the  reader,  when  we  come  to  treat  of  the  Orders  in  the  third  book  of  this  work,  where 
some  varieties  of  it  are  submitted  to  tlie  reader. 

260.  In  the  examples  of  Roman  Ionic,  that  of  the  theatre  of  Marcellus  excepted,  therti  is 
a  much  greater  inferiority  than  in  the  instance  of  Ron^^n  Dorip  to  which  we  have  just 
alluded ;  indeed,  that  of  the  Temple  of  Concord  is  composed  in  so  debased  a  style,  that  ijt 
ought  scarcely  to  be  alluded  to.  The  following  table  exhibits  the  general  proportions  of 
the  four  Roman  profiles  of  it :  — 


Height  di- 
vided    by 
lower  Dia- 
meter in  En- 
glish Feet 

Dia- 
meters in 
Height. 

Entabla- 
ture   in 
Terms  of 
the  Dia- 
meter. 

Inter- 
colum- 
niation. 

Height  of 
Capital  in 
Terms  of 
the  Dia- 
meter. 

-netc  r  of 
Shaft. 

Fortuna  Virilis  (Temple  oO    - 
Coooord  (Temple  of) 
Marcellus  (Theatre  oQ 
Coliseum         -                -         - 

rio9 

»3fl40     ^ 

r9i 

8-796 
9-554 
9-O0O 
8-842 

2182 
1-605 
2-391 
2-280 

2125 
1-807 

-457 
-500 
•557 
•466 

•874 

•842 
-833 

261 .  From  the  above  it  appears  that,  except  in  the  case  of  the  Temple  of  Concord,  the 
entablature  is  about  one  fifth  of  the  height  of  the  whole  order,  and  that  the  column  diminishes 
about  ^  of  its  lower  diameter.  The  capitals  of  the  Roman  are  much  smaller  than  those 
of  the  Grecian  Ionic,  and  tbeir  curves  are  by  no  means  so  elegant  and  graceftil.  There  is 
no  appearance  of  refinement  and  care  in  their  composition,  than  which  the  rules  of  Vitruvius 
give  an  altogether  much  more  beautiftil  profile  than  those  examples  we  have  here  quoted 
present.  In  the  Temple  of  Concord,  the  volutes  are  placed  diagonally  on  the  capital,  so 
that  the  four  fiures  are  similar  in  form.  In  the  Greek  specimens,  as  also  in  the  Temple  of 
Fortuna  Virilis,  this  is  done  on  one  angle  only  of  the  capital  of  the  columns,  and  that  for 
the  purpose  of  again  bringing  the  fiu»es  c?  the  volutes  on  to  the  flanks  of  the  building,  instead 
of  showing  the  baluster  sides  of  the  capitals.  On  the  whole,  we  think  the  modern 
Italian  architects  succeeded  in  producing  much  more  beautiful  profiles  of  this  order,  which 
never  appears  to  have  been  a  favourite  in  Rome,  than  their  ancient  predecessors. 

262.  The  Corinthian  seems  to  have  been  greatly  preferred  to  the  other  orders  by  the 
luxurious  Romanp.  There  is  little  doubt  that  the  capitals  were  generally  the  work  of  Greek 
sculptors,  and  some  of  those  they  have  left  are  exceedingly  beautiful ;  one  that  we 
have  alrody  mentioned,  that  of  Jupiter  Stator,  points  to  sculpture  of  the  highest  class. 
The  following  table  contains  the  general  proportions  of  six  well-known  examples  in  Rome :  — 


Pkntheoo,  Portico 
Fsnthcon,  Interior 
Jupiter  Tooans 
Jupiter  Stator 
Fa^jade  of  Nero    - 
Arch  of  Constantine 


Height  dl- 
vided    by 
lower  Dia- 
meter in  En- 
glish Feet. 


Dia- 

meters  in 

Height. 


*tS3t. 

4      ~ 


lUB  = 


3'«4S 
41011 

4ft9B 
tTIfilfl 

4  841 
?>» 

CMS 
3JCSS3 

990t 


9-804 

9-499 

10-241 

9*820 

9-973 

9-661 


Entabla. 
ture   in 
Terms  of 
the  Dia- 
meter. 


2317 
2-251 
2^069 
2-534 
2-489 
2-388 


Inter- 
colmn- 
niation. 


2-092 
1-834 
1-558 
1-575 


Height  of 
Capital  in 
Terms  of 
the  Dia- 
meter. 


1-175 
1<X)0 

1-167 
1-08 
1*269 
1-095 


meter  of 
Shaft. 


•855 
•866 

•867 
•891 
*883 
•882 


263.   From  the  above,  it  appears  that  a  mean  of  the  whole  height  of  the  Corinthian 
order  in  the  Roman  examples  is  1 2166  diameters,  and  that  the  entablature  is  less  than  a  fifth 
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of  the  height  of  the  order,  being  as  '1686  :  1 OOOO.  The  diminution  of  the  shaft  is  not  so 
much  as  in  the  Ionic,  being  only  -(gj^  of  the  lower  diameter,  llie  Temple  of  the  Sybil  at 
TivoU  presents  quite  a  distinct  species,  and  is  the  romance  of  the  art,  if  we  may  be  allowed 
such  an  expression.  The  mean  height  of  the  columns  is  9*833  diameters,  being  rather 
slenderer  than  the  height  recommended  by  Vitruvius  (Lib.  iv.  c.  9.).  The  attic  base, 
which  will  be  considered  in  another  portion  of  the  work,  was  frequently  employed  by 
the  Roman  artists. 

264.  The  invention  of  the  Composite  order  is  attributed,  with  every  probability,  to  the 
Romans.  It  resembles  generally  the  Corinthian,  the  main  variation  consisting  in  tiie  part 
above  the  second  tier  of  leaves  in  the  capital.  The  following  table  exhibits  the  general 
proportions  of  three  examples :  — 


Example. 

Hoight  dlTidfd 
by  lower  Dia- 
meter in  English 
Feet. 

Dlame- 
ten  in 
Height. 

Entablature  in 

Terms  of  the 

Diameter. 

Heicht  of  Ca. 
pitu^ln  Terme 
of  the  Dia- 
meter. 

Dia. 

meter  at 
top  of 
Shaft. 

Arch  of  Titus     •        - 
Arch  of  Severus 
Baths  of  Dioclesian     - 

ts-ofii     _ 

•till       M 

'SB87 

tML«      __ 

46l»        ■■ 

10-662 

8*260 

10-495 

2*533 
2-316 
2-3 

1-287 
1-144 
1-181 

•887 
*882 
•802 

265.  The  mean  of  these  makes  the  entablature  a  little  less  than  one  fifth  of  the  entire 
height  of  the  order,  the  ratio  being  as  -1955  :  1*0000.  The  diminution  of  the  shaft  b 
•ffjlf  of  the  lower  diameters.  The  mean  height  of  the  columns  is  9*806  diameters.  A 
strongly  marked  feature  in  Roman  architecture  is  the  stylobate  or  pedestal  for  the 
reception  of  columns,  which  was  not  used  by  the  Greeks.  In  the  examples,  it  varies  in 
height,  but,  generally  speaking,  it  b  very  nearly  four  dbmeters  of  the  column ;  a  mean  of 
those  used  in  the  triumphal  arches  comes  out  at  3*86  diameters.  Another  diflference  from 
Greek  architecture  b  in  the  form  of  the  Roman  pilaster,  which  was  sometimes  so  strongly 
marked  as  to  form  a  sort  of  square  column  with  capitals  and  bases  similar  to  those  of  the 
columns  it  accompanies,  except  in  being  square  instead  of  circular  on  the  plan.  It  b  di- 
minished in  some  buildings,  as  in  the  portico  of  the  Pantheon,  and  in  that  of  Mars  Ultor, 
while  in  others,  no  such  diminution  takes  place.  Tlie  reader  will  recollect  that  the  Greek 
antae  were  never  diminbhed,  that  their  projection  was  always  yerj  small,  and  that  the  mould- 
ings of  their  capitab  were  totally  different  from  the  columns  with  which  they  are  connected. 

266.  But  the  most  wonderful  change  the  Romans  effected  in  architecture  was  by  the  in- 
troduction of  the  arch ;  a  change  which,  by  various  steps,  led,  through  the  basilica,  to  the 
construction  of  the  extraordinary  Gothic  cathedrals  of  Europe,  in  its  progress  opening 
beauties  in  the  art  of  which  the  Greeks  had  not  the  remotest  conception.  These  matters 
will  be  more  entered  into  in  the  next  section :  we  only  have  to  observe  here,  that  its  import- 
ant was  not  confined  to  the  passage  of  riveris  by  means  of  bridges,  but  that  it  enabled  the 
Romans  to  supply  in  the  greatest  abundance  to  their  cities  water  of  a  wholesome  quality, 
without  which  no  city  can  exist.  To  the  introduction,  moreover,  of  the  arch,  their 
triumphal  edifices  were  indebted  for  their  principal  beauties ;  and  without  it  their  theatres 
and  amphitheatres  would  have  lost  half  their  elegance  and  magnificence.  Whence  the  arch 
came  b  not  known.  In  the  section  on  Egyptian  architecture,  the  subject  has  already 
been  noticed.  We  are  not  aware  of  any  example  ornamentally  applied  before  the  time 
of  Alexander. 

267.  The  use  of  coupled  columns  and  niches  exhibits  other  varieties  in  which  the  Romans 
delighted;  but  the  fi>rmer  are  not  found  till  an  age  in  which  the  art  of  architecture  had 
begun  to  decline. 

268.  There  b  still  another  point  to  which  the  reader's  attention  must  be  directed,  and  it 
b  almost  a  sure  test  of  Roman  or  Greek  design ;  namely,  the  form  of  the  mouldings  of  an 
order  on  their  section.  In  purely  Greek  architecture,  the  contours  of  the  mouldings  are 
all  formed  firom  sections  of  the  cone,  whilst  in  that  of  the  Romans,  the  contours  are  all 
portions  of  circles. 

269.  Under  the  climate  of  Rome  it  became  necessary  to  raise  the  pitch  of  their  rools 
higher  than  was  necessary  in  Greece;  hence  the  Roman  pediment  was  more  inclined  to 
the  horizon.  As,  however,  we  shall,  in  another  place,  when  we  consider  the  practical  ft>rma^ 
tion  of  roofs  generally,  investigate  the  law  which,  forced  by  climate  upon  the  architect, 
governed  the  inclination  of  the  pediment,  the  reader,  for  further  information,  b  referred,  on 
that  point,  to  its  proper  place  in  thb  work  ;  namely,  that  wherein  the  subject  of  roo&  b 
treated  of. 
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BTSAMTINB  AKD   BOICAMBflQQB   ARCHITBCTURK. 

270.  We  propose  in  this  section  to  take  a  concise  view  of  the  state  of  debased  Roman 
architecture,  from  the  year  476,  in  which  the  Roman  empire  in  the  West  was  destroyed,  to 
the  introduction  of  the  pointed  arch  at  the  latter  end  of  the  18th  century.  It  will  be  ne- 
cessary to  premise  that  the  term  Romanesque  is  Tory  seneral,  and  comprises  the  works  of 
the  Lombards  as  well  as  those  of  a  later  species,  which  m  this  country  are  called  Saxon  and 
Norman,  for  the  character  of  all  is  the  same,  and  we  think  much  confusion  will  be  pre- 
vented by  the  arrangement  we  propose.  Between  the  fifth  and  the  eighth  centuries,  at 
the  beginning  of  which  latter  period  the  whole  of  Europe  formed  one  great  Gothic  kingdom, 
the  prospect  is  over  a  dreary  desert  in  which  the  oojef  of  our  art  are  few  and  for  between. 
The  constant  change  of  power,  the  division  of  the  empire,  which  was  so  overgrown  that  it 
could  no  longer  hang  together,  the  irruptions  of  the  Goths,  whose  name  has  been  most 
improperly  connected  with  all  that  is  barbarous  in  art,  make  it  no  easy  task  to  ffive  the  un- 
learned reader  more  than  a  foint  idea  of  what  occurred  in  the  extended  period  through 
which,  often  in  darkness,  we  must  proceed  to  feel  our  way.  But,  previous  to  this,  we  shall 
continue  the  state  of  the  architecture  in  the  East ;  because,  having  slready  given  some  account 
of  Saracenic  arohitecture,  which  had  its  origin  about  the  seventh  century,  we  shall  not 
again  have  to  divert  his  attention  fiv>m  the  subject  until  the  reader  is  introduced  to  the 
pointed  style :  an  arrangement  which,  we  trust,  will  assist  his  memory  in  this  history. 

971.  The  emperor  Tbeodonus,  who  died  a.  d.  395,  exhibited  great  talent  in  arms,  and 
was  desirous  to  extend  the  benefit  of  his  influence  to  the  arts,  in  which  be  did  much  for 
the  empire.  His  sons,  Arcadius  in  the  city  of  Constantinople,  and  Honorius  at  Rome, 
were  incapable  of  doing  them  any  service,  though  by  them  was  raised  the  fomous  Theodosisn 
column  at  the  first  named  city,  which  was  surrounded  with  bassi  relievi,  after  the  foshion 
of  that  erected  long  before  in  honour  of  IVi^an  at  Rome.  The  ascent  of  Theodosius  II. 
to  the  throne  promised  as  well  for  the  empire  as  for  the  arts.  He  called  architecture  to 
his  aid  for  embellishing  the  cities  of  the  empire.  Under  him,  in  4 13,  Constantinople  was  sur- 
rounded with  a  new  wall ;  some  extensive  baths,  and  a  magnificent  palace  for  the  two  risters 
of  Pulcheria  were  erected.  In  447,  an  earthquake  nearly  destroyed  the  city,  which  was  so 
admirably  restored  under  this  emperor  that  he  might  with  propriety  have  been  called  its 
second  founder.  Except  some  trifling  matters  under  Anastasius  II. ,  and  Justin  his  successor, 
little  was  done  till  Justinian,  the  nephew  of  the  last  named,  ascended  the  throne  of  the  East,  in 
527.  By  him  the  celebrated  architect  Anthemius  was  invited  to  Constantinople.  Through 
the  genius  of  this  artist,  uded  by  his  colleague  laddore  the  Milesian,  on  the  ruins  of  the 
principal  church  of  the  city,  which,  dedicated  to  Saint  Sophia  or  the  Eternal  Wisdom,  had 
been  twice  destroyed  by  fire,  was  raised  so  splendid  an  edifice,  that  Justinian  b  said  on  its 
completion  to  have  exclaimed,  as  Gibbon  observes,  **  with  devout  vanity : "  "  Glory  be  to  God, 
who  hath  thought  me  worthy  to  accomplish  so  great  a  work.  I  have  vanquished  thee^  O 
Solomon.**  We  shall  make  no  apology  for  giving  the  description  in  the  words  of  the 
historian  we  have  just  quoted;  a  representation  of  the  building  being  appended  in  Jlg$. 
139.  and  140.   **  But  the  pride  of  the  Roman  Solomon,  before  twenty  years  had  elapsed,  was 

humbled  by  an  earthquake,  which  overthrew  the 
eastern  part  of  the  dome.  Its  splendour  was  restored 
by  the  perseverance  of  the  same  prince ;  and  in  the 
thirty-sixth  year  of  his  reign,  Justinian  celebrated 
the  second  dedication  of  a  temple,  which  remains, 
after  twelve  centuries,  a  stately  monument  of  his 
fiune.  The  architecture  of  St  Sophia,  which  is  now 
converted  into  the  principal  mosque,  has  been  imi- 
tated by  the  Turkish  sultans,  and  that  venerable 
pile  continues  to  excite  the  fond  admiration  of  the 
Greeks,  and  the  more  rational  curiosity  of  European 
travellers.  The  eye  of  the  spectator  is  dissppointed 
by  an  irregular  prospect  of  half  domes  and  shelving 
roofo :  the  western  firont,  the  principsl  approach,  is 
destitute  of  simplicity  and  magnificence ;  and  the 
scale  of  dimensions  has  been  much  surpassed  by 
several  of  the  Latin  cathedrals.  But  the  architect 
who  first  erected  an  dirial  cupola  is  entitled  to  the 
praise  of  bold  design  and  skilful  execution.  The 
r^  us.     p.^  or  C..IICI.  «r  «.  »»,A.         dome  of  St  Sophil^  illuminated  by  four  and  twenty 

windows,  IS  formed  with  so  small  a  curve,  that  the 
depth  is  equal  to  only  one  sixth  of  its  diameter ;  the  measure  of  that  diameter  is  1 15  ft.. 
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Mnd  tlie  lofty  ci'ntre,  wbere  h  crescoM  hni  aupplaiilcd  the  cruss,  r'aa  to  the  perp»>Hlicu)u- 
lieight  of  IHO  ft.  »boyc  the  pmEraenl,  The  circle  which  cncompauei  the  dome  lightly 
repoiei  on  four  strong  arehei,  and  their  weight  is  firmly  supported  by  four  massy  piles  " 
(piers),  "whiMe  attenglh  is  assisted  on  the  northern  and  southern  sides  by  four  columns  of 
Egy|>tisn  granite,  A  Greek  cross  inscribed  in  a  quadrangle  represents  tlie  form  of  the 
edifice  I  the  eiact  breadth  is  S43  II.,  and  369  may  he  asugn^  for  the  eitreme  length  from 
(he  sanctuary  In  the  east,  to  the  nine  western  doors  which  open  into  the  vestibule,  and  from 
llwnce  into  the  nartlux  or  exterior  portico.  That  portico  wu  the  humble  station  of  the 
[wnitenti.  The  nave  or  body  of  the  church  w»s  filled  by  the  congregation  of  the  bithfiil ; 
but  the  two  seiea  were  prudently  distinguished,  and  the  upper  and  lower  galleries  were 
allotted  for  the  more  private  deiolion  of  the  women.  Beyond  the  noiihem  and  southern 
pile*  "  (piers),  "  a  balustrade,  terminated  on  either  side  by  the  thrones  of  the  emperor  and 
the  palriareb,  divided  the  naie  from  the  choir  j  and  the  space,  as  far  as  the  steps  of  the 
altar,  was  occupied  by  the  clergy  and  singers.  The  altar  itself,  a  name  which  insenaibly 
became  familiar  to  Christian  ears,  was  placed  in  the  eastern  recess,  artificially  built  in  the 
form  of  a  demi-cylindcr,  and  this  sanctuary  communicated  by  several  doors  with  the 
•acri&ty,  the  vestry,  the  baptistery,  and  the  contiguous  buildings,  subservient  either  to  the 
pomp  ot  worship  or  the  private  use  of  the  ecclesiastical  ministers."  We  should  be  fearful 
of  thus  continuing  the  quotation,  but  that  we  prefer  the  language  of  Gibbon  to  our  own  ; 
beyond  which,  the  practical  knowledge  the  rest  of  the  description  discloses  is  not  unworthy 
the  scientilic  architect,  and  the  subject  is  the  type  of  the  great  modern  cathedrals,  that  of 
St.  Paul,  in  London,  among  the  rest.  "  The  memory,"  he  continues,  "of  past  calamities  in- 
spired Justinian  with  a  wise  resolution,  that  no  wood,  except  for  the  doors,  should  be  admitted 
into  the  new  edifice ;  and  the  choice  of  the  materials  was  applied  to  the  strength,  the  liglit- 
iiess,  or  the  splendour  oF  the  respective  parts.  The  solid  piles  "  (piers)  "  which  sustained 
the  cupola  were  composed  of  huge  blocks  of  freestone,  beim  into  squares  and  triangles, 
fortified  by  circles  of  iron,  and  firmly  cemented  by  the  infusion  of  lead  and  quicklime; 
but  the  weight  of  [he  cupola  was  diminished  by  the  levity  of  its  substance,  which  eounsts 
cither  of  pumice-stone  that  floats  in  the  water,  or  of  bricks  frotn  the  Isle  of  Rhodes,  live 
times  less  ponderous  than  the  ordinary  sort  The  whole  frame  of  the  edifice  was  coo- 
structed  of  brick  ;  but  those  base  materials  were  concealed  by  a  crust  of  marble ;  and  the 
inside  of  St.  Sophia,  the  cupola,  the  two  larger  and  the  sii  smaller  semi-domes,  the  walls, 
the  hundred  colutnns,  and  the  pavement,  delight  even  the  eyes  of  barbarians  with  a  rich 
and  variegated  picture."  Various  presents  of  marbles  and  mosaics,  amongst  which  latter 
were  seen  represenUtiona  of  Christ,  the  Virgin,  and  saints,  added  to  the  magnificence  of  the 
edifice,  and  the  precious  metals  in  their  purity  imparled  splendour  (o  tbe  scene.  Before 
the  building  was  four  feet  out  of  the  ground  its  cost  had  amounted  to  a  sum  eijuivalent  to 
200,000'.  sterling,  and  the  total  cost  of  it  when  finished  may,  at  the  lowest  computation,  be 
reckoned  as  exceeding  one  million.     In  Constantinople  alone,  the  emperor  dedicated  twenty- 
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five  churehes  to  Oirist,  the  Virgin,  and  favourite  saints.  Thtise  were  highly  decorated,  and 
impoeuig  situations  were  found  for  them.  That  of  the  Holy  Apostles  at  Constantinople, 
and  of  St  John  at  Ephesus,  appear  to  have  had  the  ehureh  of  St.  Sophia  for  their  types; 
but  in  them  the  altar  was  placed  under  the  centre  of  the  dome,  at  the  junction  of  four 
porticoes,  expressing  the  figure  of  the  cross.  '*  The  pious  munificence  of  the  emperor  was 
diffused  over  the  Holy  Land ;  and  if  reaiwn,'*  says  Gibbon,  **  should  condemn  the  monas- 
teries  of  both  sexes,  which  were  built  or  restored  by  Justinian,  yet  charity  must  applaud 
the  wells  which  he  sank,  and  the  hospitals  which  he  founded,  for  the  relief  of  the  weary 
pilgrims.**  **  Almost  every  saint  in  the  calendar  acquired  the  honour  of  a  temple ;  almost 
every  city  of  the  empire  obtained  the  solid  advantages  of  bridges,  hospitals,  and  aqueducts  ; 
but  the  severe  liberality  of  the  monarch  disdained  to  indulge  his  subjects  in  the  popular 
luxury  of  baths  and  theatres."  He  restored  the  Byzantine  palace;  but  selfishness,  as  re- 
spected his  own  comfort,  could  not  be  lud  to  his  charge :  witness  the  costly  palace  he  erected 
for  the  infiunous  Theodora,  and  the  munificent  gi&,  equal  to  180,000/.  sterling,  which 
he  bestowed  upon  Antioch  for  its  restoration  after  an  earthquake.  His  care  was  not 
limited  to  the  peaceful  ei\joyment  of  life  by  the  empire  over  which  he  presided;  for  the  forti- 
fications of  Europe  and  Asia  were  multiplied  by  Justinian  from  Belgrade  to  the  Euxine, 
from  the  conflux  of  the  Save  to  the  mouth  of  the  Danube ;  a  chain  of  above  fourscore  forti- 
fied places  was  extended  along  the  banks  of  the  great  river,  and  many  military  stations  ap- 
peared to  extend  beyond  the  Danube,  the  pride  of  the  Roman  name.  We  might  consider- 
ably extend  the  catalogue  of  the  extraordinary  works  of  Justinian ;  but  our  object  is  a 
general  view,  not  a  history  of  the  works  of  this  extraordinary  person,  of  whom,  applying  the 
verses  architecturally,  it  might  truly  be  said  — 

Si  Pergana  dextra 
Defend]  pof tent :  etiam  bac  defenia  fulstent  { — 

and  by  whom,  if  architecture  could  again  have  been  restored,  such  a  consummation  would 
have  been  accomplished. 

572.  In  $65  Justin  succeeded  to  the  throne  of  the  East,  after  whose  reign  nothing  oc- 
curs to  prevent  our  proceeding  to  the  Western  part  of  the  empire,  except  the  notice  neces- 
sary  to  be  taken  of  I^eo  the  Isaurian,  who  ordered  the  statues  in  the  different  churches  to 
be  broken  in  pieces,  and  the  paintings  which  decorated  them  to  be  destroyed.  Under  him 
Ravenna  was  left  to  the  Eastern  empire,  and  under  his  predecessors  Maliomet  appeared ; 
and  in  his  successors  originated  the  Saracenic  architecture  described  in  a  previous  section. 
It  was  under  Justin,  in  571,  that  the  prophet,  as  he  is  called,  was  born,  and  was  in  632 
succeeded  by  Abubekr. 

573.  We  now  return  to  the  empire  in  the  West,  whose  ruin,  in  476,  drew  after  it  that  of 
the  arts,  which  had  grievously  degenerated  since  the  fourth  century,  at  which  period  their 
tUeadenet  was  strongly  mark^.  But  we  must  digress  a  little  by  supplying  a  chasm  in  the 
history  of  our  art  relative  to  the  ancient  Tiasilics  of  Rome,  the  undoubted  types  of  the 
comparatively  modem  cathedrals  of  Europe ;  and  within  the  city  of  Rome  we  shall  find 
ample  materials  for  tracing  the  origin  whereof  we  speak. 

274.  The  severe  laws  against  the  Christians  which  Severus  had  passed  expired  with  his 
authority,  and  the  persecuted  race,  between  a.  d.  21 1  and  249,  ei^oyed  a  calm,  during  which 
they  had  been  permitted  to  erect  and  consecrate  convenient  edifices  for  the  purposes  of  re- 
ligious worship,  and  to  purchase  lands  even  at  Rome  for  the  use  of  the  community.  Under 
IXoclesian,  however,  in  many  places  the  churches  were  demolished,  though  in  some  situations 
they  were  only  shut  up.  This  emperor,  as  if  desirous  of  committing  to  other  hands  the 
work  of  persecution  he  had  planned  by  his  edicts,  no  sooner  published  them,  than  he  divested 
himself,  by  abdication,  of  the  imperial  purple. 

275.  Under  Constantine,  in  the  beginning  of  the  fourth  century,  the  Christians  began 
again  to  breathe  ;  and  though  that  emperor's  religion,  even  to  the  period  of  his  death,  is  in- 
volved in  some  doubt,  it  is  certain  that  his  opinion,  as  far  as  we  can  judge  from  his  acts, 
was  much  inclined  towards  Christianity..  Out  of  the  seven  principal  churches,  or  basilicae, 
of  Rome,  namely,  Sta.  Crocc  di  Gierusalemroe,  'S.  Giovanni  Laterano,  S.  Lorenzo  fuori  le 
MuTJ^  S.  Paolo,  &  Pietro,  S.  Sebastiano,  and  Sta.  Maria  Maggiore,  all  but  the  last  werfe 
founded  by  Constantine  himself  The  ancient  basilica,  which  derived  its  name  from 
0aa'iXafS  (a  king),  and  oucos  (a  house )»  was  that  part  of  the  palace  wherein  justice  was 
■dnninistered  to  the  people.  The  building  for  this  purpose  retained  its  name  long  after 
the  extinction  of  the  kingly  office,  and  was  in  use  with  the  Romans  as  well  as  the  Grecians. 
Vitrurius  does  not,  however,  give  us  any  specific  difference  between  those  erected  by  one 
or  the  other  of  those  people.  In  lib.  v.  c.  1.  he  gives  us  the  details  of  its  form  and  ar- 
rangement, for  which  the  reader  is  referred  to  his  work.  The  name  of  basilica  was  after- 
wards transferred  to  the  first  buildings  for  Christian  worship ;  not  because,  as  some  have 
supposed,  the  first  Christian  emperors  used  the  ancient  basiliciD  for  the  celebration  of  their 
religious  rites,  but  more  probably  with  reference  to  the  idea  of  sovereignty  which  the  reli- 
gion exercised,  though  we  do  not  assert  that  such  conclusion  is  to  be  necessarily  drawn. 
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Then  cui  be  na  doubt  that  the  moat  aneienl  Chrudan  builieie  vere 
for  the  purpoee  of  rriinon,  and  their  arcbitectuial  detail*  ctearlj  point  to  tbt  epoch  in 
vhioh  tlwT  were  erectef  Theae  oev  templet  of  religion  borrowed,  neverthelex,  aa  well  in 
their  whole  u  in  their  detaila,  n  much  &om  the  uicient  baalicK,  that  il  is  not  nirpriung 
tbcj  •bouldhava  retained  their  name.     We  here  place  beli>ra  the  reader  (Jig.  141.)  apUnuf 


ntba>irM»orS.PaolofuarileMurj,  and  (/I/.  t4S.)iiaiaU!i 


ta  general  efToot  m 


ij  be  better  underftood.     The  Utter  ifaowa  bow  admirably  il  va*  adapted 

^ .  .  ui  eitremelj  nuineroua  congregation.     The  numberlea  oolumna  which 

the  ancient  buildingi  readilT  gupplied  were  put  in  requiiitian  tor  cooitructing  thcae  baiilic^ 
whereaT,  adopting  the  boiliUngm  of  the  ume  name  ai  the  type,  thcf  proportioned  the  clera. 
tionto  IbeeitenI  of  the  plan*,  and,  in  aomc  caiei,  deeorated  them  with  the  richeit  omamenta. 
Inatead  of  alwayi  connecting  the  columns  together  by  architraTci  on  their  summit,  which  might 
not  be  at  hand,  arches  were  spanned  Irom  one  to  the  other,  on  which  waUi  were  carried  up 
to  bear  the  roofing'  Though  the  practice  of  vaulting  large  areas  did  not  appear  till  a  con- 
siderable time  after  the  building  of  the  tint  Chnatlan  basilica,  it  must  be  recollected  that 
the  Temple  of  Peace  at  Rome  had  preriously  exhibited  a  specimen  of  the  profound  know- 
ledge of  the  Romans  in  the  practice  of  vaulting :  in  that  example,  groined  vaults  of  very 
large  dimcnnoDa  were  borne  on  entablatures  andcolumna.      Nor  does  this  knowledge  appear 

..  . L--_  I— .  -_  almost  the  last  stajn  of  decline  of  Roman  architecture  under  the  emperor 

It  only  groined  vaults  in  three 
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wiiose  fpan  is  nemrlj  70 ft.,  but  at  the  back  of  each  springer  a  buttress,  precisely 
of  the  nature  of  a  fijing  buttress,  is  contrived  to  counteract  the  thrusts  of  the  vaulting. 

876.  In  recording  the  annihilation  of  the  arts  on  the  invasion  of  Odoaoer,  at  the  end  of 
the  fifth  and  during  the  course  of  the  sixth  century,  historians  have  imputed  it  to  the 
Gothic  nations,  qualifying  by  this  name  the  barbarous  style  which  then  degraded  the  pro- 
ductions of  the  arts.  Correct  they  are  as  to  the  epoch  of  their  ruin,  which  coincided  truly 
enough  with  the  empire  of  the  Goths ;  but  to  this  nation  they  are  ui^ust  in  attributing  the 
introduction  <ff  a  barbarous  style. 

277.  History  informs  us,  that  as  soon  as  the  princes  of  the  Goths  and  Ostrogoths  had  fixed 
themselves  in  Italy,  they  displayed  the  greatest  anxiety  to  make  the  arts  again  flourish,  and 
but  for  a  number  of  adverse  circumstances  they  would  have  succeeded.  Indeed,  the  people 
whom  the  Romans  designated  as  barbarous,  were  inhabitants  of  the  countries  to  the  north 
and  east  ot  Italy,  who  actually  acquired  that  dominion  and  power  which  the  others  lost. 
Instructed  at  first  by  their  defeats,  they  ultimately  acquired  the  arts  of  those  who  orieinally 
eooquered  them.  Thus  the  Gauls,  the  Germans,  the  Pannonians,  and  Illyrians,  had^ft'om 
their  submissiixi  to  the  Roman  people,  acquired  quite  as  great  a  love  finr  the  arte  as  the 
Romans  themselves.  For  instance,  at  Nismes,  the  birthplace  of  Antoninus  Pius,  the  arts 
were  in  a  state  of  high  cultivation ;  in  short,  there  were  schools  as  good  out  of  as  in  Italy 
itself. 

278.  Odoacer,  son  of  Edicon,  the  chief  of  a  Gothic  tribe,  after  obtaining  possession  of 
Rome  in  476,  preserved  Italy  from  invasion  for  six  years ;  and  there  is  litUe  doubt  that  one 
of  his  objects  was  the  preservation  of  the  arts.  He'vnts,  however,  stabbed  by  the  hand,  or 
at  least  the  command,  of  his  rival  and  successor,  Theodoric,  in  493.  Theodoric,  the  son 
of  Theodemir,  had  been  educated  at  Constantinople,  and  though  personally  he  neglected 
the  cultivation  of  science  and  art,  he  was  very  far  from  insensible  to  the  advantages  they 
conferred  on  a  country.  From  the  Alps  to  the  extremity  of  Calabria,  the  right  of  conquest 
had  placed  Theodoric  on  the  throne.  As  respecto  what  he  did  for  the  arts,  no  better  record 
of  his  fiune  could  exist  than  the  volume  of  public  EpisUes  composed  by  Cassiodorus,  in  the 
royal  name.  **  The  reputation  of  Tlieodorie,**  says  Gibbon,  **  may  repose  with  confidence  on 
the  visible  peace  and  prosperity  of  a  reign  of  thirty-three  years ;  the  unanimous  esteem  of  his 
own  times,  and  the  memory  of  his  wisdom  and  c«iurage,  his  justice  and  humanity,  which  was 
deeply  impressed  on  the  minds  of  the  Goths  and  Italians."  The  residence  of  Theodoric  was 
at  Ravenna  chiefly,  occasionally  at  Verona ;  but  in  the  seventh  year  of  his  reign  he  visited  the 
capital  of  the  Old  World,  where,  during  a  residence  of  six  months,  he  proved  that  one  at 
least  of  the  Gothic  kings  was  anxious  to  preserve  the  monuments  of  the  nations  he  had 
subdued.  Royal  edicto  were  framed  to  prevent  the  abuses,  neglect,  or  depredations  of  the 
eitixens  upoo  works  of  art ;  and  an  architect,  the  annual  sum  of  two  hundred  pounds  of 
gold,  twoity-five  thousand  tiles,  and  the  receipt  of  customs  from  the  Lucrine  port,  were 
asngned  for  the  ordinary  repairs  of  the  public  buildings.  Similar  care  was  bestowed  on 
the  works  of  sculpture.  Bendes  the  capitals,  Pavia,  Spoleto,  Naples,  and  the  rest  of  the 
Italian  cities,  acquired  under  his  reign  the  useful  or  splendid  decorations  of  churches, 
aqueducts,  baths,  porticoes,  and  palaces.  His  architects  were  Aloyrius  for  Rome,  and 
I>sniel  for  Ravoma,  his  instructions  to  whom  manifest  his  care  for  the  art ;  and  under  him 
Casaiodorus,  for  fifty-seven  years  minister  of  the  Ostrogoth  kings,  was  for  a  long  period 
the  tutelary  genius  of  the  arts.  The  death  of  Theodoric  occurred  in  526 ;  his  mausoleum 
b  still  in  existence  at  Ravenna,  being  now  called  Sta.  Maria  della  Rotunda.  That  city 
contains  also  the  church  of  St  Apollinaris,  which  shows  that  at  this  period  very  little,  if 
any,  change  had  been  made  in  the  arrangement  of  large  churches  on  the  plan  of  the  basilica. 
The  front  of  the  convent  of  the  Franciscan  friars  in  the  same  town,  which  is  reputed  to  be 
the  entrance  to  the  palace,  bears  considerable  resemblance  to  the  Porta  Aurea  of  Dioderian, 
aft  Spalatro.  These  buildings  are  all  in  a  heavy  debased  Roman  style,  and  we  are  quite  at 
■  Boas  to  understand  the  paaaage  quoted  by  Tlraboschi,  from  Cassiodorus,  who  therein  gives 
a  particular  description  of  the  very  great  lightness  and  el^ance  of  columns ;  thus — **  Quid 
dieamos  cohmmarum  junceam  proeeritatem  ?  Moles  illas  sublimissimas  fobricarum  quasi 
qnibusdam  erectu  hastilibus  oontineri  et  substantis*  qualitate  concaris  canalibus  cavatas,  ut 
magia  ipsas  sestimes  foisse  transftisas ;  alias  oeris  judioes  factum,  quod  metallts  durisumis 
videas  expolitum.**  (Lib.  iii.  Epist.  S9.)  We  know  no  examples  of  the  period  that  bear 
out  these  assertions  of  Cassiodorus ;  on  the  contrary,  what  is  known  of  this  period  indicates 
a  totally  diflferent  style. 

S79.  If  the  successors  of  Theodoric  had  succeeded  to  his  talents  as  well  as  his  throne, 
and  if  they  had  been*  assisted  by  ministers  like  Cassiodorus,  the  arts  and  letters  of  Italy 
mi^it  have  recovered ;  but,  after  the  retirement  of  that  minister,  firom  the  succession  of 
Vitigea;  towards  588,  the  arts  were  completely  extinct.  In  543-7,  Rome  was  taken  and 
plundered  by  Totila ;  and  afterwards,  in  553,  this  ill-fitted  city  was  again  united  to  the 
Eastern  empire  by  the  talento  of  Belisarius  and  Narses. 

880.  Fkmn  the  year  568  up  to  the  conquest  of  Italy  by  Charlemagne,  in  774,  the  country 
was  Ofverrun  by  the  Lombards,  a  people  who  quickly  attained  a  high  degree  of  civilization. 
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■nd  ircre  much  given  to  the  practice  of  archileclure.  Mafleii  Huntori,  Bnil  TlraboKhi 
have  e\tu]y  proied  that  neither  the  Goth)  nor  the  Lombardi  introduced  an;  particular 
itylc,  but  employed  the  architects  whom  Ihey  found  in  Ital;.     Fig.  MS.  ii  the  vctt  end 


of  the  church  of  St  Michael,  at  F 
here  inaerted  u  an  eiample  of  ityli 
arta  wai  not  luffident  la  prerent  Inei 
Kot  more  than  the  Gothi  da  the^  df 
enee  to  them.  Beaide*  fortitiotioni 
templet,  not  only  at  Paiia,  the  ae«l 
Benerenta.  Hospiula  under  them 
particular,  lignaliied  her  pious  leal 
reaidencc,  and  endowing  it  in  >  miHt 
381.  tn  the  M^lh  centur<r  Uie  inl 
John  VI.  and  Gregory  III.,  at  the  c< 
ide  in  their  behalC  During  thii 
nabled 


'ia,  a  work  eieeuted  undet  the  Lombardi,  and.  therrfom. 
Hie  anxiety,  howerer,  of  the  Lombardi  toprecerre  the 
lir  increaiing  decay,  which  dally  became  more  apparent, 
loerre  the  reproach  for  their  treatment  of  and  indilTer- 
ii  and  citadeli  for  defence,  they  built  palaeei.  bathi,  and 
It  of  their  empire,  but  it  Turin,  Milan,  Spoleto.  and 
began  to  be  founded.  The  Queen  Theodelinda.  in 
in  founding  one  at  Monza,  near  Milan,  her  ftvouritc 
liberal  manner. 

Duence  of  the  popea  on  the  line  arti  began  to  be  felt, 
smmencement  of  the  eighth  century,  ehowed  great  aoli- 
age  the  popes  giuned  great  temporal  aduantages,  and 
thoie  adiantages  so  ai  to  do  great  good  for  Ituy.  In 
ed  himself  in  this  pinion  to  such  an  citeni,  that  Ni- 
cholai  V.  placed  on  his  monument  the  in- 
scription,— 

Rntllutt  mom,  moEnUl,  (nDpU.  Dailial. 

His  works  were  many  and  admirable.  Among 
those  of  great  use.  be  oonitnicted  porticoes 
fivm  the  city  to  San  Paolo  and  8.  Loreaso 
fuori  le  MurL 

983.  Before  we  sdnnee  to  the  age  of 
Charlemagne,  it  will  be  necessary  to  notice 
the  church  of  St  Vitalis,  at  RaTcnna,  which 
we  haTE  lesened  for  this  place  on  account  of 
the  singularity  of  its  construction.  It  was 
erected,  as  is  usually  believed,  under  the  reign 
of  Justinian,  in  the  siitb  century.  See  fyi. 
114.  and  US.  The  exterior  walls  arc  formed 
in  a  regular  octagon,  whoie  diameter  is  128  fL 
Within  thia  octagon  ii  another  concentric  one, 
54  ft.  in  diameter,  from  the  eight  piers  whereof 
(55  ft.  in  height)  a  hemiipherical  vault  U 
gathered  over,  and  over  this  is  a  timber  conical 
M  roof.  The  peculiirily  eihibited  in  the  con- 
"ifl  strueUon  of  the  cupola  is,  that  the  spandrels  are 
filled  in  with  earthen  vaiei ;  and  that  round  the 
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exterior  of  its  base  aemiciroulor  headed  windows  are  introduced,  each  of  which  is  subdivided 
into  two  apertures  of  similar  forms.  Between  every  two  piers  hemicylindrical  recesses  are 
formed,  each  covered  by  a  semidome,  whose  vertex  is  48  ft.  from  the  pavement,  and  each 
of  them  contains  two  windows  subdivided  into  three  spaces  by  two  columns  of  the  Corin- 
thian order,  supporting  semicircular-headed  arches.  Between  the  piers  and  the  external 
walls  are  two  corridors,  which  surround  the  whole  building,  in  two  stories,  one  above  the 
other,  each  covered  by  hemicylindrical  vaulting.  The  upper  corridor  above  the  vault 
is  covered  with  a  sloping  or  leauto  roo£  We  have  before  noticed  the  introduction  of  vases 
in  the  spandrels  at  the  Circus  of  Caracalla ;  and  we  cannot  help  being  struck  with  the 
similarity  of  construction  in  the  instance  above  cited.  It  fully  bears  out  the  observation  of 
Mbller  {Denkmakkr  der  Deutachen  Bankunst),  **  that,  though  beauty  of  proportion  seems  to 
have  been  nnappredated  in  these  ages,  and  architecture  was  confined  within  a  servile  imi- 
tation of  the  earlier  forms,  the  art  of  compounding  cement,  the  proper  selection  of  build- 
ing materials,  and  an  intimate  acquaintance  with  the  principles  of  solid  construction  with 
which  the  ancients  were  so  conversant,  were  fully  understood.'* 

283.  The  aera  of  Charlemagne,  which  opened  after  the  middle  of  the  eighth  century  and 
continued  into  the  early  part  of  the  ninth,  gave  rise  to  many  grand  edifices  dedicated  to 
Cbristianity.  This  extraordinary  man,  rising  to  extensive  dominion,  did  much  towards  re- 
storing the  arts  and  civilisation.  *'  Meanwhile,  in  the  south-east,**  says  an  intelligent 
anonymous  writer,  <*  the  decrepid  Grecian  empire,  itself  maintaining  but  a  sickly  existence, 
had  nevertheless  ocmtinued  so  &r  to  stretch  a  protecting  wing  over  them  [the  arts]  that 
they  never  had  there  equally  approached  extinction.  It  seems  probable  that  Charlemagne 
dr^  thenoe  the  architect  and  artisans  who  were  capable  of  designing  and  building  such  a 
church  as  the  cathedral  of  Aix-la^Chapelle,  in  Germany.*'  "If  Charlemagne,"  says  Gibbon, 
*■  had  fixed  in  Italy  the  seat  of  the  Western  empire,  his  genius  would  have  aspired  to  re- 
store, rather  than  violate,  the  works  of  the  Caesars ;  but  as  policy  confined  the  French 
monarch  to  the  forests  of  Germany,  his  taste  could  be  gratified  oidy  by  destruction,  and 
the  new  palace  and  church  of  Aix-la-Chapelle  were  decorated  with  the  marbles  of  Ravenna 
and  Rome.**  The  fact  is,  that  the  Byzantine  or  Romanesque  style  continued,  with  various 
degrees  of  beauty,  over  the  Continent,  and  in  this  country,  tUl  it  was  superseded  by  the  in- 
troduction of  the  p<nnted  style.  Mbller,  from  whom  we  extract^.  146.  which  represents 
the  portico  of  the  Convent  of  Lorsch,  situate  about  two  and  a  half  German  miles  from 
Darmstadt,  considers  it  as  all  that  remains  of  the  first  church  built  in  the  time  of  Charle- 
magne. The  same  learned  author  observes,  that,  on  comparison  with  each  other  of  the 
aocient  churches  of  Gennany,  two  leading  differences  are  discoverable  in  their  styles,  of 
which  all  others  are  grades  or  combinations.  The  ^rsf,  or  earliest,  whose  origin  is  from  the 
South,  is,  though  in  its  later  period  much  degenerated,  of  a  highly  finished  character, 
distinguished  by  forms  and  decorations  resembling  those  of  Roman  buildings,  by  flat  roofs, 
by  hemicylindrical  vaults,  and  by  great  solidity  of  construction.  The  tetond  and  later  style 
still  iweserves  the  semicircular  forms ;  but  the  high  pitched  roof,  more  adapted  to  the  seasons 
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of  a  northern  climate,  begins  to  be  substituted  for  the  flat  roof  of  the  Soutli,  as  at  the  ca- 
thedral of  Worms  on  the  west  side,  the  western  tower  of  the  church  at  Gelnhausen,  and  in 
many  other  examples. 

284.  We  are  now  approaching  a  period  in  which  more  light  can  be  thrown  on  our  sub- 
ject than  on  that  we  have  just  quitted.  In  the  ninth  century,  on,  as  it  is  said,  the  designs  of  a 
Greek  artist,  rose  the  cathedral  of  St.  Mark  at  Venice,  the  largest  of  the  Italian  churches  in 
the  Byzantine  style.  Its  plan  b  that  of  a  Greek  cross,  whose  arms  are  vaulted  hemicy- 
lindrically,  and,  meeting  in  the  centre  of  the  building,  terminate  in  four  semicircular  arches 
on  the  four  sides  of  a  square,  about  42  ft.  in  length  in  each  direction.  From  the  anterior 
angles  of  the  piers,  pendentivet  gather  over,  as  in  St  Sophia,  at  Constantinople,  and  form  a 
circle  wherefrom  rises  a  cylindrical  wall  or  drum  in  which  windows  for  lighting  the  interior 
are  introduced.  From  this  drum,  the  principal  dome,  which  is  hemispherical,  springs. 
Longitudinally  and  transversely  the  church  is  separated  by  ranks  of  columns  supporting 
semicircular  arches.  The  aisles  of  the  nave  and  choir,  and  those  of  the  transepts,  intersect 
each  other  in  four  places  about  the  centre  of  the  cross,  over  which  intersections  are  small 
domes  ;  so  that  on  the  roof  arc  four  smaller  and  one  larger  dome.  In  the  exterior  front 
towards  the  Piazza  San  Marco,  the  fefade  consists  of  two  stories,  in  the  centre  of  the  lower 
one  whereof  is  a  large  semicircularly  arched  entrance,  on  each  side  of  which  are  two  other 
smaller  arched  entrances  of  the  same  form.  These  have  all  plain  archivolts  springing  from 
the  upper  of  two  orders  of  columns.  On  each  flank  of  the  facade  is  a  smaller  open  arcade 
springing  at  each  extremity  from  an  upper  of  two  orders  of  insulated  colunms.  A  gallery 
with  a  balustrade  extends  round  the  exterior  of  the  church,  in  front  whereof,  in  the  centre, 
are  the  four  fiunous  bronze  horses  which  once  belonged  to  the  arch  of  Nero.  The  second 
story  towards  the  Piazza  San  Marco  consists  of  a  central  semicircular  aperture,  with  two 
blank  semicircular  arches  on  each  side,  not  quite  so  high  and  wide.  These  five  divinons 
are  all  crowned  by  canopy  pediments  of  curves  of  contrary  flexures,  and  ornamented  with 
foliage.  Between  each  two  arches  and  at  the  angles  a  turret  is  introduced  consisting  of 
three  stories  of  columns,  and  terminated  by  a  pinnacle.  The  building  has  been  considerably 
altered  since  its  first  construction ;  and,  indeed,  the  ornaments  last  named  point  to  a  later 
age  than  the  rest  of  the  edifice,  the  general  character  of  which  has,  nevertheless,  been  pre- 
served. There  is  considerable  similarity  of  plan  between  this  church  and  that  of  St. 
Sophia. 

285.  Very  much  partaking  the  character  of  composition  of  St.  Mark,  but  dissimilar  in 
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gcnenl  plan,  ■>  the  chursh  of  St.  Anthony  at  Padua,  which  bu  gii  domes  orer  the  nave, 
tiaiiaepta,  centra,  and  choir.  It  is,  moreorer,  diatinguiahcd  hy  two  sleikder  toven  or  minarelSk 
which  iioparl  to  it  the  air  of  a  Saraceiuc  edifice. 

aS6,  The  lulian  architecture  in  the  Byuntine  or  Romanesque  style  preserved  a  lery 
different  •orl  of  character  from  that  of  the  same  date  in  Germany  and  other  parts  of  Europe. 
Thus, — -taking  the  cathedrals  of  Pisa  and  Worms,  whose  respective  periods  of  construction 
arc  very  close  ti^ether,  —the  (brmer  is  separated  into  its  nave  and  aisles  hy  columns  with 
Corinthian  capitals,  remiaciing  one  very  much  of  the  early  Christian  basilica  ;  in  the  latter, 
the  separation  of  the  oaie  6xHn  the  aisles  is  by  square  piera.  The  cathedral  at  Piaa,  with 
it*  liaplisteTy,  campanile,  and  the  campo  unto  or  cemetery,  are  a  group  of  buildings  of  more 
curiosity  than  any  four  edifices  in  the  world,  and  the  more  so  from  being  so  strongly 
marked  with  the  distinguishing  features  of  the  Bysantinc  and  Romanesque  styles,  ^e 
cathedral  Otjr.  M7.).  whose  architect  was  Buschetto  of  Dulichio.  a  Greek,  was  huilt  in  (he 
beginning  in  (he  11th  cen- 
tury.     It  consUU  of  a  nave, 

ofit,  transeptsgandehinr.  Its 
bases,  capitals,  cornices,  aud 
other  parts  were  fragments  o( 
antiquity  coUected  irom  dif- 
ferent places,  and  here  with 
great  skill  brought  together 
b;  BuMhetto.  The  plan  ot 
thechurcbisalAlincToasi  its 
length  firom  the  interior  bee  of 
the  vail  to  the  back  of  the 
recea*  is  31 1  ft.,  the  width  of 
the  nave  and  four  side  aisles 
I06  ft.  G  in.,  the  length  of  the 
transept  S37  fl.  4  In-,  and  its 
width,  with  its  side  aisles, 
SS  ft.  The  centre  nave  is 
41  ft.  wide,  and  bos  twenty- 
four  Corinthian  columns. 
tweln  on  each  side,  all  of 
marble,  34  ft.  10  in.  high,  and 
*     n«.u;  n-.*i-.w"™«....  .rF».  '■    fiill   2ft    sin.    in  diameter. 

From  the  capitals  of  these 
coluinns  arches  spring,  and  over  them  is  another  order  of  columns,  smaller  and  more  nu- 
merous, from  the  circumstance  of  one  being  inserted  over  the  centre  of  an  inlercolumniation 
below,  and  from  their  accompanying  two  openings  under  arches  nearly  equal  to  the  width 
of  inch  intereolumniationa.  These  form  an  upper  gallery,  ot(r(fiiriiD»,  anciently  appropriated 
to  the  use  of  (emalea.  The  four  aisles  hare  also  isolated  columns  of  the  Corinthian  order, 
but  smaller,  and  raised  on  high  plinths,  in  order  Eo  make  them  range  with  the  others.  The 
trartflcpts  have  each  a  nare  and  two  side  aisles,  with  isolated  columns,  the  same  use  as  tlmse  of 
(he  other.  The  soffit  of  the  great  nave  and  of  the  transepts  is  of  wood,  gilt,  but  the  smaller 
«w*  are  groined.  The  height  of  the  great  nave  is  gt  ft.,  that  of  the  transepts  about  84  ft,, 
and  that  of  the  aisles,  35  ft  In  the  centre  nave  are  tour  piers,  on  which  rest  four  large 
arches,  supporting  an  elliptical  cupola.  The  church  is  lighted  by  windows  above  the  second 
osder  of  Ibe  interior.  The  edifice  is  surrounded  by  steps.  The  eitteme  width  of  the 
western  front,  measured  above  the  plinth  moulding,  is  116  ft.,  and  the  height  ftum  thepave- 
moit  lo  the  apei  of  the  roof  is  119  ft.  3  in.  The  fafade  has  five  stories,  the  first  whereof 
consists  of  seven  arches,  supported  by  sis  Corinthian  columns  and  two  pilasters,  the  middle 
arch  being  larger  than  the  others  :  the  second  has  twenty-one  arches,  supported  by  twenty 
cdumna  and  two  pilasters  ;  the  third  is  singular,  from  the  1a9ade  contracting  where  the 
two  aisle*  finish,  and  forming  two  lateral  inclined  planes,  whence  in  the  middle  are  columns 
with  archea  on  them  as  below.  The  columns  which  are  in  the  two  inclined  plane*  gradually 
dimiDista  in  height :  the  Gflfa  story  is  the  same,  and  forms  a  trian^^ilar  pediment,  the  columns 
and  arches  as  they  approach  the  angles  becoming  more  diminutive.  The  two  cxlerior  (ides 
have  two  orders  of  pilasters,  one  over  the  other.  Theroof  of  the  nave  is  supported,  eiternally, 
by  a  wall  decorated  with  columns,  and  arches  resting  on  their  capitals.  The  whole  of  the 
bnihJing  is  covered  with  lead.  The  drum  of  the  cupola  is  eitemally  ornamented  with 
eigbty-eigfat  columns  connected  by  arches,  over  which  are  pediments  in  marble,  forming  a 
qiecie*  of  crowns.  The  princi)wl  point  of  difference  in  these  cathedrals  from  the  old 
baailiec,  in  imitation  whereof  they  were  doubtless  built,  is  in  the  addition  of  the  transepts, 
by  which  a  crucilbrtn  plan  was  given  to  these  edifices.  The  style  of  the  building  in 
question  is  much  lighter  than  most  of  the  buildings  of  the  period.  But,  whatever  the  taste 
1  9 
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u  a  Ttiy  akilftil  meehuic.     One  of  bii  «piU|iha,  M  Km,  we 
,T«  sUted. 

287.  In  CennaDf,  the  lotb  mnd  llth  centuries  *ff(jnl  ■dnMeilillees  ter;  important  in  the 
liialor;  of  the  u-L  Such  are  the  catbedrsls  of  Spire,  Worma,  Mayence,  and  othm,  Mill  in 
eiiilence  to  leitify  their  eitnordinary  soUditj  >nd  nugoificence.  In  that  countr)',  u  MiiUer 
remsrkn.  there  tu  a  great  diiparity  between  jti  several  provinces,  as  respected  their  degrees 
of  civilisation.  On  the  banks  of  the  Rhine,  and  in  the  south,  cities  were  established  when 
those  psrti  became  luhject  to  the  Romans,  and  there  the  arts  of  peace  and  the  Chrintian 
religion  took  root,  and  flourished;  whilst,  in  the  northandeast,  paganism  wu  still  Ineiistence. 
Christianity,  indeed,  and  civilintion  gradually  and  generally  cilended  from  the  southern 
and  western  parta.  The  clergy,  ve  know  fi^nn  history,  themselves  directed  the  building  of 
churches  and  convents.  The  buildings,  therefore,  of  these  parts  ore  of  great  importance  in 
the  history  of  arohitecture.  The  leading  forms  of  these  churches,  si  well  as  of  those  that 
were  buill  about  the  same  period  in  France  and  England,  are  founded  upon  the  ancient 
bosilieic ;  that  is,  they  were  long  parallelogranis  with  side  aisles,  and  transepts  which  represent 
the  arms  of  the  croo,  over  whose  intersection  with  the  nave  there  is  frequently  a  laum. 
The  choir  and  chancel  terminate  semicircularly  on  the  plan.  The  semicircle  prevuls  in 
the  vaultings  and  over  openings.  The  nave  is  lofty,  frequently  covered  with  groined  vaulting, 
•oroetimes  with  flat  timber  covering;  the  gables  are  of  small  inclination.  In  the  upper 
pans  iniall  short  columns  sre  frequently  mtroduced.  The  prevailing  feature  in  the  ei- 
leriot  is  boriiontality,  by  which  it  is  distinguished  from  the  style  which  came  into  use  in  the 
I3th  century.  The  profiles  of  the  mouldings  are,  almost  without  encepiion,  of  Roman 
origin  ;  tbe  impost  moutdingi  under  the  arches  are,  in  this  respect,  peculiarly  striking  ;  and 
among  tbe  parts  the  Attic  base  constantly  appears.  The  Roman  basilicK  were  alwa}'a 
covered  with  flat  horizontal  ceilings;  those  of  the  churches  we  are  speaking  of  are  mostly 
vaulted.  Hence  tbe  necessity  of  substituting  pillars  or  pters  Cor  the  insulated  columns, 
which  hod  only  to  carry  wooden  roofit.  There  are,  however,  a  few  churches  remaining, 
which  preserve  the  ancient  type,  as  a  church  at  Ratiibon,  and  the  conventual  churches  of 
PaaliDMlland  Sohwarsach.  Fig.  148.  shows  the  plan,  and /;.  149.  a  sketch  of  arc  bay  in  a 


longitudinal  section  of  the  north  side  of  tbe  nave  of  the  cathedral 
at  Worms,  which  was  commenced  in  the  year  99€,  and  conse- 
crated in  lOie.  It  is  one  of  the  most  ancient  of  the  German 
churches,  atvl  one  of  the  moat  instructive.  On  our  examination 
of  it,  recently,  we  were  astonished  at  its  state  of  preservation. 
The  plan,  it  will  be  seen,  is  strongly  distinguished  by  the  cross; 
the  square  piers  are  alternately  decorated  with  half  columns ;  and 
tbe  cbancel,  at  the  east  end,  terminates  with  a  semicircle.  The 
western  end  of  the  church,  which  is  octagonal,  appears  more 
modern  than  the  rest,  inasmuch  as  the  painted  ardi  appears  in  it. 
Fiff.  ISO.  is  the  general  appearance  of  the  building. 

388.  Parts  of  the  cathedral  at  Menti  are  mure  ancient  than 
any  part  of  that  at  Worms ;  hence  it  may  be  studied  with  advan- 
tage, as  containing  a  view  of  the  styles  of  several  centuries.  Tbe 
south-eastern  gate  of  the  cathedral  is  given  by  Moller  in  his 
work  (Plate  VI.). 

389.  Whittington,  a  highly  talented  author,  of  whom  the  world 
was  deprived  at  a  very  early  age  (Hubrrical  JWwy  s/tAs  Eedt- 
Miaitieal  Antigidlif  of  Pnuet,  4to.  Lond.  1809),  observes,  that 
the  buildings  in  France  of  the  9lh  and  loth  centuries  were  imi- 
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(ated  fi^nn  the  vorti  of  Chule- 
nugK ;  but  that  his  fteble  luc- 
cenon,  deficient  both  in  riches 
■nd  power,  were  uuhle  to  equal 
Ibem  in  mignitude  or  bekiity  oT 
auteriAiiL  During  a  Urge  por- 
tion of  the  9th  century  the 
country  wm  ■  icene  of  eontlet- 
DMion  and  bloodihed.  Tha 
moat  celebrated,  and  almoM  the 
only  Ibuaditlon  of  consequence 
which  took  place  during  thu 
dreuy  period,  was  tbe  abbey  of 
Clugny.  It  w«a  built,  abiout 
910,  by  Bemo,  abbot  of  Balnie, 
with  the  laiiutKe  of  William, 
Duke  of  Aquiuioe  and  Au- 
:  vergne.        Bui    there    ii    little 

doubt  tb»t  the  prcHnt    church 

tury.  During  tbe  1 1  Ih  century, 
the  French,  relieved  from  their 
diaordered  stale,  hoatened  to  re- 

build  and  repair  their  eccleaiag- 

"*  '«>■  -"■■  ■"-■""-  ^^  riruclures,  and  their  varioo. 

ritiei  and  prorince*  *ied  with  each  other  in  displays  of  rnthuaiasiic  devotion.  Robert  the 
KoiB,  by  hii  eiample,  encouraged  the  teal  of  his  clergy  and  people  ;  and  the  icience  of 
architecture  rrriied  with  m«je>t*  and  eHect  from  its  fallen  Mate.  Morard,  the  abbot  of 
St.  Germain  iet  Pr^,  waa  enabled  by  this  monarch  to  rebuild  tbe  church  of  his  con- 
Tcot  on  B  larger  teole.  SL  Genevieve  WBa  also  rcitored,  and  a'cloislcr  added  to  it,  by 
his  order.  He,  moreover,  made  preporationa  for  erecting  a  cathedral  at  Paris  in  a  style 
nf  as  great  magnifieence  as  the  times  would  allow.  At  Orleans,  tbe  place  of  his  na- 
tivity, be  built  the  churches  of  Notre  Dame  de  bonnes  nouvelles,  Sc  Peter,  and  St.  Aignan, 
which  last  was  crauecrated  in  10£9.  But  our  space  docs  not  allow  an  enumeration  of  all 
the  works  undertaken  during  his  reign.  About  this  time,  the  cathedral  of  Chartres  was 
rebuilt  by  Fulbert,  its  bishop,  whose  great  reputation,  in  France  and  the  rest  of  Europe, 
enabled  him  to  eiHute  it  in  e  nunner  till  then  unknown  in  his  country.  Canute,  the 
king  of  England,  and  Itichard,  Duke  of  Normandy,  were  among  the  princes  who  assisted 
him  wilb  coottibutions.  Hia  succesaor,  Thierri  or  Theodoric,  completed  the  building.  The 
northern  part  was  afterwards  erected  in  1060,  at  tlie  expense  of  Jean  Cormier,  a  native  uf 
Charlm,  and  physician  to  the  king.  The  length  of  the  church  ia  4ifOft.,  its  height  loa  ft., 
and  tbe  nave  4S  ft.  wide.  The  transepts  eiiend  310  ft  The  abbey  church  of  Clugny, 
which  suweeded  that  aboie  mentioned,  is  one  of  the  largest  and  moat  interesting  of  the  ec- 
eleuaatieal  monuments  of  France,  and  was  begun  in  the  commencement  of  the  Ulh  century, 
by  tbe  abbot  Odilo,  and  finished  by  hia  auceessot  Hugh,  in  I0G9.  The  ceremony  of  its 
dedication  did  not,  however,  take  place  till  many  years  after.  The  style  of  architecture  in 
FrODce,  in  the  Ilth,  was  the  same  ss  in  the  preceding  centuries;  but  the  churches  were 
laj^er  and  more  solidly  constructed.  The  oldest  buildings  of  France  now  existing,  with 
some  eiceptions,  are  traceable  to  this  era ;  auch  arc  the  venerable  fabrics  of  St.  GerrTuin 
dea  Pri'-s,  St.  Benigne  at  Dijon,  those  of  Chartres,  La  Charity  sur  Loire,  Clugny,  and 
others ;  all  remaining  to  illustrate  the  history  of  the  arts  of  this  period.  But,  as  we  have 
nid  belbre,  and  to  tbe  student  the  observation  cannot  be  tc»  often  repeated,  the  style  which 
prevailed  was  no  more  than  a  debased  and  iecble  attempt  to  imitate  the  ancient  architecture 
of  Rome,  and  its  best  examples  are  not,  in  style  even,  equal  to  those  of  tbe  art  in  its 
lowest  state  under  the  reign  of  Dioclesian  i  indeed  the  investigation  is  only  important   as 

tion  at  different  periods.  Mont  fabrica  loquuntur  is  an  expresuoa  of  Cassiodorus,  so  true, 
that  to  prove  it  would  indeed  be  lighting  the  sun  with  a  candle  ;  and  we  must  not  trlRe 
with  the  patience  of  the  reader. 

390.  The  &ion  ehurches  of  England,  to  which  and  its  more  modern  architecture  our 
succeeding  chapter  will  be  entirely  devoted,  were  very  inferior  in  every  respect  to  the 
Nomuu  churches  of  France  i  and  these  latter  differed  materially  from  those  in  the  neigh, 
bourhood  of  I'aris,  and  ftirther  to  the  south.  Tlie  Norman  churches  were  larger  in  some 
nomples ;  but  they  were  more  rude  in  design  and  eiecution.  The  abbey  church  of 
St.  Stephen,  raised  at  Caen  by  William  the  Conqueror,  and  that  founded  by  his  Queen 
Matilda  in  tbe  same  city  in  honour  of  the  Holy  Trinity,  are  the  chief  examples  of  the 
pteolior  manner  of  building  Introduced  by  the  Norman  prelates  into  England  at  the  end 
1   9 
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of  the  1  Itb  ceotury  ;  Bfter  whicb,  u  < 
made  iti  ippeuance  in  Europe.  ■  it 
giie  ■  gcncrmi  notion  to  the  reader. 
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991.  Before  leaving  the  subject  of  this  lection,  we  must  full  hack  again  upon  Italy 
to  notice  tvo  or  three  wor1i<  intiTnately  connected  with  this  period  of  the  art.  We 
here  more  paiticularl;  allude  to  the  celebrated  baptiatrj  and  campanile  of  Pisa,  a  city 
wiiich  seems  to  have  been  a  great  nuning  mother  to  oui  ait,  no  leu  than  to  tfaasc  of 
painting  and  sculpture.  The  Campo  Santo  of  that  city,  of  which,  from  the  number  uf 
examples  to  be  noticed,  we  regret  we  shall  be  unable  to  give  but  a  short  account,  belongs 
to  the  next  period,  and  must  be  noticed  iftei  them. 

392,  Dioti  Salvi.  whose  birthplace  even  is  unknown,  commenced,  in  [153,  the  baptistery 
oiVxta  (Jig.  159.),  and  after  eight  yean  completed  it       It  is  close  to  the  cathedral  of  the 

though  on  the  wall  of 


r  gallery  M 


niddlei 


igea," 


3  character  of  the 

■istent  with  truth  that  the  edi- 
fice was  ornamented  by  John  of 
Pisa,  there  is  nothing  to  invalidate 
the  belief  that  the  building  stands 
on  the  foundations  originally  si-t 
out,  and  that  for  its  principal  fea- 
tures it  is  indebted  to  the  architect 


I  100  ft.  ii 


S  ft.  6  in.   thick. 

a   double    brick 

one  conical,  the 

al.     Tlie  former 

a    pyramid   of 

upper  eitremitf 


a  lantern 


:  above,  at  the  base  of 
Eupola,  which  stands  like 
iver  the  aperture.  From 
lent,  the  height   of  the 


cupoU  is  IMft      ■ 
by  a  decoratcil  doorway,  from   the 
-■  sill  of  which  the  general  pavement 
nmmi..  «  nu.  j,  j^^^  ihtx  steps  round  the  huild- 

re  between  the  steps  and  the  wall  having  been  provided  for  the  accommodation 
IS  assembled  to  view  the  ceremony  of  baptism.  An  aisle  or  corridor  is  con- 
its  interior  circumference,  being  formed  by  eight  granite  columns  andfour  piers, 
arc  turned  semicircular  arches,  which  support  an  upper  gallery ;  and  above 
e  twelve  piem,  lienring  the  semicircular  arches  which  support   the  pyramidal 


Chat.  II.  POINTED.  119 

dome.  Oo  the  exterior  are  two  orders  of  Corinthian  columns  engaged  in  the  wall,  which 
■upport  semicireular  arches.  In  the  upper  order  the  columns  are  more  numerous,  inas- 
much as  each  arch  below  bears  two  columns  above  it.  Over  every  two  arches  of  the  upper 
order  is  a  sharp  pediment,  separated  by  a  pinnacle  from  the  adjoining  ones ;  and  above  the 
pediments  a  horizontal  cornice  encircles  the  building.  Above  the  second  story  a  division 
in  the  compartments  occurs,  which  embraces  three  of  the  lower  arches ;  the  separation 
being  efiected  by  piers  triangular  on  the  plan,  crowned  by  pinnacles.  Between  these  piers, 
semicircular  headed  small  windows  are  introduced,  over  each  of  which  is  a  small  circular 
window,  and  thereover  sharp  pediments.  Above  these  the  convex  surfkce  of  the  .dome 
firings  up,  and  is  divided  by  twelve  ribs,  truncated  below  the  vertex,  and  ornamented  with 
crockets.  Between  these  ribs  are  a  species  of  dormer  windows,  one  between  every  two  ribs, 
ornamented  with  columns,  and  surmounted  each  by  three  small  pointed  pediments.  The 
total  height  is  about  179  ft.  The  cupola  is  covered  with  lead  and  tiles ;  the  rest  of  the 
edifice  is  marUe. 

293.  The  extraordinary  campanile,  or  bell  tower,  near  the  cathedral  at  I^sa,  was  built 
about  1 174.  It  is  celebrated  from  the  circumstance  of  its  overhanging  upwards  of  thirteen 
leet,  a  peculiarity  observable  in  many  other  Italian  towers,  but  in  none  to  so  great  an  extent 
as  in  this.  There  can  be  no  doubt  whatever  that  the  defect  has  arisen  from  bad  foundation, 
and  that  the  fiulure  exhibited  itself  long  before  the  building  was  completed  ;  because,  on 
one  side,  at  a  certain  height,  the  columns  are  higher  than  on  the  other ;  thus  showing  an  en- 
deavour on  the  part  of  the  builders  to  bring  back  the  upper  part  of  the  tower  to  as  vertical 
a  direction  as  was  practicable,  and  recover  the  situation  of  the  centre  of  gravity.  The 
tower  is  cylindrical,  50  ft.  in  diameter,  and  180  ft.  high.  It  consists  of  eight  stories  of 
oolunins,  in  each  of  which  tliey  bear  semicircular  arches,  forming  open  galleries  round  the 
story.  The  roof  is  flat,  and  the  upper  story  contains  some  bells.  The  last  of  the  group  of 
buildings  in  Pisa  is  the  Campo  Santo,  which,  from  its  style  and  date  (1278),  is  only  men- 
tioned here  out  of  its  place  in  order  to  leave  this  interesting  spot  without  necessity  for  further 
recurrence  to  it.  It  is  the  public  burying  place  of  the  city,  and,  whether  from  the  remains  on 
its  walls  of  the  earliest  examples  of  Giutto,  and  Cimabuc,  the  beauty  of  its  proportions,  or 
the  sculpture  that  remains  about,  is  unparalleled  in  interest  to  the  artist.  It  is  a  quadrangle, 
403  ft.  in  length,  117  ft.  in  width,  and  is  surrounded  by  a  corridor  32  ft.  in  breadth.  Tliis 
corridor  is  roofed,  forming  a  sort  of  cloister  with  semicircular-headed  windows,  which  were 
at  first  ample  apertures  extending  down  to  the  pavement,  but  they  have  been  subsequently 
divided  into  smaller  apertures  by  columns,  which,  from  the  springing  of  the  arches,  branch 
'  out  into  traoery  of  el^ant  desigptL  The  interior  part  of  the  quadrangle  is  open  to  the  sky. 
Some  of  the  arches  above  mentioned  were  completed  as  late  as  the  year  1464. 
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294.  About  the  end  ot  the  12th  and  the  beginning  of  the  ISth  century,  a  most  singular 
a««^  important  change  took  place  in  the  architecture  of  Europe.  The  flat  southern  roof, 
says  MoUer,  was  superseded  by  the  high  pitched  northern  covering  of  the  ecclesiastical 
edifices,  and  its  introduction  brought  with  it  the  use  of  the  pointed  arch,  which  was  sub- 
sUttttcd  for  the  semicircular  one ;  a  necessary  consequence  for  the  roof  and  vaults  being 
thus  rusedf  the  character  of  the  whole  could  not  be  preserved  without  changing  the  whole 
arrangement  of  the  combinations  of  forms.  But  we  have  great  doubts  on  Mbller*s  hypo- 
thesis ;  it  will,  indeed,  be  hereafter  seen  we  have  a  different  belief  on  the  origin  of  the  pointed 
areh.  Befisre  we  at  all  enter  upon  the  edifices  of  the  period,  we  think  it  will  be  better  to 
put  the  reader  in  possession  of  the  different  hypotheses  in  which  various  writers  liave  in- 
dulged, relative  to  the  introduction  or  invention  of  the  pointed  arch ;  and  though  we  attach 
very  liUle  importance  to  the  discovery,  if  it  could  now  be  clearly  established,  we  are,  as  our 
work  would  be  incomplete  without  the  notice,  compelled  to  submit  them  for  the  reader's 
consideration. 

895.  1.  Sqhu  have  derived  tkU  ttyle  from  the  holy  groves  of  the  early  Celte.  —  But  we  can 
see  no  ground  for  this  hypothesis,  for  it  was  only  in  the  14  th  and  15th  centuries  that  ribs 
between  the  groins  (which  have  been  compared  to  the  small  branches  of  trees)  were  intro- 
duced ;  hence  it  is  rather  diflScult  to  trace  the  similarity  which  its  supporters  contend  for. 

296.  2.   That  the  atyle  oriyinated  from  huts  made  with  twigs  and  branches  of  trees  intertwined. 

An  hypothecs  foncifiilly  conceived  and  exhibited  to  the  world  by  Sir  Jiynes  Hall,  in 

some  very  interesting  plates  attached  to  his  work.  Moller  properly  observes  upon  this 
theory  of  twigs,  that  it  is  only  in  the  buildings  of  the  15th  and  16th  centuries  that  the 
supposed  imitation  of  twigs  appears. 

I  4 
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297.  S.  From  the  framed  cotutruction  of  timber  buildinge,  —  This  is  wa  hypotbens  which 
it  would  be  loss  of  time  to  examine,  inasmuch  as  all  the  forms  and  details  undoubtedly  arise 
from  the  vault  and  arch ;  and  a  close  examination  of  the  buildings  of  the  1 3th  century 
proves  that  the  ancient  ecdeuastical  style  involves  the  scientific  construction  of  stone 
vaulting,  all  timber  construction  being  limited  to  the  framing  of  the  roof. 

298.  4.  From  the  imitation  of  the  aspiring  Unee  of  the  pyramids  of  Egypt.  —  Tlus  hypo- 
thesis is  the  fiincy  of  Murphy,  the  ingenious  and  useful  editor  of  a  work  on  the  convent  of 
Batalha,  in  Portugal,  and  also  of  some  of  the  finest  edifices  of  the  Moors  in  Spain.  Hie  fol- 
lowing is  the  reasoning  of  the  author  :  —  The  pyramids  of  the  Egyptians  are  tombs ;  the 
dead  are  buried  in  churches,  and  on  their  towers  pyramidal  forms  are  placed  ;  consequently, 
the  pyramids  of  the  towers  indicate  that  there  are  graves  in  the  churches ;  and  as  the  pyra- 
midal form  constitutes  the  essence  of  the  pointed  arch  style,  and  the  pyramids  of  the  towers 
are  imitations  of  the  Egyptian  pyramids,  the  pointed  arch  is  derived  from  the  latter.  The 
reader,  we  are  sure,  will  not  require  from  us  any  examination  of  the  series  of  syllogisms 
here  enumerated. 

299.  5.  From  the  intereeetion  of  eemicircular  arehee  which  oecttre  in  late  inetaneee  of  the  JRo- 
manetque  etgle.  —  This  was  the  hypothesis  of  the  late  Dr.  Milner,  a  Catholic  bishop  of  great 
learning  and  most  amiable  bearing,  and  a  person  so  intimately  acquainted  with  the  subject 
on  which  he  wrote,  that  we  regret  his  reasons  for  the  conjecture  are  not  satisfiictory  to 
us,  albeit  the  combination  (fig,  153.)  whereof  he  speaks  is,  in  the  Romanesque  style,  of 

fi^uent  occurrence.  The  venerable  prdate  seems 
to  have  loet  sight  of  a  principle  familiar  to  every 
artist  —  that  in  all  art  the  details  of  a  style  are 
subordinate  to  and  dependent  on  the  masses,  and 
that  the  converse  never  occurs ;  how,  then,  could 
r--^  r— "-^  ■  ■  »  ■ ,  .■  ■  ■.  the  leading  features  of  a  style  so  universal  have 

j— T  |— Y  V— T  S— f  had  their  origin  in  an  accidental  and  unessential 

Pi«.  iM.       ».»»•.  a.ioi.1  or  T«  Kmrru  a>c.  decoration,  like  that  of  the  theory  in  question  ? 

None  of  the  above  hypotheses  are  satisfiustory ; 
and  Mbller  well  observes,  that  the  solution  of  the  question,  whether  the  pointed  style  be- 
longs to  one  nation  exclusively,  is  attended  with  great  difficulties.  And  it  may  be  said 
that  the  problem  for  solution  is  not,  who  invented  the  pointed  arch,  but,  in  what  way  its 
prevalence  in  the  13th  century  is  to  be  accounted  for. 

300.  We  are  not  of  opinion  that  it  is  of  much  importance  that  this  vexata  quaetie  should  be 
settled ;  and  that  it  will  now  satis&ctorily  be  done,  we  consider  very  much  out  of  the  limits  * 
of  probability.  But  we  suppose  that  the  reader  will  be  inclined  to  ask  for  our  own  bias  on 
the  subject ;  and,  as  we  are  bound  to  answer  such  a  question,  the  reply  is,  that  we  are  of  the 
faith  of  the  Rev.  Mr.  Whittingtcm,  to  whose  work  we  have  before  referred,  that  the  pointed 
arch  was  of  Eastern  extraction,  and  that  it  was  imported  by  the  first  crusaders  into  the 
West.  **  All  eastern  buildings,**  says  that  ingenious  writer,  **  as  far  back  as  they  go  (and 
we  cannot  tell  how  fiur),  have  pointed  arches,  and  are  in  the  same  style ;  is  it  not  finir  to 
suppose  that  some  of  these  are  older  than  the  12th  century,  or  that  the  same  style  existed 
before  tliat  time?  Is  it  at  all  probable  that  the  dark  ages  of  the  West  should  have  given  a 
mode  of  architecture  to  the  East  ?"  Lord  Aberdeen,  whose  taste  and  learning  in  matters  of 
this  nature  well  qualified  him  for  the  posthumous  introduction  to  the  public  of  the  author 
we  are  using,  observes,  in  his  pre&ce  to  Whittington's  work,  that,  "  if  we  could  discover  in 
any  one  country  a  gradual  alteration  of  this  style  [the  Romanesque],  beginning  with 
the  form  of  the  arch,  and  progressively  extending  to  the  whole  of  the  ornaments  and  general 
design ;  —  after  which,  if  we  could  trace  the  new  fashion  slowly  making  its  way,  and  by  de^ 
grees  adopted  by  the  other  nations  of  Europe  ;  —  the  supposition  of  Mr.  WaJpole  [that  it 
arose  from  what  was  conceived  to  be  an  improvement  in  the  corrupt  specimens  of  Roman 
taste  then  exhibited,  and  was  afterwards  gradually  carried  to  perfection]  would  be  greatly 
confirmed.  Nothing,  however,  of  this  is  the  case.  We  find  the  Gothic  [pointed]  style, 
notwithstanding  the  richness  and  variety  it  afterwards  assumed,  appearing  at  once  with  all 
its  distinctive  marks  and  features,  not  among  one  people,  but,  very  nearly  at  the  same  period 
of  time,  received  and  practised  throughout  Christendom.  How  will  it  be  possible  to  account 
for  this  general  and  contemporary  adoption  of  the  style,  but  by  a  supposition  that  the  taste 
and  knowledge  of  all  on  this  subject  were  drawn  from  a  common  source  ?  and  where  can  we 
look  for  this  source  but  to  the  East,  which,  during  the  crusades,  attracted  a  portion  of  the 
population,  and,  in  a  great  degree,  occupied  the  attention,  of  the  different  states  of  Europe  ?  ** 
This  was  an  opinion  of  Sir  Christopher  Wren,  at  least  greatly  so,  his  leaning  being  rather 
to  deducing,  the  ori^n  of  the  style  from  the  Moors  in  Spain.  It  is  the  fashion  of  modern 
half-educated  critics  to  place  little  reliance  on  such  authorities  as  Wren.  We  have,  from  ex- 
perience, learned  to  venerate  them.  The  noble  author  whom  we  have  been  quoting  proceeds 
by  stating  that  "  the  result  receives  confirmation  from  the  circumstance  of  there  being  no 
specimen  of  Gothic  [pointed]  architecture  erected  in  the  West  before  the  period  in  ques- 
tion."    Exception,  however,  is  to  be  made  for  the  rare  cx;currence  of  a  very  few  examples, 
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whose  eonMtmctumixuiy  perhaps  be  placed  higher  than  the  1 2th  century,  and  the  cause  of  whose 
existence  may  be  satisfactorily  eiplained.  ''  It  may  be  sufficient  here  to  obserre,  that  no 
people  Tersed  in  the  science  cxf  architecture  could  long  remain  ignorant  of  the  pointed  form 
of  the  arch,  the  most  simple  and  easy  in  construction,  as  it  might  be  raised  without  a  centre 
by  the  gradual  projection  of  stones  placed  in  horixontal  courses ;  and,  whether  produced  by 
accident  or  necessity,  we  may  reasonably  expect  to  meet  with  it  occasionally  in  their  works.** 
It  is  certain  that,  though  neglected  in  their  general  practice,  the  ancients  were  acquainted 
with  this  mode  of  building  *  and  the  occurrence  of  an  arch  merely  pointed  and  unaccom- 
panied with  any  other  characteristic  of  the  style,  is  no  better  eridenoe  of  the  prevalence  of 
Gothic  (pointed)  architecture,  than  that  the  appearance  of  Corinthian  capitals  in  Romanesque 
buildings  must  give  them  the  right  to  be  called  classical  edifices.  It  is  not  easy  to  answer 
the  question,  —  In  what  part  of  the  East  are  we  able  to  point  to  buildings  constructed  in 
the  pointed  style,  of  a  date  anterior  to  those  erected  in  the  West  ?  A  little  reflection, 
however,  will  solve  the  difliculty ;  and  here  we  must  again  trespass  on  the  author  we  have 
so  copiously  used,  though  our  limits  will  not  aUow  us  to  follow  him  in  his  own  words.  It 
is  manifest  that  the  frequent  wars  and  revolutions  of  the  East  entailed  the  same  fate  on 
works  of  art  and  utility  as  attended  the  princes  and  chie&  of  the  states  subverted.  Thus 
the  number  of  architectural  examples,  and  especially  those  of  early  date,  was  greatly  di- 
minished. Again,  the  people  of  the  East  wi^  whom  we  are  best  acquainted,  in  a  great 
measure  sacrificed  their  less  durable  mode  of  building  to  that  which  they  found  established 
by  the  Greeks.  Thus,  the  church  of  Santa  Sophia  was  a  model,  after  the  conquest  of  Con- 
stantinople, for  all  the  mosques  that  were  erected,  with  the  addition  occasionally  of  minarets 
more  or  leas  lofty,  as  the  piety  and  magnifitence  of  the  sultans  might  dictate.  Pteviously 
to  the  conquest  of  the  metropolis  of  the  East,  such  a  practice  was  prevalent,  and  in  the 
cities  of  the  empire  many  christian  edifices  were  adapted  to  the  purposes  of  Mohammedan 
worship.  Yet,  notwithstanding  these  causes,  which  form  an  impediment  to  foil  information 
on  the  state  of  the  early  architecture  of  the  East,  there  b  an  abundance  of  facts  to  give 
probability  to  our  notion,  except  in  the  eyes  of  those  who  view  the  subject  through  the 
mfdiwm  of  prejudice  and  established  system  ;  at  least  so  we  opine. 

901.  '^  If  a  line,**  says  our  author,  "be  drawn  firom  the  north  of  the  Euxine,  through 
Constantinople  to  Egypt,  we  shall  discover  in  every  country  to  the  eastward  of  this  boun- 
dary frequent  examples  of  the  pointed  arch,  accompanied  with  the  slender  proportions  of 
Gothic  [pointed]  architecture ;  in  Asia  Minor,  Syria,  Arabia,  Persia ;  from  the  neigh- 
bourhood of  the  Caspian,  through  the  wilds  of  Tartary ;  in  the  various  kingdoms,  and 
throughout  the  whole  extent  of  India,  and  even  to  the  furthest  limits  of  China.  It  is  true 
that  we  are  unable,  for  the  most  part,  to  ascertain  the  precise  date  of  these  buildings  ;  but 
this  in  reality  is  not  very  important,  it  being  sufficient  to  state  the  fiurt  of  their  comparative 
antiquity,  which,  joined  to  the  vast  diffusion  of  the  style,  appears  adequate  to  justify  our 
conclusion.  Seeing,  then,  the  universal  prevalence  of  ^is  mode  in  the  Blast,  which  is  satis- 
foctorily  accounted  for  by  the  extensive  revolutions  and  conquests  effected  by  Eastern 
warriors  in  that  part  of  the  world,  it  can  scarcely  appear  requisite  to  discuss  the  probability 
of  its  having  been  introduced  firom  the  West,  or,  still  less,  fbrther  to  refute  the  notions  of 
tboae  who  refer  the  origin  of  the  style  [as  some  have  very  ignorantly  done]  to  the  in- 
vention of  English  artists.  Had  it  been  adopted  from  the  practice  of  the  West,  such  a 
peculiarity  of  taste  and  knowledge  must  have  been  imparted  by  some  general  communi- 
cation :  this  has  only  occurred  at  one  period,  during  which  no  building  of  the  species  in 
question  existed  in  Europe.  The  inhabitants  of  the  West  could  not  convey  a  knowledge 
which  they  did  not  possess ;  but,  as  it  became  pretty  general  amongst  them  diortly  after 
the  epoch  alluded  to,  it  is  reasonable  to  infer  that  they  acquired  it  from  those  nations  they 
wrc  said  to  have  instructed.  On  the  whole,  it  is  probable  that  the  origin  of  the  Gothic 
style,  notwithstanding  the  occasional  imitation  of  a  corrupt  and  degraded  species  of  Roman 
anehitecture,  is  sufficiently  indicated  by  the  lofty  and  slender  proportions,  by  the  minute 
parts,  and  the  fontastic  ornaments  of  Oriental  taste.** 

SOS.  Moller,  a  writer  for  whose  opinions  we  entertain  the  highest  respect,  is  not, 
however,  of  opinion  that  the  pointed  arch  originated  with  the  Arabs ;  and  he  observes  that 
a  scrutiny  of  their  buildings  will  exhibit  nothing  that  bears  upon  the  Gothic,  or  pointed, 
style.  He  says  that  their  arches  are  in  the  shape  of  a  horseshoe  ;  that  the  columns  are 
low,  that  they  stand  single,  and  are  not  connected  in  groups  ;  that  the  windows  are  small, 
the  roofr  flat,  and  that  the  prevalent  general  forms  are  horizontal :  that,  in  the  ancient 
churches  of  the  ISth  century,  the  arches  are  pointed,  the  pillars  high  and  composed  of  several 
colarona,  windows  large,  and  roofs  and  gables  high.  But  at  the  end  of  his  argument  he  admits 
that  the  solution  of  the  question,  "  which  of  the  European  nations  first  introduced  or  im- 
proved the  pointed  style  is  not  so  easy,  for  we  find  this  style  of  building  almost  con- 
temporary in  all  parts  of  Europe.**  Now,  though  we  are  not  about  to  use  the  argument 
which  is  not  always  valid,  poti  hoe  ergo  propter  hoc,  we  must  observe,  that  the  introduction  of 
the  pointed  arch  immediately  afler  the  first  Crusade,  and  not  before,  is  a  most  singular 
occurrence ;  and  we  are  inclined  to  give  it  the  same  force  as  that  used  by  old  Bishop 
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Latimer  on  the  subject  of  the  Goodwin  Sands  and  Tenterden  steeple.  One  of  the  points  of 
Moller's  reasoning  we  do  not  think  at  all  fortunate ;  it  is  that  on  the  forms  of  the  Moresque 
arches.     Now,   it  must  immediately  occur  to  the  reader  that  one  of  the  forms  (as  at 

Othe  side),  and  that  a  common  one,  is  to  be  found  in  their  arches,  that  of  contrary 
flexure ;  a  form  in  the  architecture  of  this  country  in  the  time  of  the  Tudors  uni- 
versally adopted,  though,  it  mtist  be  allowed,  much  flattened  in  the  application.  Ano- 
ther  point  seems  to  have  been  altogether  overlooked  by  Moiler,  namely,  the  practice  of 
diapering  the  walls,  whereof  an  instance  occurs  in  Westminster  Abbey ;  and  one  which  has  a 
very  strong  aflSnity  to  the  pracUoe  of  the  Moors,  who  left  no  space  unomamented.  The 
higher-pitched  gables  of  the  northern  roois,  we  admit,  fostered  the  discovery,  by  the  in- 
troduction of  forms  from  necessity,  which  were  admirably  calculated  to  carry  out  to  their 
extreme  limits  the  principles  of  which  the  Crusaders  had  acquired  some  notion  for  practice 
on  their  return  to  their  respective  countries.  As  to  the  objection  that  the  Arabs  had  no 
original  architecture,  it  is  admitted.  They  must,  however,  have  had  that  of  the  tent, 
whose  form  inverted  would  give  all  that  is  sought.  These  observations  we  do  not  throw 
out,  however,  as  partisans ;  because,  as  we  have  before  said,  the  satis&ctory  settlemoit  of  the 
origin  involves  nothing  more  than  a  silly  antiquarian  controversy,  of  importance  to  no  one, 
and,  if  decided,  gratifying  only  to  little  minds ;  and  we  ought,  perhaps,  to  apologise,  under 
such  circumstances,  to  the  reader,  for  having  so  long  delayed  his  entry  to  the  acquaintance 
with  its  examples.  We  cannot,  however,  proceed  to  that  part  of  our  duty  without  ob- 
serving that  the  hypothesis  adopted  by  us  is 'sanctioned,  in  addition  to  the  intelligmt  author 
upon  whom  we  have  drawn  so  much«  by  Warburton,  and  T.  Warton,  and  Sir  Christopher 
Wren  ;  and  thougli  none  of  these  had  the  opportunity  of  basing  their  opinions  upon  the 
labours  of  th^  recent  travellers  whom  we  have  been  able  to  use,  we  do  not  think,  upon  this 
mooted  question,  either  of  them  would  be  reduced  to  the  necessity  of  retracting  what  he 
has  respectively  written.  The  reader  who  is  inclined  to  read  the  lucubrations  of 
Mr.  Kerrich  of  Cambridge,  which  deduce  the  forms  of  churches,  arches,  and  perhaps 
many  other  objects,  from  the  bladder  of  a  fish  (vesica  piscis),  may  consult  the  Archaeologia; 
in  which,  as  respects  that  subject,  much  money  was  uselessly  and  ridiculously  expended  in 
text  and  plates,  to  illuminate  the  world  on  a  subject  whereof  the  writer  was  most  pro- 
foundly ignorant,  a  remark  which  will  equally  apply  to  later  writers  on  the  subject 
who  have  appeared  from  that  seat  of  learning.  We  do  not  think  we  underrate  the 
number  of  writers  on  the  subject  of  the  origin  of  the  pointed  arch,  when  we  state  that  it 
amounts  to  uxty,  a  majority  of  whom  never  saw  a  pointed  arch  out  of  their  own  country, 
England ;  and  therefore  persons,  from  actual  comparison  and  knowledge,  totally  incapacitated 
from  estimating  the  very  nice  distincticms  and  grades  by  which  the  truth  could  be  eliminat<^. 

303.  The  golden  age  of  pointed  architecture  was  fit>m  the  middle  of  the  1 3th  to  the 
latter  end  of  the  14th  century,  and  one  of  the  first  churches  in  which  it  appeared,  so  as  to 
allow  it  to  be  quoted  as  a  fair  specimen  of  the  style,  is  that  of  Gelnhausen,  in  Swabia,  an 
edifice  wluch,  it  may  safely  be  said,  rose  in  the  beginning  of  the  13th  century.  On  the 
plan  it  is  a  L^tiu  cross,  terminating  in  three  sides  of  an  octagon  at  the  eastern  end,  where 
it  is  flanked  by  two  octagonal  towers  with  plain  buttresses  at  the  angles.  There  b  a 
similarity  in  the  long  narrow  windows  at  the  eastern  extremity  to  those  of  the  churches  of 
Constantinople ;  but  they  are  sharply  pointed  like  the  end  <^  a  lancet,  and,  from  the  cir- 
cumstance, are  universally  denominated  lancet-headed  windows.  Over  these  windows  are 
ornamental  semicircular  recesses ;  and  again  above  these  is  a  tier  of  small  columns  attached 
to  the  wall  which  support  arches  of  trefoil  formation.  In  the  wall  between  the  columns 
quatrefoil  windows  are  introduced  inscribed  in  circles,  and  above  the  arcade  each  hee  of  the 
octagon  is  pierced  with  a  small  window  of  two  apertures,  both  ending  in  trefoil  heads, 
flach  side  is  crowned  by  a  rectilinear  gable,  under  whose  sloping  sides  occurs  the  tubuk 
or  wavy  ornament,  bearing  some  resemblance  to  small  arcades,  with  their  imposts  rounded. 
The  octagon  is  crowned  generally  by  a  lofty  pyramidal  roo^  without  ornament.  The 
two  towers  on  the  flanks  are  divided  horizontally,  by  means  of  rectangular  panels,  into  five 
horizontal  parts,  each  of  them  at  the  upper  part  being  decorated  with  small  semicircular 
corbel-formed  ornaments.  The  foces  are  crowned  by  small  pediments,  and  the  tower  is 
terminated  by  a  plain  pyramidal  spire.  The  central  tower  of  the  edifice  is  octagonal  on 
the  plan,  containing  two  tiers  of  windows ;  whereof  those  in  the  lower  tier  have  some 
double,  others  triple,  apertures,  formed  by  mviKons,  over  which  are  trefoil  heads ;  whilst  those 
in  the  upper  tier  have  double  apertures  with  pointed  heads.  The  central  opening  of  the 
three-light  windows  in  the  lower  tier  rises  above  those  on  the  sides ;  but  they  are  enclosed 
under  one  semicircular  arch.     This  tower  b  also  crowned  with  a  simple  pyramidal  spire. 

304.  The  beautiful  church  at  Oppenheim,  dedicated  to  St  Catherine,  is,  like  that 
just  described,  a  Latin  cross  on  its  plan,  and  consists  of  a  nave  and  transepts.  Its  chancel 
U  five  sides  of  an  octagon.  As  in  many  of  the  churches  of  Germany,  it  has  a  second 
chancel  for  the  canons  at  the  western  extremity,  terminating  in  three  sides  of  an 
octagon.  The  entrances  are  on  the  north  and  south  sides  of  the  transepts.  From  a 
MS.   chronicle  of  the  church,  quoted  by  Mbller,   it   b  ascertained  that  the  nave  and 
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eftstem  chancel  were  begun  in  1S62,  and  finished  in  1317.  The  western  chancel  was  not 
coDsecratcd  till  1439.  The  total  length  of  the  church,  including  the  two  chancels.  Is 
268  ft. ;  whereof  the  western  chancel,  whose  breadth  is  46  ft.,  occupies  92  ft.  The  nave  b 
1  OS  ft.  in  length,  and  its  breadth  86,  that  breadth  comprising  the  two  side  aisles  which  are 
separated  from  the  nave  by  clustered  columns.  The  transept  is  102  ft.  long,  and  31  ft. 
broad.  In  the  ade  aisles  are  small  chapels.  In  the  western  front,  at  the  extremity  of  the 
nave,  are  two  towers,  standing  on  square  bases,  each  of  four  stories,  and  crowned  by  an 
octagonal  spire.  In  their  three  upper  stories  are  round-headed  windows,  which,  where 
double,  are  separated  by  pilasters.  The  windows  of  the  aisles  occupy  the  whole  space 
between  the  buttresses,  are  without  mullions,  and  have  pointed  arches.  The  buttresses, 
whose  fiMes  are  ornamented  with  panels,  are  without  pinnacles.  The  upper  windows  are 
surmounted  by  rectilinear  pediments,  with  crodcets  and  slender  pinnacles  between  them. 
The  doorway  of  the  south  transept  is  with  a  pointed  arch,  having  one  lancet-headed 
window  above.  The  transept  terminates  in  a  gable,  within  which  seven  small  pediments 
mre  placed.  Buttresses  are  placed  at  the  angles  of  the  transepts  terminating  in  pinnacles. 
Buttresses  without  pinnacles  flank  the  angles  of  the  hemi-octagon  at  the  east  end,  whose 
sides  are  pierced  with  lancet-headed  apertures.  In  the  western  fayade  is  an  elegant  rose 
window  0^  twenty  small  leaves  in  groups  of  five.  Over  the  intersection  of  the  transepts 
with  the  nave  stands  an  octagonal  tower,  in  each  fiice  of  which  is  a  pointed  window. 
The  centre  is  covered  with  a  small  cupola.  On  a  visit  to  this  beautiful  church  about  four 
years  since,  we  were  pleased  to  find  it  under  repair,  and  likely  to  be  preserved. 

306.  The  two  churches  of  Germany  whose  ikrae  makes  it  necessary  to  notice  them  here 
are  those  of  Strasburg  and  Cologne.  The  first  was  begun  in  1 277,  by  Erwin  de  Stcinbach, 
and  was  carried  on  under  various  architects  till  1439,  since  which  nothing  has  been  done 
towards  its  completion.  Among  the  examples  of  pointed  architecture,  this  is  the  most 
stupendous.  There  is  a  similarity  of  style  between  it  and  the  cathedrals  of  Paris  and 
Rheims,  except  that  the  ornaments  are  more  minute.  The  plan  is  a  Latin  cross,  whose 
eastern  end  terminates  interiorly  in  a  semicircle,  but  <hi  the  exterior  in  a  straight  line. 
The  length  of  the  church  is  324  ft.,  that  of  the  transept  150  ft.  :  the  height  of  the  vault  is 
98  ft.  The  nave  has  one  aisle  on  each  side  of  it.  The  western  &9ade  is  in  three  vertical 
divisimis  separated  by  buttresses.  In  the  central  one  is  the  principal  portal,  and  thereover, 
we  believe,  the  largest  rose  window  in  Europe.  The  portal  just  mentioned,  as  well  as  that 
on  each  side,  has  a  rectilinear  pediment  highly  decorated.  The  sides  and  sofites  of  the 
portals  are  filled  with  canopies  and  statues.  The  two  stories  of  windows  above  the  ground 
are  pointed  ;  those  in  the  first  story  having  slender  bar  divisions  in  front  of  them,  and  those 
above  being  subdivided  into  three  parts  by  a  species  of  thin  buttresses.  On  the  north 
ade  of  the  fii^ade,  being  the  north-west  angle  of  the  edifice,  rises  the  spire,  whose  height 
has  been  so  variously  represented,  that  some  authors  have  made  it  100  ft.  higher  than 
others :  we  believe  the  correct  height  to  be  466  ft.,  being  greater  than  that  of  any  church 
in  Europe.  To  a  certain  height  the  tower  is  square  and  solid,  being  formed  by  one  of 
the  vertical  divisions  of  the  western  facade.  Above  the  solid  part,  the  tower  rises  to  a 
c^tain  height  octangularly,  open  on  all  sides,  and  flanked  by  four  sets  of  open  spiral  stair- 
eases,  which  are  continued  to  the  line  whence  the  principal  tower  rises  conically  in  seven 
stories  or  steps,  crowned  at  the  summit  with  a  species  of  lantern.  In  the  interior  of 
this  church,  near  one  of  the  large  piers  of  the  transept,  is  a  statue  of  the  architect  Erwin, 
in  the  attitude  of  leaning  over  the  balustrades  of  the  upper  corridor,  and  looking  at  the 
opposite  piers.  John  Hiiltx  of  Cologne  succeeded  Erwin  as  architect  of  the  fabric  :  he 
continued  the  tower  which  we  have  just  described,  and  which  was  only  finished  in  1449. 

S06.  We  propose  to  close  our  view  of  the  pointed  architecture  of  Germany  with  some 
short  aeeount  of  that  which,  had  it  been  completed,  would  have  been  the  most  magnificent 
and  exquisitely  ornamented  ecclesiastical  edifice  the  world  ever  saw,  we  mean  the  cathedral 
at  Cologne,  whose  plan  (Jig.  154.)  exhibits  a  symmetry  not  surpassed  by  the  buildings  of 
anient  Greece  and  Rome.  A  church  had  been  erected  on  the  present  site  of  this 
cathedral  in  the  time  of  Charlemagne.  Thb  was  destroyed  by  fire  in  1 248,  at  which  time 
Conrad  filled  the  archiepiscopal  throne  of  the  city.  Before  fire  bad  destroyed  the  former 
fathfi^rw?,  tlus  prelate  had  resolved  on  the  erection  of  a  new  church,  so  that  in  the  year 
following  the  detruction  <^  the  old  edifice,  measures  had  been  so  fax  taken,  that  the  first 
stone  of  the  new  fabric  was  laid  with  great  solemnitv  on  the  14  th  of  August,  being  the 
eve  of  the  Assumption  of  the  Blessed  Virgin.  Collections  were  made  throughout  Europe 
for  carrying  on  the  works,  and  the  wealth  of  Cologne  itself  seems  to  have  favoured  the 
hope  that  its  founder  had  expressed  of  their  continuation.  The  misfortunes  of  the  times 
soon,  however,  began  to  banish  the  flattering  expectation,  that  the  works  would  be  continued 
to  the  completion  of  the  building.  Gerard,  who  was  the  architect  of  the  works  in  12^7, 
suffered  the  grief  of  seeing  the  archbishops  of  Cologne  dissipate  their  treasures  in  un- 
profitable wars,  and  ultimately  abandoning  the  city  altogether  for  a  residence  at  Bonn. 
The  works  do  not,  however,  appear  to  have  been  interrupted,  though  they  proceeded  but 
slowly.     On  the  27th  of  September,  in  the  year  1322,  seventy-four  years  after  the  first 


HISTORY  OP  ARCHITECTURE. 


ae  had  been  kid,  the  choir  was  coruecrited.  The  irorki  were  not  long  continued  witK 
irity,  for  about  13T0,  the  leal  of  the  bithful  wm  Ter;  much  damped  by  finding  that 
lat  abuK9  had  crept  into  tbe  dispoul  of  the  fundi.  The  nave  and  southern  tower 
itinued  riaing,  though  tlowl]>.  Under  Thierrj'  de  Moen  in  1437,  the  latter  had  beer 
■ed  to  the  third  atorj,  and  the  belli  were  moTed  to  it.  In  the  beginning  of  the  16lh 
itury,  the  nave  van  brought  up  to  the  haght  of  the  capitals  of  the  aule*,  and  the 
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naltiDg  of  the  north  aiile  wu  cammeDced  ;  tbe  Dortbern  (over  wu 
corni^Kjailing  bcight ;  (nd  em;  thing  leenieil  to  indioto  ■  tteadj'  proHcuuon  or  tne 
vork,  tbou^  the  Age  was  bat  mpprowdiing  in  vhich  the  style  was  (o  be  fbrgotteD.  l^e 
vindowi  ID  the  north  aimle  were  decormted,  though  not  in  strict  MOOrdknc«  vitb  the  Bt^lct 
jtt  Tith  aome  of  the  finest  ipecimens  of  painted  glsH  that  EurLppe  can  booAt.  e  vork 
executed  under  the  pelTDmi^  of  the  ArchtMshop  Hemijuin  of  Hesse,  of  the  cbapter,  of  the 
citj,  and  of  many  noble  6um1ie«  who  are,  by  ibetr  armorial  bearings,  recorded  in  th^e 
vindow*.  Bui  with  ihix  the  progiHs  stopped.  The  vorkg  wliicli  remain  are  at  once  a 
moaument  of  the  genius  which  conceived  sueh  an  edifice,  and  of  the  civil  discords  that 
pmrnted  its  eompTetion.  F!f.  ISS.  eihibita  the  south  elefatian  of  the  cathedral,  in  which 
the  darker  lines  show  the  parts  actually  executed,  and  the  lighter  ours  those  which 
remain,  alas  !  still  to  be  developed  in  matter.  If  the  reader  reflect  on  the  dimensions  of 
this  church,  whose  length  is  upwatds  of  500  ft, and  width  with  the  aisles  £SO  ft.  ;  the  teugth 
of  whose  transepU  was  990  ft.  and  nu>re ;  that  the  rooli  are  more  than  200  ft.  high,  and  the 
towers  when  Bnisfaed  would  bavE  been  more  than  500  ft  on  base*  1 00  ft  wide ;  he  may 
esnly  imagine,  that,  ootwithsUoding  all  the  industry  and  activity  of  a  very  large  number 
uf  wovkmoi,  the  woika  of  a  Mmcture  planned  on  so  gigantic  a  icale,  could  not  proceed 
otherwise  than  slowly,  especially  as  the  stone  is  all  wrought.  The  stone  of  which  it  is 
built  is  from  two  places  on  the  Rhine,  KoenigBwinter  and  Uncket-Bruch,  oppowte  the 
Seven  Mountains,  fiom  both  of  which  the  trsosport  was  facilitated  by  the  water  carriage 
■flbrded  by  the  Rhine.  The  foundations  of  the  southern  tower  are  known  to  be  laid,  at 
lent,  44  ft.  below  the  surfitce. 

307.  The  states  of  Europe  ought  to  contribute  towards  the  completion  of  this  stu. 
pendoua  work,  which  the  aid,  liberal  as  it  is,  of  the  King  of  Prussia,  does  little  more  than 
keep  in  repair  i  though  at  this  moment  there  is  a  complete  staff  of  architect,  clerks  of 
works,  masons,  &c,  constantly  employed  on  the  fabric.  We  subjoin  a  table  of  the  receipts 
and  eipendilure  upon  it  in  the  ten  years  from  1894  to  1833  inclusive,  by  which  it  will  be 
seen  bow  alive,  among  the  sorereigDi  of  tbs  Continent,  the  late  King  of  Prussia  was  to  the 
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30e.  So  that  the  average  yearly  expenditure,  for  the  ten  years  above  named,  amounts  ti 
9TI6I.  sterling,  a  sum  manilestly  little  more  than  necessary  for  keeping  the  building  ii 
repair,  and  leaving  us  without  the  moat  distant  prospect  of  its  ever  being  more  ' 
preserved.  The  above  table  is  extracted  from  tbe  mall  brochure  by  M.  J.  De 
pablishMl  at  Cologne  in  1B3S. 

309.  Jha  cathedral  at  Ulra  ifip.  ISG.)  is  another  of  the  many  celebrated  cathedrals  of 
Germany:  it  was  commenced  in  I3TT,  and 
finished,  the  tower  excepted,  in  14TB.      It  is 


e  Noel, 


being  4 1 6  (t  long,  1 66  ft  wide,  and,  includ 


them  to  the  erection  of  this  structure,  towards 
which  they  would  not  accept  any  contribution 
fiom  foreign  princes  or  cities ;  n«ther  would 
they  accept  any  remiesion  of  taxes  nor  indul- 
gences ttom  the  pope.  The  whole  height  of 
the  tower,  had  it  been  finished  according  to 
the  original  design  (still  in  existence),  would 
have  been  4S1  feet  it  does  not  presarve  the 
regularity  of  form  for  which  the  cathedra]  at 
Cologne  is  conspicuous,  but  the  composition 
~  of  it.  at  a  whole,  is  exceedingly  beauUftd.  At 
RatisboD  is  another  beautiful  work,  of  about 
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the  Mine  petitHl.  urvhich  fig.  I5T.  is  &  ^etchj  hut  we  da  not  think  il  neccauiy  to  detun 
the  reailer  vith  the  deacriptkn  of  it.  At  Vienna 
the  catbednl  or  St.  Slephen'i  eibibits  tnother  ei- 
quigite  eumple  of  the  Myte. 

310.  We  hiTe  mentioned  ■>  few  of  the  churches 

of  Prance  in  the  Bjwntine  or  Romaneiqiie  alylps. 

In  the  thirteenth  century  the  pointed   acjle  there 

reached    iti    higheM  excellence.      "  Every  thing." 

1   obaerTe*  WhiWington,  "  aeemed  to  eonipire.  in  the 

'  produce  an  inlerral  faTourable  for  the  cultiTation 
t  nf  the  art*  \  and  geniui  and  talenti  n-ere  Dot  vent' 
I  ing  to  niake  uae  of  the  happ;  oppartunitjr.  The 
I  thirteenth  centurj'  found  the  French  artists,  a  nu- 
'•  meroua  and  protected  body,  in  poacession  of  a  new 
I  nnd  beautilul  style  of  building;  the  religious  en- 
I  thuiiann  of  the  times,  fanned  b;  tlio  ipirit  of  the 
I  C>usadea,  was  at  its  lieight.  and  the  throne  of 
:  Franoe  was  filled  by  monarchs  equally  diatinguished 
by  tiieir  piety  and  magnifleence."  The  ehroniele 
F«.  \a.         ..,.».  ciu^..-  of  the  abbey  of  Dec  in   Normandy  infbrma  us  that 

Ingelramme,  who  had  been  employed  on  the  church 
of  Notre  Dame  at  Rouen,  was,  in  ISIS,  engaged  on  the  church  of  thU  Norman  abbey,  a 
great  portion  whereof  he  raised  in  ■  year  and  a  halfi  and  in  whioli  he  was  succeeded  Vn 
Waultier  de  Meulan.  wbo  finished  the  wort  in  less  than  three  years.  Little  of  this  build- 
ing reraaint,  ftom  the  circumstance  of  its  baring  been  burnt  twice  within  the  century, 
and  renewed  in  iu  present  fbrm  about  IBTS,  by  the  Abbot  de  Caniba.  At  this  p«iod  the 
chureheaof  France  were  rising  in  e»erj  direeuoo.  A(  Hbcimi,  the  cathedral  (fig.  15B.) 
exhibited  the  elegant  lightness  of  the  new  style  \  the  body  of  the  cathedral  at  Lyons  was 
completed;  the  eiquisite  cathedral  of  Amiens  (Jtj.  IS9.)  was  raised   by  Robert  de  L«- 


■arches  and  his  niccetiars ;  and,  among  many  other  architectiiral  beauties,  the  SainteCliapclle 
of  tlic  palace  at  Parit  Neitiier  must  we  omit  the  celebrated  Eudes  de  Montreuii,  nmong 
whose  numerous  works,  ailer  his  return  from  the  East,  whither  he  had  accompanied  St. 
Iduis,  was  the  church  of  Notre  l>anie  de  Mantes,  the  boldness  of  whose  vaulting  as- 
tonished Soufflol  and  Gabriel  in  Iheir  scientiKc  survey  of  the  French  churches,  and  of 
which  it  is  related,  perhaps  bbulously,  that  when  the  building  was  finished,  the  workmen 
realised  to  remove  the  centering,  until  Eudes,  by  sending  his  nephew  to  assist  them,  quieted 
their  apprehensions.  The  height  of  tlie  vaulting  from  the  pavement  is  M  feet.  This 
Eudc*  died  in  1289,  and  of  his  two  wives,  Mahaull,  or  Maud,  attended  the  queen  on  her 
voyage  to  Egypt  and  the  Holy  Land.  Anotber  artist.  Jounlin  de  Courvault,  is  known  to 
have  accompanied  the  king  (St.  Louis)  to  the  crusade.  The  number  of  ecclesiastical 
structures  in  France  erected  during  the  reign  of  St.  Louis  ciceods  all  former  and  sulisc- 
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quent  example.  Besides  a  great  numbcfr  founded  by  indiyiduals,  the  church  and  abbey  of 
St.  Antoine  near  Paris,  those  of  the  Filles  Dieu,  the  Jacobins,  the  Carmelites,  and  the 
Cordeliers  du  Faubourg  St.  Marcel,  were  built  by  command  of  the  king ;  and,  out  of  the 
metropolis,  the  abbeys  of  Lis  near  Melun,  of  Longchamp  near  St.  Cloud,  and  St.  Mathieu 
near  Rouoi ;  the  greater  part  of  the  abbey  of  St.  Denis ;  the  Hotels  Dieu  of  Vernon, 
Pontois^  and  Compiegne ;  the  church  and  abbey  of  Maubuisson  ;  the  church  of  the  nuns 
of  Potssy,  and  the  monastery  and  church  of  Royaumont  by  Pierre  de  Montercau,  are  re^ 
corded  as  the  monuments  of  this  munificent  sovereign.  At  the  latter  end  of  the  twelfth, 
or  in  the  beginning  of  the  thirteenth,  century,  moreover,  sprung  up  a  brotherhood,  known  by 
the  name  of  the  CtmfraUndU  de$  PanU,  founded  by  St  Benexet,  to  which  belongs  the 
honour  of  having  erected  a  bridge  across  the  Rhone  at  Lyons  in  1244,  and  the  Pont  St. 
Esprit,  another  vast  structure.  The  first  stone  of  this  was  laid  with  great  ceremony  in 
1265  by  Jean  de  Tianges,  prior  of  the  monastery  of  St.  Esprit,  and  the  whole  structure, 
abore  3000  feet  in  length,  was  completed  in  1309.  The  building  of  bridges  and  main- 
taining of  roads  at  this  period  may  be  almost  deemed  to  have  been  as  great  an  act  of  piety 
AS  the  founding  of  churches ;  and  a  religious  association  for  such  a  purpose  affords  a  proof 
of  the  previous  barbarism  and  increasing  civilisation  of  the  age. 

311.  The  wars  carried  by  the  English  into  the  very  heart  of  France,  as  well  as  the 
fiurtions  and  divisions  of  the  French  nobility,  put  a  stop  to  the  cultivation  of  the  fine  arts, 
and  the  fine  pointed  style  of  this  country  ceased  about  the  fourteenth  century.  The  two 
succeeding  ones  were  not  distinguished  by  architectural  efforts  of  excellence  equal  to  those 
whereof  we  have  been  speaking.  Before  the  invasion,  however,  of  Edward  III.  and  in  the 
provinces  at  a  distance  from  the  scene  of  waHare,  the  earlier  part  of  the  fourteenth  century 
produced  some  beautiful  churches,  among  which  was  that  of  St  Ouen  at  Rouen,  a  work 
celebrated  no  less  for  the  beauty  of  its  composition  than  for  tlie  remarkable  skill  and  de- 
licacy exhibited  in  its  execution.  It  was  b^un  under  the  abbot,  Jean  Marc  d' Argent  in 
1318,  but  not  finished  till  near  the  middle  of  the  following  century.  Under  Charles  V., 
whose  valour  and  policy  procured  for  France  a  more  favourable  aspect  in  the  affairs  of  the 
country,  many  buildings  of  importance  were  undertaken  and  completed.  The  principal 
edifices,  however,  of  tins  monarch  were  of  a  nature  civil  and  military  rather  than  religious. 
The  Bastile  and  the  castle  of  Vincennes  were  finished  by  him ;  in  the  latter  whereof  he 
founded,  about  1 379,  a  very  beautiful  chapel,  on  the  model  of  the  Sainte  Chapelle  at  Paris. 
The  Chatelet,  the  walls  of  the  city  near  the  Porte  St  Antoine,  the  chateaux  of  St.  Germain 
eaa.  Laye,  Montargis,  and  Creil,  were  constructed  by  him,  as  also  many  improvements  and 
additions  at  the  Louvre.  Cluurles  VI.  was  more  interested  in  preparations  for  the  invasion 
of  England  than  in  the  patronage  of  architecture :  he  nevertheless  caused  the  erection  of  the 
abbey  of  Bonport  and  some  other  edifices. 

312.  Though  in  the  fourteenth  century  the  style  of  the  thirteenth  did  not  altogether  dis- 
appear, its  character  gradually  altered,  especially  in  the  continuation  of  the  muUion  work 
over  the  heads  of  the  windows,  which,  firom  being  ornamented  with  six  foils  or  roses,  were 
now  branched  out  into  the  form  of  leaves ;  and  the  compartments  of  the  circular  windows  in 
transepts,  and  at  the  end  of  naves,  underwent  a  great  change  in  their  composition,  often 
extremely  fanciful.  The  vaultings  of  the  roofs,  too,  were  much  more  highly  decorated. 
AU  these  alterations  took  place  at  nearly  the  same  period,  or  a  short  time  after,  in  England, 
whose  prosperity  then  enabled  the  artist  to  carry  them  to  a  much  higher  state  of  perfection 
and  mi^gnificence,  as  will  hereafter  be  shown. 

313.  The  fifteenth  century  was  not  more  fevourable  to  the  practice  of  architecture  in 
France  than  the  fourteenth  had  been.  It  produced  few  buildings,  nor  was  it  indeed  pro- 
bable that  any  of  grandeur  and  importance  could  have  been  undertaken  and  carried  on 
during  the  constant  and  sanguinary  contests  which  concluded  with  the  expulsion  of  the 
English  from  its  shores,  by  which  the  monarchy  firom  its  most  abject  d^radation  was  once 
more  restored  to  vigour  and  prosperity.  "  The  architectural  taste  of  this  age,*'  says  the 
author  whom  we  have  so  much  quoted,  *'  resembled  the  contemporary  style  of  England 
and  other  countries.  Many  instances  of  tracery  may  be  remarked,  especially  in  sepulchral 
monuments  and  chapels ;  but  the  distracted  condition  of  France  afforded  little  leisure  to 
her  inhabitants  for  works  of  piety  and  genius ;  and  prevented  them  from  adding  to  the 
sumptuous  structures  of  their  ancestors  any  great  example  of  that  superlative  beauty  or 
richness  which  characterise  the  architecture  of  England  at  this  period.**  The  time,  in  fact, 
had  arrived  when  it  was  to  be  superseded  altogether  by  the  disposition  which  soon  became 
universal  in  Europe  for  returning  to  an  imitation  of  the  works  of  the  ancients,  which,  begun 
by  the  artists  of  Italy,  was  soon  carried  into  every  other  country  where  civilisation  had  a 
footing. 

314.  Our  notice  of  pointed  architecture  in  France  we  shall  close  with  a  short  notice  of 
the  cathedrals  of  Rheims  and  Amiens,  which,  with  Mr.  Whittlngton,  we  are  of  opinion  arc 
two  of  the  finest  examples  of  the  style  in  the  world.  The  former,  which  was  not  quite 
finished  till  1440^  is  in  the  form  of  a  Latin  cross  on  the  plan ;  its  length  from  east  to  west 
is  492  ft.,  and  its  breadth,  measured  to  the  extremities  of  the  arms  of  the  transepts,  is 


128 


HISTORY  OF  ARCHITECTURE. 


Book  I. 


190  ft.  The  interior  is  divided  longitudinally  into  a  nave  and  choir  with  aide  aides. 
The  width  of  the  transepts  is  98  ft.,  which  is  equal  to  that  of  the  body  of  the  church ;  and 
the  transepts,  like  the  nave  and  choir,  have  their  side  aisles.  The  western  front  is  composed, 
as  usual,  with  three  entrances,  the  centre  one  being  the  largest ;  the  three  being  crowned 
with  pointed  arches  and  high  pediments  with  their  crockets  and  finials.  The  buttresses  of 
the  front  rise  between  these  pediments,  terminating  in  slender  pinnacles.  Over  the  centre 
door  is  a  very  magnificent  circular  window,  with  radiating  mullions,  terminated  at  the  cir> 
cumference  by  pomted  arches.  Over  each  side  portal  rises  a  square  tower,  decorated  in 
the  first  story  with  windows,  and  in  the  second  with  a  canopy  which  extends  horizontally 
throughout  the  facade ;  the  height  of  the  towers  being  270  ft.  from  the  ground.  The 
portab  are  of  the  most  superb  description,  the  sofites  of  the  arches  being  masses  of  canopy 
work,  exquisitely  formed  and  elaborately  finished.  This  work  was  planned  and  begun  in 
1215,  at  which  time  the  pointed  architecture  of  England  was  by  no  means  so  advanced 
towards  perfection  as  it  was  on  the  Continent,  the  cathedral  of  Salisbury  having  been  com- 
menced 15  years  later. 

315.  The  cathedral  of  Amiens  has  always  been  the  admiration  of  travellers,  and  '*  claims, V 
says  Whittington,  **  our  attention,  as  it  seems  to  throw  a  very  strong  light  on  the  history  of 
that  style,  which  has  so  long  been,  and  probably  will  continue  to  be,  distinguished  by  the 
contemptuous  epithet  [Gothic]  it  at  present  bears."  The  date  of  the  cathedral  of  Amiens 
having  been  correctly  ascertained,  and  nearly  coinciding  with  that  of  Salisbury,  it  is  &ir  to 
compare  the  contemporary  styles  from  these  two  examples.  They  were  begun  in  the  same 
year  1220,  and  the  original  plans  in  both  were  carried  through  without  mixture  of  the 
styles  that  succeeded  before  their  completion.  We  entirely  agree  with  Whittington,  that  of 
the  two,  Amiens  is  in  a  more  perfect  and  advanced  state  of  art  than  Salisbury,  and  that  the 
French  were  before  us  in  adding  to  the  simple  beauties  of  the  former  period  many  graces 
which  we  did  not  adopt  till  the  latter.  In  England  the  prominent  feature  of  the  thirteenth 
century  was  the  highly  pointed  arch,  struck  from  two  centres,  and  including  an  equilateral 
triangle  from  the  springing  to  the  crown  or  apex  of  the  arch ;  and  another,  as  Bentham 
{Hi§t.  of  Ely)  well  observes,  is  the  employment  of  Purbeck  marble  pillars,  very  slender,  and 
encompassed  by  nuirble  shafts,  a  little  detached,  and  a  profusion  of  small  columns  of  the 
same  stone  in  the  ornamental  parts  of  the  building.  These  peculiarities  are  found  in 
Amiens,  the  arches  of  whose  aisles  resemble  those  of  Salisbury  and  Westminster,  as  do  the 
pillars.  The  vaulting,  moreover,  is  like  that  of  Salisbury.  In  plan,  proportion,  and  orna- 
ment, however,  the  general  character  of  the  building  differs  very  materially.  As  respects 
the  first,  the  aisles  to  the  transepts,  the  double  ones  on  each  side  of  the  choir  whose  end  is 
so  beautifully  terminated  by  a  semicircular  colonnade,  are  differences  from  Salisbury ;  the 
number  of  columns,  too,  exceeds  that  used  in  our  churches  of  the  same  date,  and  produces 
an  infinitely  richer  effect.  The  dissimilarity  is  continued  in  the  proportions  of  the  whole 
cathedral,  and  especially  in  the  height  in  relation  to  the  width,  that  of  the  pillars  to  the 
width  of  the  arches,  and  in  many  other  details.  It  is  nevertheless  in  the  ornamental  part 
that  the  chief  difference  exists,  and  most  particularly  in  the  hosts  of  saints,  prophets,  mar- 
tyrs, and  angels,  which  line  the  doors,  cover  the  walls,  and  cluster  round  the  pinnacles. 
There  is  nothing  in  the  church  of  Salisbury  which  approaches  this.  We  have  not,  however, 
space  to  pursue  the  subject,  and  shall  therefore  close  it  with  a  comparison  of  the  re^>ective 
dimensions  of  the  French  with  the  English  church. 


Direction  of  Dimensions. 


Length  from  east  to  west        -  .  .  . 

—  from  the  west  door  to  the  choir 

—  of  the  choir     -  .  .  .  . 

—  of  the  space  behind  the  choir  to  the  Lady  Chapel 

—  of  the  Lady  Chapel      .... 

—  of  the  transepts  from  north  to  south     . 
Breadth  c^the  nave     -  .  .  .  . 

—  of  the  transept  .... 
~-     of  the  side  aisles  .... 

—  of  the  windows  .... 

—  of  the  nave  and  side  aisles         ... 

—  of  the  west  front  .... 
Height  of  the  vaulting  of  the  nave       ... 

—  of  the  side  aisles  of  the  nave     ... 

—  of  the  side  usles  of  the  choir   ... 

—  to  the  sofllt  of  the  grand  arches  -  <* 


Salisbury. 

Amiens. 

Feet. 

Feet. 

452 

444 

246 

235 

140 

139 

} "{ 

19 

48 

210 

194 

341 

46 

46 

171 

19 

48 

44 

102 

84 

115 

160 

84 

141 

} »{ 

65 
62 

78 

83 

316.  A  more  amusing  instance  of  the  value  of  the  investigation  of  architectural  subjects 
by  literary  men  cannot  be  referred  to,  than  that  of  Gray  the  poet  having  compared  the 
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eatbedriJ  of  Amiciu  with  ttut  of  CuilerbuTf  j  betwaen  wliioh  lUucturei  tbera  J*  not  th« 
inuJIeM  poiot  of  T«cmbl*nc«,  except  in  their  both  bein^  built  for  leligimu  purpoeei.  The 
ehureb  at  Aniieni  sififrred  duHng  the  Hevalution  eoniidenbly  !«■  than  uijr  of  the  other 
French  churebea  d  imporUoee. 

S 1 7.  In  oloong  the  view  of  the  painted  (rchitecture  of  Frwoe,  it  nwy  be  tiselul  to  add  ■ 
ItMofe&vof  the  cathedral  churebea  in  that  country,  with  tbnr  date*  and  architect*,  bebr* 
the  end  of  the  thirteenth  centurj. 


cmrck. 

D>t<. 

Af=hii«a. 

Chartn* 

I0» 

Fulber. 

Chaxilf  *ur  Lture 

J0£6 

Gerard. 

Clugny 

1070 

Hugua. 

Notre  Dame,  Pvii        . 

1161 

MauHccde  Sully.      Fini^»d  bj  Jean  de 

Bee       -             -              -              - 

laia 

Ingelrarome,       Finished    by  Walter   de 

nheiim  Cathedral 

ISIJ 

Huguti  Libergiir.     Completed  bj  Ro- 
bert de  Couey. 

Rouen       ditto 

isie 

IS90 

Sainte  ChapeU*  d*  Pari* 

IS45 

Lyo»r^    - 

1S70 

Robert  de  Luiarcho 

Notre  Dane  de  Manta 

leso 

Eudea  de  Montreuil. 

St.   Gerauin     dea    Prth     P-rii 

ChapdrfourL*!,  . 

1S88 

de  Mdntereau  in  1337. 

318.    The  pointed  arch  ia  found  throughout  Italy,      W 
great  difleteooc  in  the  dmea  of  it*  iDtroduction  into  the  v* 

earlieil  cianple  in  Italy  ii  belieied  lb  be  the  ohurch  of  ...      

cathedral*  at  Onieto  and  Senna,  and  Knne  beautiAil  eiunple*  at  Verona,  Vicenia,  and 
Vitarbo,  ihoir  that  it  preralled  in  Italy  with  many  modifieationa.      It  ia  not  oecesaary  to 
piimie  it*  hiatory  merely  vith  reference  to  (his  country  ;  and  we  ahall  therefore  content 
ounelvea  with  a  ahort  account  of  the  principal  structure  in  it  whioh  exhibit*  the  style. 
Tb*  cathedral  at  Milan  ijig.  160.)  wita  begun  in  ISftG,  and  fini>hed  in  1387.      It  ia  eon- 
atructed  of  white  marble.      The  plan  i> 
a  Latin  eroea.    the    tranaepta   extending 
but  little  beyond  the  walla  of  the  church. 
From  vest  to  east  it*  length  ia  490  ft.,  and 
iUMtreme  breadth  295.    Each  extremity 
of  the  western  front  ha*  a  amsU  square 
tower  43  ft  wide  in  each  direction.     The 
length  of  the  nave  ia  S79  ft,  and  its  width 
1<>7  ft.      It  ii  divided  longitudinally  into 
a  central  and  four  fide  aislea,  and  lighted 
by  Rre  cupola*,      llie  transepts  are  also 
divided  into  a  centra]  and  two  side  aisles, 
in  the  direction   of  their  length.      The 
eastern  end  of  the  church  i«  termioatsd 
I    by  three  tide*  of  an  octagon.      The  ar- 
chitecture of  the  doors  and  windows  of 
71*.  MS.  mipui.  IT  aiui.  'I"*  »e*lem  ftoTA  is  of  Italian  or  Roman 

style,  and  was  executed  at  a  late  pe- 
riod i  but  the  wbole  of  it  ends  upwards  in  a  great  gable  or  pediment,  taking  in  the  ex. 
(rame  width  of  the  eleratian.  Ita  apei  is  170  ft.  from  the  pavement,  and  the  sloping  aide* 
arc  oraoDUDted  with  tabernacle  work.  The  towera  at  the  angle*  are  995  ft  high,  and 
are  horinotally  divided  into  ni  stories,  which,  ■*  they  rise,  gradually  diminish  in  breadth. 
the  last  Gnming  a  amall  pyramidal  spire.  The  Hacea  of  the  towera  are  encrusted  with 
tabernacle  work,  and  canopied  statue*  standing  on  corbels.  In  the  third  story  irom  the 
bottom  a  painted  window,  **iiaraled  into  three  difiiiona  by  mullions,  is  introduced.  The 
rest  of  the  tafade  i*  veitieaUy  divided  by  buttresses  into  Ave  parts,  the  buttresses  being 
ornamented  with  statue*  on  corbels,  and  terminating  in  lofty  pinnacles.  The  central 
lower,  which  staod*  over  the  iDlersection  of  the  troneept*  with  the  nave,  riie*  to  the  hnght 
(^  400  It,  bang  in  general  form  similar  to  those  which  ^pear  in  the  western  lai^ade. 
All  tbi  towersud  pinnacles  are  crowned  with  statues      The  roof  is  covered  entiraly  with 
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blocks  of  marble,  wbieb  are  fitted  together  with  such  exactness  that  they  are  like  one  piece. 
The  principal  architect  of  the  fabric  was  Zamodia,  a  German.  It  roust  be  here  remarked, 
that  the  interior  of  the  cathedral  of  Milan,  which  is  of  the  close  of  the  14th  century,  is  in 
the  same  character  of  style  as  that  which  prevailed  in  France  and  Germany  during  the 
«ra.  Kerricb  (MSS.  Brit.  Mus.)  has  very  truly  said,  that  **  we  have  nothing  which  might 
authorise  a  strict  comparison  with  the  cathedral  at  Milan,  as  to  the  immensity  of  the  work, 
<ir  the  astonishing  and  endless  labour  which  has  been  expended  upon  it.  Without  ascending 
the  roof,  no  idea  can  be  formed  of  the  vast  profusion  of  elegantly  carved  ornaments,  the 
Gothic  work,  or  the  astonishing  number  of  statues  and  alto-rilievos  which  are  found  there ; 
some  very  small,  others  of  a  gigantic  size — generally  speaking  good.  They  possess,  of 
course,  different  degrees  of  merit,  as  having  been  made  in  different  ages.  There  is  a  sin- 
gular application  of  them,  which  is  seen  I  believe  no  where  else  —  they  stand  upon  the 
very  summit  of  pinnacles  and  flnials.  The  louvre  in  the  centre  of  the  church  is  very  large, 
and  of  grand  effect,  but  is  disfigured  by  a  wooden  spire.  The  flying  arches  are  literally 
feathered  with  crockets."  We  subjoin  a  table,  with  the  dates  and  architects,  of  some  of  the 
principal  cathedrals  of  Italy,  in  which  the  pointed  arch  is  found  :  — 


Place. 

Date. 

Architect  or  Founder. 

Genoa      ... 
Messina  ... 
Palermo,  Monte  Rcale 
Benevento 
Padua      • 

Arezzo     ... 

Orvieto    .         .         - 
Naples     ... 
Sienna      ... 
MiUn       . 

1125 

1180'1 

1185J 

1198 

1231 
ri240to1 
t.1260      J 

1290 

1260 

1338 

1387 

Founded  by  Martino  Doria. 

Founded  by  Ruggiero,  Count  of  Sicily,  in  1 100. 

Bishop  Ruggiero,  nephew  of  the  last 
Nicola  da  Pisa. 

Lapo,  a  German. 

Lorenzo  Maitani. 
Giovanni  da  Pisa. 
Lapo  da  Siena. 
Zamodia. 

319.  In  the  church  of  San  Lorenzo  at  Genoa  appears  a  strange  mixture  of  styles  :  the 
nave  is  separated  from  the  aisles  by  Corinthian  columns,  connected  by  pointed  arches,  and 
bearing  an  horizontal  entablature,  above  which  reigns  an  arcade,  whose  supports  are  alter- 
nately columns  and  piers.  The  internal  appearance  of  the  church  is  singular,  from  the 
courses  of  the  masonry  being  alternately  of  white  and  black  marble.  The  cathedral  at 
Palermo  seems  to  indicate  a  Moresque  as  well  as  pointed  style,  and  is  a  curious  example, 
whereof  the  representations  will  convey  a  much  better  idea  than  a  description  here,  which, 
however,  we  sliould  not  decline,  if  the  subject  had  not  already  been  placed  fully  before  the 
reader.  Every  example  within  the  range  of  Moorish  dominion  unites  to  prove  the  hypo- 
thesis  on  which  we  have  relied. 

320.  In  the  splendid  cathedrals  of  Spain  a  style  prevails  wherein  we  find  almost  an 
amalgamation  of  Saracenic  with  that  which  prevailed  in  Europe  after  the  introduction 
of  the  pointed  arch.  That  at  Seville,  which  was  raised  near  the  end  of  the  ISth  century, 
is  420  fi.  long,  273  ft  broad,  and  126  fl.  high.  Hie  choir  is  in  the  centre  of  the  church  ; 
and  the  interior,  though  as  respects  the  plan  unintelligibly  split  into  small  parts,  pos- 
sesses  features  of  extraordinary  beauty,  llie  celebrated  GiraJda,  ox  bell-tower,  seated  at 
one  angle  of  it,  is  perhaps  the  most  picturesquely  designed  campanile  in  Europe.  The 
lower  part,  being  200  of  the  300  fl.  in  height  to  which  it  rises,  was  built  by  the  Moors  to- 
wards  the  end  of  the  10th  or  beginning  of  the  1 1th  century.  It  contains  a  staircase  of  so 
easy  ascent  that  two  horsemen  may  mount  abreast  more  than  half  way  towards  its  sumniit. 
The  cathedral  at  Burgos  is  another  exquisite  specimen  of  the  art  in  Spain,  and  has  always 
been  considered  among  the  best  examples  of  Europe  in  the  pointed  style,  which  cm  the 
Continent  was  always  more  exuberant  in  ornament  than  in  this  country.  It  has  two  towers 
ending  in  spires  at  its  west  end ;  and  firom  the  central  part  of  the  edifice  a  square  tower  of 
great  beauty  rises,  whose  sides  are  ornamented  with  eight  pinnacles.  The  parts  of  this 
cathedral  are  elaborate,  and  finished  with  extraordinary  attention  to  detail.  At  the  eastern 
end  an  octagonal  building  is  seated,  crowned  with  a  pyramidal  roo£  This  church  u  said 
to  have  been  executed  on  the  designs  of  John  and  Simon  of  Cologne,  after  1442. 

321.  Portugal  produces  a  number  of  examples  of  the  pointed  style,  one  whereof,  the 
church  of  Batalha  {fig.  1 61 . ),  is  of  the  most  magnificent  description.  We  always  differ  with 
reluctance  from  Dr.Milner,  and  especially  in  the  case  of  the  Batalha,  which  he  considers  only 
a  pleasing  variety  of  Gothic  architecture,  and  not  to  be  put  in  competition  with  many  of  the 
contemporary  buildings  in  other  parts  of  Europe  on  the  general  principles  of  sublimity  and 
beauty.  Our  opinion  is  directly  the  reverse.  The  church  at  Batalha  is  416  ft.  in  length,  and 
541  ft.  from  north  to  south  including  the  monastery.   Its  plan  is  that  of  a  Jjatin  cross,  and  the 
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whieii  ii  oooilrueted  entirelji  of  * 
King  John  {fig.  i6S.}>  '^lOM  piei 


■cb  lide,  the  eastern  end  ter- 
minating in  three  rideiDf  an  octagon,  l^e  aisle* 
are  equal  in  height  to  the  nave ;  the  tbuIIs  oT  both 
being  groined,  and  springing  from  clustered  pillars. 
The  side  walls  have  tiro  tiers  of  pointed  windows; 

ture  equal  to  two  thirds  of  their  span,  and  those 
above  equal  to  three  fourths  of  it.  The  windows 
are  splayed  towards  the  interior,  their  sides  being 

wheiefrom  stems  are  produced  which  meet  at  the 
top  of  the  ftp«ture.  Each  window  is  in  three  divi- 
sions, separated  b;  upright  mullions,  and  ending  in 
trefoil  heads.  8ii  quatretbils  are  introduced  be- 
tween the  tops  of  the  last  and  the  intrados  of  the 

proportion  to  their  height,  and  terminate  in  lancet 
heads.  The  main  walls  an  crowned  bj  pierced 
battlements  with  pinnacles  The  lower  is  oc- 
tagonal on  the  plan,  and  receives  a  anuill  open- 
worked  pyramidal  spire.  Attached  to  this  cliurcb, 
e  marble,  is  the  extremely  beautiful  mausoleum  of 
1  spire  reminds  one  of  Ihtne  in  Normandy  and  Ger- 
many, and  gives  anotber  instance  of  the  universal 
consent  of  the  age  in  carrying  pointed  architec- 
ture to  the  utmost  limits  of  decoration  ;  a  desire 
which,  connected  with  the  changes  of  the  times, 
led  to  its  abandonment  very  soon  after  it  seems 
to  have  reached  the  maai  of  peifection. 

332.  We  here  leave  the  subject  of  pointed  ar- 
chitecture,  not  without   regret,  because  we  are 

than  the  limits  here  prescribed  is  necessary  to 
do  justice  to  it ;  but  that  regret  U  lessened  on 
reflecting  tliat  in  a  subsequent  section  we  shall 
have  to  consider  it  under  the  head  of  architec- 
ture in  the  British  Isles.  The  first  crusade,  it 
is  to  be  observed,  wis  in  1096,  about  a  century 
after  which  the  ptnoted  style  was  approaching 
perfection  on  the  Continent ;  the  last,  or  eighth 
cruaade,  was  in  1270;  and  it  is  curious  enough 
to  observe  that  in  about  a  cvntury  thereafter 
the  eipiring  effort  in  that  style  appears  in  the 
cathedral  at  Milan.  There  seems  to  have  been 
a  series  of  WDiea  of  art  impinging,  like  those  of 
on  the  taste  of  Europe,  and  not  telt  immediately, 
but  in,  a*  it  were,  the  dislanoe  of  tbe  original  wave  from  its  destination ;  for  it  is  certain 
that  tbc  British  Isles  were  behind  the  rest  of  Europe  in  its  adoption.  And  this  we  think 
another  ntisfaetor;  reason  tot  asugning  the  origin  of  the  pointed  arch  to  tbe  East. 


Sas.  The  period  to  which  we  have  advanced  in  the  architecture  of  Italy  is  seen  in  the 
last  Btction  :  we  have  now  to  commence  a  new  era  in  the  art,  which,  dawning  in  Florence, 
soon  %pnmA  its  meridian  light  over  Italy  and  tbe  rest  of  Europe.  Tbe  French  have  well 
applied  the  term  maissanu  to  its  commencement.  It  is  with  us  denominated  that  of  the 
irriBol  id  the  art*.  The  Florentines  had  at  an  eaily  period,  according  to  Villani.  de- 
termined to  erect  in  their  city  a  monument  which  should  surpass  all  that  had  before 
appnred  ;  and  in  IS98  Amolfo  di  Lapo,  according  Id  Vasari,  hut  according  to  Molini 
Aradfo  di  Camino  da  Colic,  to  whom  th^  conAded  its  execution,  had  so  prepared  his 
plaa  that  its  (bundations  were  in  that  year  lud,  on  the  day  of  the  feast  of  the  Nativity, 
and  tbe  name  of  Sta.  Maria  del  Fiore  was  then  given  to  it.  This  cdifiec,  though  com- 
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menced  long  before  the  revival  of  the  arts,  seems  to  have  been  conceived  by  its  architect  in 
an  original  style,  forming,  as  it  were,  a  mean  between  the  pointed  and  ancient  style. 
It  is  therefore  one  of  particular  interest  and  instruction  in  the  history  of  architecture,  and 
one  wherein  we  find  a  construction  in  which  preparation  was  made  for  changing  the  style 
then  prevalent  into  one  sanctioned  by  the  ancient  principles  of  the  art ;  and  it  is  certain  that 
it  was  the  first  which  gave  the  hint  for  the  grandest  monuments  of  modern  architecture. 
Fig,  163.  shows  the  plan,  andyS^.  164.  the  half  section  and  half  elevation  of  it     The  walls 
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i^re  almost  entirely  cased  with  marble.  The  whole  length  of  it  is  454  feet ;  from  the  pave- 
ment to  the  summit  of  the  cross  is  nearly  387  feet ;  the  transept  is  nearly  334  feet  long ; 
the  height  of  the  nave  153  feet,  and  that  of  the  sides  aisles  96^.  Between  the  period 
of  the  beginning  of  the  edifice  and  that  in  which  its  completion  was  entrusted  to  BruneU 
leschi,  many  architects  of  great  talent  had  been  employed  in  carrying  on  the  works :  among 
whom  we  find  the  names  of  Giotto ;  Taddeo  Gaddi ;  Andrea  Orgagna,  a  man  of  extra- 
ordinary powers,  as  his  Loggia  in  the  Piaxza  at  Florence  amply  testifies ;  and  Filippo  di 
Lorenzo.  The  revival  of  architecture  is  so  connected  with  the  life  of  Brunelleschi,  tiiat  a 
few  passages  in  the  latter  will  assbt  us  in  giving  information  on  the  former.  He  was 
bom  in  1377,  and  by  his  fether  Lippo  Lippi,  a  notary  of  Florence,  was  intended  to  succeed 
him  in  his  own  profession ;  but  the  inclination  of  the  youth  bent  towards  the  arts,  and  the 
parent  with  reluctance  yielded  to  it,  and  placed  him  with  a  goldsmith,  an  occupation  then 
so  connected  with  sculpture  that  the  greatest  artists  of  the  time  applied  themselves  to  the 
chasing  and  casting  ornaments  in  the  precious  metals.  Brunelleschi,  though  skilful  as  a 
sculptor,  had  many  rivals ;  and  ambitious,  it  would  seem,  to  be  the  first  in  the  art  to  which 
be  should  apply  his  powers,  determined  to  devote  himself  entirely  to  architecture,  in  which 
the  field  was  then  unoccupied.  In  company  with  Donatello  he  therefore  visited  Rome, 
and  applied  himself  with  ardour  to  the  study  of  the  ruins  in  the  Eternal  City ;  and  what  was 
said  by  Constantius  on  seeing  the  forum  of  Tnuan,  as  related  by  Ammianus  Marcellinus, 
might  be  truly  said  of  Brunelleschi : — '*  Haerebat  attonitus  per  giganteos  contextus  cir- 
cumferens  mentem,  nee  relatu  afTabiles,  nee  rursus  mortalibus  appetendos.**  It  was  in 
Rome,  though  he  never  communicated  his  thoughts  on  the  subject  to  his  friend  Donatello, 
that  he  began  to  meditate  upon  the  scheme  of  uniting  by  a  grand  cupola  the  four  naves  of 
the  Ouomo  at  Florence ;  a  project  which  till  his  time  was  considered  almost  impossible. 
During  his  residence,  also,  he  traced  and  settled  in  his  mind  the  proportions  of  the  orders 
of  architecture  from  the  classic  examples  which  the  city  afforded.  Here  it  was  that  he 
studied  the  science  of  construction  as  practised  by  the  ancients :  from  them  he  learnt  that 
perfect  accordance  which  always  exists  between  what  is  useful  and  what  is  beautiful,  both 
of  which  are  reciprocally  subordinate  to  each  other.  Here  he  discovered  the  principles  of 
that  qice  equilibrium,  equally  requisite  for  the  beauty  no  less  than  for  the  solidity  of  an 
edifice.  In  short,  throughout  he  found  '*  sermons  in  stones ;  *'  and,  having  thus  qualified 
himself  for  the  great  work  he  sought,  returned  to  Florence  in  1407.  In  this  year  the 
citisens  convoked  an  assembly  of  architects  and  engineers  to  deliberate  upon  some  plan  for 
finishing  the  Duomo,  as  Sta.  M.  del  Fiore  is  usually  called;  a  name  given  to  the  cathedrals 
of  the  cities  of  Italy.  To  this  assembly  Brunelleschi  was  invited,  and  gave  his  advice  for 
raising  the  base  drum  or  attic  story  upon  which  the  cupola  should  be  placed.  It  is  not 
important  here  to  detail  the  jealousies  of  rivals  which  impeded  his  project ;  nor,  when  the 


CDBu&inoo  wmi  at  length  confided  to  him,  the  diigraceful  auignTiient  to  him  of  Lorenzo 
GhibCTti  ■■  ■  eolleeguei  vhoie  incmpicitj  for  luefa  ■  toik  our  mrchitect  toon  in«de  manifest. 
Safflce  it  to  ny,  that  before  hii  death  he  hid  the  utLi&ction  to  He  the  cupola  finiihed, 
with  the  exception  of  the  exterior  of  the  drum  under  the  cupola ;  for  irhoK  decoratioo,  aa 
wdi  ■■  fbr  the  lantern  with  which  he  proposed  to  crown  the  edifice,  he  left  denrni,  which, 
howerer,  were  lost.  One  of  the  directioni  he  left  on  his  death  particularly  inntted  upon 
dkc  neeeKilj  of  following  the  model  he  had  prepared  for  the  lantern,  and  that  it  *ai  es- 
■Bitial  that  it  ibould  be  conitrucUd  of  large  blocks  of  mu-ble  lo  a>  to  prevent  the  cupola 
from  opening ;  an  adTice  which  experience  hai  Bince  proved  in  other  caaei  to  be  far  from 
ainiiid.  Thii  cupola  i>  octagonal  on  the  plan,  ■>  will  be  Men  bj  reference  lo  the  figure*, 
hkI  ia  13S  feet  G  iuchei  in  diameter,  and  from  the  cornice  of  the  drum  to  the  eye  St  the 
dome  of  the  height  of  1 33  feet  3  inchea.  Before  it  nothing  had  appeared  with  which  it 
eoold  be  Eurly  put  in  companion.  The  domei  of  St.  Mark  and  that  at  IHh  are  far  below 
It  in  grandeur  and  limplicity  of  construction.  In  lixe  it  only  yieldi  to  St.  Peter'i  at 
lUnte,  fbr  which  it  ii  probable  it  urred  ax  a  model  to  Michael  Angelo  i  for  in  both,  the  inner 
■nd  outer  cupolas  are  connected  in  one  arch  at  their  springing.  It  ii  moreorer  well 
known  that  Buonarroti'*  admiration  of  it  was  so  great  that  he  uaed  to  say  that  lo  imitate 
H  wai  indeed  difficult,  to  surpass  it  imposdble.  Vasari's  testimony  of  it  shall  close  our 
account  of  this  magnificent  structure;  — "  Se  puo  dir  e«rto  che  gli  aniichi,  non  andarono 
nai  tanto  alto  con  lor  bbiiche,  ne  u  mesiono  a  un  riuco  tanio  graodt,  che  eglino  Tolesuno 
enmbattere  col  eielo,  come  par  Teramenle  ch'  ella  combatta,  veggendosi  elTa  eilollere  in 
taut'  altena  che  i  monti  intomo  a  Fiorenu  paiono  gimili  a  lei.  E  nel  vero  pare,  che  il 
eielo  ne  abbia  invidia  poiche  di  continuo  le  uctie  tutlo  il  giomo  la  pereuotono."  It  might 
be  supposed  that  such  a  work  was  lufBciEnt  to  occupy  the  whole  of  Brunellesehi's  lima ; 
■Mao:  tha  Duke  Filippo  Maria  engaged  him  on  the  fortifications  at  Milan,  beaidei  whiob 
K  9 


134 


HISTORY  OF  ARCHITECTURE.  Book  L 


he  was  employed  on  several  other  military  works ;  a  proof  of  the  great  diversity  of  talent  he 
possessed.  It  is,  therefore,  from  the  extensive  employ  he  ei\}oyed,  not  only  in  Florence, 
but  in  many  other  parts  of  Italy,  quite  certain  that  he  infused  a  new  taste  into  its  buildings, 
and  that  he  is  justly  entitled  to  the  title  of  the  Restorer  of  Architecture  in  Europe.  He 
died,  and  was  buried  in  the  church  he  had  raised  in  1444.  He  left  a  number  of  scholars, 
among  whom  Luca  Fancelli  and  Michelozxo  were  perhaps  the  ablest.  Tliese  pupils  spread 
throughout  Italy  the  effects  of  the  vast  change  that  had  been  thus  begun ;  a  taste  for  archi. 
tecture  was  excited  ;  its  true  principles  became  known;  and  in  a  short  space  of  time,  as  if 
the  matter  had  been  one  of  arrangement  between  them,  the  illustrious  house  of  Medici,  the 
dukes  of  Milan,  and  the  princes  and  nobility  of  the  country  contended  who  should  most 
patronise  its  professors.  The  learned  began  to  expound  to  artists  the  books  of  Vitruvius, 
the  only  writer  among  the  ancients  whose  works  on  that  subject  have  come  down  to  us. 

324.  Leo  BattisU  Alberti,  of  the  ancient  and  illustrious  family  of  the  Albert!  of 
Florence,  succeeded  Drunelleschi  in  carrying  on  the  great  change  of  which  we  have  l>een 
speakinff,  and  was,  indeed,  a  great  contributor  to  the  art,  not  only  by  his  literary  labours 
on  architecture,  in  which  he  displays  profound  erudition,  knowledge  of  construction,  and 
an  intimate  acquaintance  with  the  works  of  the  ancients,  but  also  by  the  distribution,  ele- 
gance, grace,  and  variety,  which  his  designs  exhibit.  His  book,  De  Re  Edifieatorid,  is  the 
ibundation  of  all  that  has  been  since  written  on  the  art,  and  deserves  careful  perusal  by 
every  one  who  studies  for  the  purpose  of  practice.  We  shall  here  present  a  short  account 
of  it,  which,  in  imitation  of  Vitruvius,  he  divided  into  ten  books. 

325.  The  f^r$t  book  treats  on  the  origin  and  utility  of  architecture ;  the  choice  of  the 
soil  and  situation  for  placing  buildings ;  the  preparation,  measurement,  and  suitable  divi- 
sion according  to  their  nature,  of  the  edifices  to  be  erected ;  of  columns  and  pilasters ;  of 
the  different  kinds  of  roofs,  doors,  and  windows,  their  number  and  sise ;  of  the  different 
sorts  of  staircases  and  their  landings  ;  of  the  sewage  or  drains,  and  of  suitable  situations  for 
them  respectively.  In  the  aeeond  book  the  subjects  are,  the  choice  of  materials ;  the  pre- 
cautions to  be  taken  before  b^inning  a  building  ;  the  models,  of  whatever  description,  that 
should  be  made  ;  the  choice  of  workmen ;  the  trees  fit  for  use,  and  the  season  in  which  they 
should  be  felled ;  the  methods  for  preventing  rot,  and  susceptibility  of  fire ;  of  stone  in  its 
varieties ;  the  different  sorts  of  bricks,  tiles,  lime,  sand,  and  mortar.  The  third  book 
treats  of  construction ;  foundations  according  to  the  varieties  of  soil ;  encroachments ;  the 
carrying  up  and  bond  of  masonry ;  rough  and  rubble  work ;  on  the  different  sorts  of 
masonry ;  on  the  inlaying  and  facing  of  walls ;  on  beams,  joists,  and  the  method  of 
strengthening  them ;  on  floors,  arches,  and  vaults ;  the  covering  of  roofs,  pavements,  and  the 
season  for  beginning  and  completing  certain  works.  The  fourth  book  is  confined  to  the  phi- 
losophy of  the  art,  showing  the  causes  which  influence  mankind  in  the  adoption  of  modes 
of  building  according  to  the  climate,  the  soil,  and  the  habits  or  government  of  a  people.  It, 
however,  treats  of  the  proper  position  of  a  city ;  of  the  size  to  be  given  to  it ;  of  the  form 
of  the  walls ;  of  the  customs  and  ceremonies  of  the  ancients  as  applied  to  this  point ;  of 
fortifications,  bastions  or  towers,  gates  and  ramparts;  bridges,  both  of  timber  and  stone; 
sewers,  ports,  harbours,  and  squares  requisite  in  a  city.  The  fifth  book  contains  in- 
structions for  the  erection  of  palaces  for  peaceable,  and  castles  for  absolute  princes ;  for  the 
houses  required  by  a  republic ;  large  and  small  religious  edifices ;  academies,  public 
schools,  hospitals,  and  palaces  for  senators.  In  it  are  given  some  hints  on  military  and 
naval  architecture,  on  farm  buildings,  and  country  houses.  In  the  sixth  book  Alberti 
treats  on  architectural  ornament,  columns,  and  the  method  of  adjusting  their  proportions. 
After  some  observations  on  the  principles  of  beauty,  on  taste,  and  on  the  mode  of  im- 
proving it,  he  enters  shortly  on  the  history  of  architecture.  These  are  followed  by  several 
chapters  on  the  doctrine  of  mechanics,  machines,  the  method  of  raising  and  working 
columns,  polishing  them,  imitations  in  stucco  and  incrustation  in  thin  layers,  and  matters 
of  that  nature.  The  seventh  book  continues  the  discussion  on  ornaments  in  architecture, 
but  chiefly  in  reject  of  columns,  showing  the  edifices  in  which  the  use  of  them  is  suitable; 
and,  in  imitation  of  Vitruvius  in  his  directions  relative  to  temples,  our  author  dilates  on 
buildings  for  ecclesiastical  purposes.  He  shows  what  sorts  of  columns  and  pilasters  are 
best  suited  to  them,  how  far  the  employment  of  statues  is  proper,  and  how  they  should  be 
sculptured.  The  eighth  book  is  on  roads  and  their  decorations,  tombs,  pyramids,  columns, 
altars,  epitaphs,  &c.  In  it  he  turns  to  the  subjects  of  streets,  cities,  ornaments  appropriate 
to  gates,  ports,  arches,  bridges,  crossways,  markets,  public  squares,  walks,  porticoes,  theatres, 
amphitheatres,  circi,  libraries,  colleges,  baths,  &c. ;  and  the  style  in  which  public  buildings 
should  be  constructed  and  decorated.  The  ninth  book  is  a  continuation  of  the  preceding 
one  ;  but  in  this  he  speaks  in  addition  of  the  appropriate  decoration  of  royal  palaces,  and  of 
the  ornaments  respectively  suitable  to  city  and  country  dwellings,  and  of  the  paintings  and 
sculpture  that  should  be  employed  in  them.  In  the  tenth  and  last  book  the  principal  sub- 
ject is  the  finding  a  supply  of  water  for  buildings  both  in  town  and  country,  and  it  closes 
with  some  useful  hints  on  the  aid  of  architecture  to  domestic  economy.  Tliis  truly  great 
man  constructed  many  works  in  different  cities  of  luly,  some  of  which  still  remain  to 
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attest  his  skill.  We  are  not  to  examine  them  with  the  eye  of  an  architect  flourishing  even 
half  a  century  later,  though  under  tliat  category  they  do  him  honour,  but  with  the  eye 
of  an  artist  of  his  own  day,  and  we  shall  then  find  our  Teneration  for  his  memory  cannot 
be  too  strongly  expressed.  In  Florence  he  finished  the  Pitti  palace,  and  built  the  choir 
of  the  Annunziata.  At  Mantua  he  built  a  church  of  singular  beauty,  consisting  of  a  simple 
nave,  crowned  with  a  vault  decorated  with  eaisMugy  which  rivals  the  works  of  the  ancients. 
The  additions  he  made  to  the  church  of  St  Francesco  at  Rimini,  a  pointed  church,  though 
not  in  the  same  style,  because  it  then  came  into  disrepute,  show  an  extraordinary  aptitude 
for  orerooming  the  most  difficult  and  repulsive  subjects  with  which  an  architect  has  to  deal, 
and  that  work  alone  would  stamp  him  as  a  man  of  genius.  On  his  other  acquirements  it  is 
not  within  our  province  to  dwell ;  we  shall  merely  sum  them  up  by  saying  that  he  was  poet, 
painter,  sculptor,  philoeopher,  mathematician,  and  antiquary.  Such  was  Alberti,  in  whom 
was  concentrated  more  refinement  and  learning  than  have  hardly  since  appeared  in  a  single 
individual  of  our  species.  Hie  time  of  his  death  is  not  accurately  known ;  some  place  it  at 
the  end  of  the  fifteenth,  and  others  at  the  beginning  of  the  sixteenth  century. 

386.  About  the  time  that  Alberti  was  engaged  on  the  practice  and  literature  of  the  art, 
a  very  extraordinary  volume,  written  by  a  member  of  the  Colonna  &mily,  was  published  by 
Aldus,  at  Venice,  in  1499,  folio.  Its  title  is  as  follows :  —  PaiifphiU  Hypnerotomaehia  g 
coma  UaUcA  Km^uA  oonMcriphan  ;  nit  hwmama  omnia  nan  nisi  somnium  esse  docet.  This  work 
deserves  to  be  better  known  than  we  fiear  its  rarity  will  ever  permit.  With  the  singularity 
of  the  plan,  it  unites  the  advantage  of  placing  before  the  reader  many  elevated  and  elegant 
ideas,  and,  under  the  veil  of  a  fable,  of  inculcating  precepts  of  the  greatest  utility  to  artists 
and  those  that  love  the  art.  The  testimony  of  Fellbien  in  fovour  of  this  work  runs  so  fii- 
vound>ly,  that  we  must  transcribe  it : — **  Sans  prejudice,**  says  that  author,  **  du  grand  profit 
qu'on  pent  tirer  de  la  lecture  de  Vitruve,  et  de  I'^tude  qu*on  doit  fidre  de  ses  principes  et  de 
aes  r^lca,  il  ne&ut  pas  moins  examiner  les  tableaux  curieux  de  plusieurs  superbes  Edifices, 
monumens  ou  jardins,  que  IHmagination  riante  et  f^conde  de  Tauteur  du  Songe  a  mis  sous 
les  yeux  de  ses  lecteurs."  When  it  is  recollected  that  the  manuscripts  of  Vitruvius  were 
extremely  rare,  and  that  when  Colonna  wrote  (1467)  that  author  had  not  been  translated,  — 
when  we  reflect  that  in  his  descriptions  he  rears  edifices  as  magnificent  and  regular  as 
those  which  Mtruvius  presents  to  us,  we  cannot  withhold  our  surprise  at  the  genius  and  pene- 
tration of  the  author.  With  him  architecture  appears  in  all  her  majesty.  Pyramids, 
obelisks,  mausolea,  colossal  statues,  circi,  hippodromi,  amphitheatres,  temples,  aqueducts, 
baths,  fountains,  noble  palaces,  delicious  sardens,  all  in  the  purest  taste  and  of  the  most 
perfect  propcvtion,  attend  in  her  train,  ana  administer  to  the  pomp  with  which  the  author 
attires  her.  With  him  all  these  ideal  productions  of  the  art  were  not  merely  the  result  of 
an  ardent  imagination,  but  were  the  fruit  of  an  intimate  acquaintance  with  its  rules,  which 
he  explains  to  his  reader,  and  inspires  him  at  the  same  time  with  a  taste  for  the  subject  of 
his  pages.  He  often  breaks  out  against  the  gross  ignorance  of  the  architects  of  his  day, 
and  endeavours  to  inculcate  in  them  the  sound  principles  of  the  art.  He  demonstrates 
that  it  is  not  enough  that  an  edifice  possesses  stability  and  solidity,  but  that  it  must  be 
imprecsed  with  a  character  suitable  to  the  purpose  for  which  it  is  destined ;  that  it  is  not 
enough  that  it  be  well  decorated,  but  that  the  ornaments  used  arise  firom  necessity,  or  at 
the  least  from  utility.  Architecture  thus  treated  in  fiction  was  much  more  pleasantly 
studied  than  it  would  have  been  by  mere  application  to  the  dry  rules  of  Vitruvius.  The 
impression  made  by  the  work  was  increased  by  the  poetic  glow  with  which  the  precepts 
were  delivered ;  the  allegories  it  contained  warmed  the  imaginations  of  a  people  easily  excited, 
and  Italy  soon  saw  realised  what  PoiyphDus  had  seen  in  a  dream.  This  work  is  decorated 
with  wood  engravings  of  sii^pilar  beauty,  in  which  the  details  and  accessories  are  strictly 
elasriral ;  it  is  written  with  great  spirit  and  elegance,  and  we  are  not  amazed  at  the  magical 
efieet  which,  with  the  accompaniment  of  Alborti's  book  above  mentioned,  it  every  where 
prodnoed. 

327.  The  Italian  school,  which  ultimately  appropriated  and  adapted  the  ancient  Roman 
orders  and  their  detaib  to  comparatively  modem  habits,  was  for  a  long  while  engrafted 
on  or  amalgamated  with  what  isiOsUed  Gothic.  We  here  (Jiff,  165.)  place  before  the  reader 
an  instance -of  this,  in  the  celebrated  Loggia  at  Florence,  designed  by  Orgagna.  The  same 
feeling  appears,  indeed,  in  what  Brunelleschi  did  in  his  Duomo,  and  in  many  other  buildings 
in  Florence,  in  l^sa.  Sienna,  and  other  cities.  Brunelleschi  doubtless  made  a  strong  efl^ort  to 
emancipate  himself  altogether  from  the  mixture  of  two  discordant  styles,  and  in  some  mea- 
sure succeeded.  Still  there  continued,  as  Is  evident  in  the  Ricardi,  Strozzi,  and  other  palaces 
in  Florence,  a  lingering  love  for  the  mixture,  which  the  architects  had  great  apparent  diffi- 
eulty  in  shaking  off.  It  is,  however,  extraordinary  that  with  all  this  lingering  love  for  the 
ancient  style,  in  which  there  was  much  littieness,  when  the  architects  of  this  period  came 
to  the  crowning  members  of  their  edifices,  they  placed  on  them  such  massive  and  finely 
composed  cornices  that  the  other  parts  are  quite  lost;  and  in  this  member  it  b  erident  they 
were  influenced  by  those  feelings  of  unity  and  breadth  that  gave  so  much  value  to  the  best 
works  of  the  ancients. 
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33S.  The  TeviTsl  of  the  arti  in  Italy  wot  *«stl;  lUaistMl  by  the  commerce  utd  richa  at 
tha  country ;  and  with  the  decay  or  that  coQuneice,  nearly  300  yean  afterwardi,  their  palmy 
dayi  were  no  mole :  from  that  time  they  ht.it  aerer  thriven  in  the  country  that  gare 
them  birth.  It  ii  our  intention,  in  this  Tie*  of  Italian  architecture,  lo  conuder  it  under 
tha  three  achooli  -which  reigned  in  luly  —  1.  Tha  Florentine ;  S.  The  Roman ;  3.  Tha 
Veneliun.  ' 

529.  I.  Fbrmtiia  School.  —  Climate  and  the  bsbica  of  •  people  are  the  prinripal  agenta 
in  creating  real  ityle  in  architecture  i  but  tbeoe  are  in  a  great  nuanire  controlled,  or  it  ia 
peihapa  more  correct  to  aay  modified,  by  the  material!  which  a  country  luppliea.  Often, 
mdeed,  theu  latter  restrict  tlie  architect,  and  influence  the  lightoes  or  maiaiTcneu  of  the 
style  lie  adopti.  The  quarriei  of  Tuicany  furnish  very  large  bloclLs  of  stone,  lying  to  cloae 
to  the  surface  that  they  are  without  other  diflieully  than  that  of  carriage  obtained,  and 
removed  to  the  spots  where  they  are  wanted.  This  it  probably  «  circumstance  which  will 
account  for  the  solidity,  monotony,  and  solemnity  which  arc  such  commanding  features  in 
the  Florentine  school ;  and  which,  if  we  may  judge  from  the  colossal  ruins  itill  exist- 
ing, similarly  prevailed  in  the  buildings  of  ancient  Etrurls.  In  later  times  another  cause 
contributed  to  the  continuation  of  the  practice,  and  that  wm  the  necessity  of  affording  places 
of  defence  for  the  upper  ranks  of  society  in  a  state  where  insurrection  continusJly  occurred. 
Thus  the  palacetof  the  Medici, of  the  Pilti,  of  the  Stroiii,  and  of  other  fiunilies,  served  almost 
equally  for  tbrtresaes  as  for  palaces.  The  style  seetostohave  interdicted  the  use  of  columns 
in  the  &9adea,  and  on  this  account  tha  stupendous  cornices  that  were  used  seem  actually 
necessary  tbr  the  purpose  of  imparting  grandeur  to  the  composition.  In  the  best  and  most 
celebrated  eiampies  of  their  palaces,  sucli  as  the  Stroiii,  Pandolfini,  sjid  others  in  Florcoee, 
and  the  Pieolomitxi  palace  at  Sienna,  tha  comieea  are  proportioned  to  the  whole  height  of 
Ihe  building  considered  as  an  order,  notwithstanding  the  horitontal  subdivisions  aniTsniall 
interposed  cornices  that  ara  practised  between  tha  base  and  the  crowning  member.      Til* 


court!  of  thoc  palAccf  Are  uayally  lurtotinded  by  columno  or  Breadei,  mad  their  interior  it 
»c«re«lj  erei  indicaled  by  Ihe  eiteriml  diMributitm.  From  imong  the  extrmortliiwrjr  palace* 
with  vhieh  Florence  mbouiHli,  we  place  before  the  reader  the  exquisite  bf  ade  of  the  Pan- 
doUSni  palace,  tbe  deaign  whereof  (jl;.  166.>U  attributed  to  the  dinnc  RaSiielle  d'Urbioa 


I  alnxiit  all  Ibe  rcquiiitei  of  Mreet  architecture  ire  diiplayed.  It  i>  an  aiampU 
rein  the  pnuniplei  of  that  ttjit  are  lo  admirabl;  dereloiied,  ai  to  induce  ui  to  Tecom- 
il  it,  in  eoojunctioo  with  the  b(ade  of  the  Famete  palace  hereafter  giTen,  to  the 
la  itudf  of  the  young  architect 
330.  Without  tiirther  alluiion  to  the  double  eupola  of  the  Duomo,  already  noticed, 
the  Brat  of  iti  ipeciea,  and  the  prototfpe  of  that  of  St  Peter'i  at  Rome  afterwardi  reared 
by  Michael  Angelo,  the  principles  and  character  of  the  Florentine  ichaol  are  not  » 
maniftit  as  in  its  palaces.  These  uerertheless  postess  great  interest ;  for  they  were  Ihe 
bases  on  which  those  of  the  Roman  school  were  formed,  as  well  as  of  those  exaraple* 
which,  with  diSerent  degrees  ol  purity,  were  alterwardt  erected  in  many  of  the  capitals  of 
Europe.  Betide*  the  plan  of  the  Duomo,  thoseofSt.Michele,  Sta.  Maddelina,  St.  Pancrailo, 
StLorenio,  and  St^irito,  are  the  key  lo  all  eicellence  in  modem  art,  at  reipecU  real 
diurch  arehiteeiure.  It  ia  unfortunate  that  of  this  school  few  of  the  churches  have  been 
iiuahed,  to  that  their  laf^ades  are  generally  imperfect  The  interior  was  properly,  with 
them,  a  matter  to  be  first  considered  and  brought  lo  perfection. 

S3f.  Amongst  the  many  extraordinary  architects  of  the  Florentine  school,  whereof  a 
liH  will  hertaftet  be  gtTCD,  was  Barlolomeo  Ammanali,  whose  bridge,  "  ddta  Saittitrima 
THnili'  tuSiciently  prores  that  the  greatness  of  the  Florentine  school  doc*  not  aknw 
depend  on  its  palaces  and  churches.  This,  one  of  the  most  beantifiil  examples,  as  well 
tot  design  at  comtructiTe  tcience,  in  which  was  obtained  for  the  waters  of  the  Amo  a 
maiimiun  of  waterway,  combined  with  a  beauty  of  form  inappreciable  through  graphic 
means,  still  stride*  the  riier  of  Florence,  to  attest  the  consummate  tkill  of  Ammanati. 
■The  bridge  in  questioo  oontittsof  three  arches  :  the  middle  one  is  96  ft.  span,  and  each  of  the 
others  86  ft  j  the  width  of  the  piers  is  26  ft.  9  in.,  and  the  breadth  of  the  bridge  between 
the  parapets  is  33  ft.  The  arches  are  lery  slightly  pointed,  the  cusp  being  hidden  by  the 
rams'  beads  sculptured  on  the  keystones;  tbeir  rise  aboie  the  springing  it  Terv  little, 
hence  they  hsTe  been  mistaken  by  some  writers  for  cydoidal  arches.  Alfonso  and  Ciulio 
Parigi.  wbo  assisted  in  constructing  Ihe  work,  left  an  account  of  the  mode  in  which  it  was 
carried  on.  aikd  the  manuscript  is  tdll  preserved  in  the  Florentine  Library.  More  recently, 
a  description  of  this  bridge  hat  been  published  by  Ferroni,  under  the  title  of  "  Delia  vera 
Curva  d^li  Archi  del  Ponte  della  Sanliuima  Trinity  di  Firente."  The  Pitti  palace  had 
been  begun  in  the  time  of  Brunelleschi,  in  1435,  for  Luca  Fitti,  a  weallhycititenof  Florence. 
Remaining  long  unfinished,  it  was  at  last  sold  to  Eleonors,  wire  of  Cosmo  I.,  who  pur- 
ebascd  the  adjoining  ground,  and  planted  the  Boboli  Gardens.  About  [be  middle  of  the 
16th  century,  Nicolo  Bracclani,  sumained  Trjbolo,  mode  designs  fiir  finishing  the  building; 
and  was  succeeded  by  Bemsrdo  Buontalenti.  After  him  came  our  Ammanali,  who  left 
other  designs  for  finishing,  which  wot  accomplished  by  Alfimso  and  Giulio  Parigi,  It  is 
now  the  residence  of  the  grand  duke,  and  has  served  at  a  model  for  imitation  to  many  modem 
architects,  though  there  is  in  it  much  to  condemn.  The  details,  however,  and  proportions 
of  ibe  orders  used  in  it  by  Ammanati,  are  very  beautiful.  This  architect  died  in  15B6,  at 
tbe  age  of  seventy-five.  He  was  a  pupil  of  Baccio  Bandinelli,  end  during  hit  life  compmed 
■  large  work,  entitled  La  Cilli,  which  contained  designs  for  all  the  fabrics  belonging  to 
a  rq(ular  and  well-arranged  city,  beginning  with  ihe  gates,  Ihen  proceeding  to  the  palaces 
of  the  prince  and  magittrales,  the  churches,  the  fountains,  Ihe  squares,  the  loggia  fcr  the 
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merchants,  the  bridges,  theatres,  &o.  This  work  appears  to  have  been  lost,  the  last  possessor 
of  it  known  having  been  the  prince  Ferdinand  of  Tuscany.  Though  in  the  higher  re- 
finement of  finished  details  the  Florentine  school  did  not  reach  the  extreme  elegance  of  the 
Roman  and  Venetian  schools,  yet  for  bold  imposing  masses  of  architecture  we  think  no 
city  presents  such  a  collection  of  highly  picturesque  architectural  examples  as  Florence. 
The  Pitti  palace  indeed,  just  mentioned,  is  more  impoong  by  its  broad  parts  than  almost 
any  other  building  with  which  we  are  acquainted,  though  it  becomes  poor  when  trai^slated 
into  French,  as  at  the  Luxembourg. 

332.  So  late  as  1454,  we  find  in  the  Stroxzi  and  other  palaces  semicircular-headed  win- 
dows, wherein  are  half  columns  at  the  sides,  and  a  colunm  in  the  middle,  resembling  those 
in  the  Byzantine  or  Romanesque  edifices.  The  two  apertures  thus  formed  are  crowned  by 
semicircular  heads,  which  are  circumscribed  by  the  outer  semicircle,  and  the  spandrel  formed 
by  the  three  curves  is  occupied  by  a  patera. 

333.  The  period  of  the  Florentine  school,  which  must  be  taken  as  commencing  with 
Brunelleschi,  includes  the  names  of  Michelozso,  Leo  Battista  Alberti,  PoUuuolo  (who  ob- 
tained the  soubriquet  of  Chronaca,  from  his  constant  recital  of  his  travels),  the  architect 
of  the  Stroszi  palace,  Raflaelle  Sanzio,  Benedetto  da  Mqjano^  Baccio  d*Agnolo,  Baocio 
Bandinelli,  Buontalenti,  Ammanati,  and  others :  it  extends  from  4.  n.  1400  to  a.  d.  1600. 
The  works  of  Michael  Angelo,  though  a  Florentine,  do  not  belong  to  this  school ;  neither 
do  those  of  San  Gallo  and  some  others,  who  have  been  improperly  classed  as  Flor«itine 
architects. 

334.  2.  Roman  School. — Though  the  city  of  Rome,  during  the  period  of  the  rise  and 
progress  of  the  Roman  school  of  architecture,  was  not  altogether  free  from  insurrectionary 
troubles,  its  palatial  style  is  fiu*  less  massive  than  that  of  Florence.  None  of  its  buildings 
present  the  fortress-like  appearaitce  of  those  in  the  last-named  city.  Indeed,  the  Roman 
palaces,  tram  their  grace  and  lightness,  indicate,  on  the  part  of  the  people,  habits  of  a  much 
more  pacific  nature,  and  an  advancing  state  of  the  art,  arisipg  fnrni  a  more  intimate  ac- 
quaintance with  the  models  of  antiquity  which  were  on  every  side.  The  introduction  of 
columns  becomes  a  favourite  and  pleasing  feature,  and  great  care  and  study  appear  to  have 
been  constantly  bestowed  on  the  fa9ades  of  their  buildings ;  so  much  ao,  indeed,  in  many, 
that  they  are  but  masks  to  indifferent  interiors.  In  th^n  the  entrance  becomes  a  principal 
object ;  and  though  in  a  great  number  of  cases  the  abuses  which  enter  into  its  compo- 
sition are  manifold,  yet  the  general  effect  is  usually  successfuL  The  courts  in  these 
palaces  are  most  frequently  surrounded  with  arcades,  whence  a  staircase  of  considerable 
dimensions  leads  to  the  sala  or  principal  room  of  the  palace.  The  general  character  is  that 
of  grandeur,  but  devoid  altogether  of  the  severity  which  so  strongly  marks  the  Florentine 
school.  The  noblest  example  of  a  palace  in  the  world  is  that  of  the  Famese  family  at 
Rome,  to  which  we  shall  afterwards  have  occasion  to  return. 

335.  Bramante,  bom  in  1444  at  some  place,  but  which  is  still  in  doubt,  in  the  duchy  of 
Urbino,  must  be  considered  the  founder  of  the  Roman  school.  Though  educated  as  a 
painter  under  Fra  Bartoloroeo,  and  likely  to  have  ranked  in  that  occupation  as  a  master 
of  no  ordinary  powers,  his  great  love  of  architecture  induced  him  at  an  early  period  to 
quit  painting  as  a  profession.  In  Lombardy  he  wandered  from  city  to  city  for  the  purpose 
of  obtaining  employment  as  an  architect,  but  there  is  no  evidence  tliat  his  exertions  in 
that  part  of  Italy  were  rewarded  with  great  success.  The  dry  style  which  afterwards  cha- 
racterised his  works  has  been  said  to  have  had  its  origin  in  his  protracted  stay  at  Milan, 
while  the  works  of  the  Duomo  were  carrying  on  there  under  Bernardino  di  Trevi,  a 
builder  of  such  skill  as  to  have  gained  the  esteem  of  Leonardo  da  Vinci.  Be  this  as  it 
may,  it  was  in  this  city  his  determination  to  follow  our  art  became  irrevocable.  From 
Milan  he  went  straightway  to  Rome ;  where,  however,  he  was  obliged  to  make  himself 
known  by  some  works  in  his  first  profession  of  a  painter  in  the  church  of  St.  Giovanni 
Laterano.  Naturally  of  hospitable  and  social  disposition,  and  a  lover  of  expense  and 
luxury,  so  intense  was  his  ardour  to  become  great  in  the  art  he  adopted  that  he  refrained 
from  all  society,  holding  commerce  only  with  the  monuments  of  antiquity  by  which  he 
was  surrounded,  studying  with  the  utmost  diligence,  and  drawing  them  for  his  future  ap- 
plication of  the  principles  upon  which  they  were  founded.  He  even  extended  his  researches 
to  Naples,  losing  no  opportunity  of  noting  all  the  ruins  from  which  instruction  in  his  art 
could  be  drawn.  Oraffa  (Cardinal  of  Naples),  who  had  remarked  his  zeal,  gave  him  his 
first  commission  in  Rome,  which  was  the  construction  of  the  cloister  of  the  Convent  della 
Pace ;  and  this,  firom  the  intelligence  and  speed  with  which  he  executed  the  task,  brought 
him  at  once  into  repute.  At  this  period  Rome  could  boast  but  of  few  architects,  and 
those  that  were  established  there  were  of  small  account.  The  Florentine  school  seems  to 
have  sprung  in  the  most  decided  manner  from  the  habits  of  the  people  and  the  massiveness 
of  their  materials,  modified  by  some  knowledge  of  the  buildings  of  the  ancients ;  that 
of  Rome  seems  to  have  been  founded  upon  the  principle  of  making  the  ancient  architecture 
of  Rome  suit  the  more  modem  habits  of  a  very  different  people,  though  living  on  the 
same  spot.     To  explain  more  immediately  our  meaning,  we  cite  the  small  circular  chapel 
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of  St.  Ptetro  in  Montorio,  wherein  we  find  a  Jump  at  onoe  in  the  adaptation  of  the  circular 
peripteral  temple  of  the  Romans  to  the  purpose  of  Christian  ceremonies.  And  again,  it 
is  impossible  to  look  at  the  Palazzo  deUa  Cancelleria  without  being  struck  by  the  base- 
ment and  two  orders,  which  would  be  suggested  by  a  contemplation  of  the  Colisseum, 
though  afterwards  the  Roman  architects  had  the  good  sense  to  see  that  the  orders  of 
arehitccture  placed  against  the  walls  of  a  building  where  the  use  was  not  required  by  the 
interior  distribution  was  a  tasteless  and  useless  application  of  them.  Hie  architect  o£  the 
Palaxso  Famese  only  uses  them  for  the  decorations  of  his  windows.  In  this  respect  we 
hope  good  sense  is  once  more  returning  to  this  country  ;  and  that  the  absurd  practice  in 
almost  erery  case  of  calling  in  the  orders  to  aid  the  effect  of  a  ia9ade^  will  be  abandoned 
for  the  better  plan  of  obtaining  an  imposing  effect  from  the  simplicity  and  arrangement  of 
the  necessary  parts.  We  must,  however,  return  to  Bramante^  whose  other  employment  we 
pass  orer  to  come  to  his  great  work, — one  which,  after  the  continued  labour  upon  it  of  his 
suocemor  Michael  Angelo,  seems  to  have  exhibited  the  great  canons  of  art ;  one  which 
has  regulated  all  the  modem  cathedrals  of  Europe,  for  they  are,  in  fiact,  but  repetitions 
of  it ;  and  one,  therefore,  which  requires  a  lengthened  notice  in  this  place,  as  intimately 
connected  with  the  rapid  progress  of  the  Roman  school.  The  ancient  Basilica  of  St. 
Peter  had  become  so  ruinous  that  Pope  Nicholas  V.,a  man  who  delighted  in  magnificent 
undertakings,  a  lover  of  architecture,  and  of  more  than  ordinary  genius,  had  conceived  the 
project  of  rebuilding  it,  and  under  tiie  designs  of  B«nardo  Rosellini  had  actually  seen  a 
portion  of  the  design  rise  from  the  ground  before  his  death.  The  project  seemed  then  to 
be  forgotten  and  abandoned,  until  Michael  Angelo  Buonarroti,  seeking  a  place  for  the 
erection  of  the  mausoleum  of  Julius  II.,  upon  which  he  was  engaged,  thought  that  the 
tribune  of  Roeellini*s  projected  new  basilica  would  be  well  suited  for  its  reception,  and 
aecordingly  proposed  it  to  the  pontiffl  Julius,  pleased  with  the  suggestion,  immediately 
sent  tor  San  Gallo  and  Bramante  to  examine  into  it.  In  these  cases,  one  project  generally 
suggests  another,  and  the  rearing  a  new  St.  Peter's  became  a  fixed  object  in  the  mind  of 
Julius  II.  The  tribune  of  Nicholas  V.  was  no  longer  thought  of,  except  as  a  space  to 
be  included  within  the  new  works.  He  consulted  several  architects  upon  the  subject ;  but 
the  foet  is,  that  the  only  real  competition  lay  between  Giuliano  di  San  Gallo  and  Bra- 
mante. The  last  was  the  successful  artist ;  and  from  a  great  number  of  projects  the  pope 
at  last  choee  that  upon  which  St.  Peter's  was  afterwards  commenced.  The  real  design  of 
Bramante  can  scarcely  be  traced  in  the  basilica  of  the  Vatican  as  executed.  The  change 
it  was  doomed  to  undergo  before  completion,  more  than  perhaps  any  other  building  was 
ever  subjected  to,  have  been  drawn  into  a  history  by  the  Jesuit  Bonanni.  When  Bramante 
died,  his  designs,  if  indeed  he  made  any,  were  dispersed  ;  and  for  what  we  do  know  of  them 
we  are  indebted  to  Raffaelle,  who  took  much  pains  in  collecting  the  ideas  of  our  architect, 
as  they  afterwards  appeared  in  Serlio*s  Treatise  on  Architecture.  The  original  plan  of 
Bramante  was  simple,  grand,  and  in  its  parts  harmonious,  and  would  doubtless  have 
been  effective,  for  beyond  the  edifice  as  executed.  It  has  been  well  observed  by  Q.  de 
Quincy,  in  his  Life  of  Bramante,  **  Le  Saint  Pierre  d*aujourd'hui  parait  moins  grand  qu'il 
ne  Test  en  efiet.  Le  Saint  Pierre  de  Bramante  aurait  certainement  M  plus  grand  encore 
en  apparence  qu'en  r^alit^"  There  would  moreover  have  been  an  aocordimce  between 
the  interior  and  exterior.  The  peristyle  was  to  have  three  ranks  of  columns  in  depth, 
which  vrould  have  necessarily  had  unequal  interoolumniations.  The  cupola  was  rather 
that  of  the  Fsntheon,  ornamented  exteriorly  with  an  order  of  columns.  Bramante  carried 
his  imitation  even  to  the  steps  round  the  springing  of  that  monument  From  the 
medals  of  the  design  struck  about  the  period,  it  seems  that  the  fofade  was  to  have  been 
decorated  at  its  extremities  with  two  campanili ;  but  the  authority  of  a  medal  may  be 
doubtfuL  The  idea,  therefore,  which  is  said  to  have  originated  with  Michael  Angelo, 
of  placing  the  dome  of  the  Pantheon  upon  the  vaulting  of  the  Temple  of  Peace  emanated 
from  Bramante,  though  the  honour  of  actually  carrying  such  a  project  into  execution 
belongs  to  Michael  Angelo  da  BuonarrotL  It  is  not,  however,  probable  that  if  Bra- 
mante had  lived  he  oould  have  strictly  executed  the  design  he  produced ;  for  it  has  been 
well  proved  that  the  piers  which  carry  the  dome  would  not  have  been  suflBciently  sub- 
stantia] for  the  weight  to  be  placed  upon  them,  inasmuch  as  Bramante*s  cupola  would 
have  been  much  hearier  than  that  executed  by  Michael  Angelo,  and  that  architect  con- 
sidered it  neceasary  to  make  his  piers  three  times  as  thick  as  the  former  had  proposed 
for  his  cupola.  Bramante's  general  design  having  been  adopted  by  Julius  II.,  was  imme- 
diately eommeneed  with  a  boldness  and  promptitude  of  which  few  but  such  men  as  Julius 
and  Bramante  were  capable.  One  half  of  the  ancient  basilica  was  taken  down ;  and  on  the 
18th  of  April,  1506,  the  first  stone  of  the  new  febricwas  laid  by  the  pope  in  the  pier  of  the 
dome,  commonly  called  that  of  Sta.  Veronica.  The  four  piers  soon  rose ;  the  centres  were 
prepared  for  connecting  them  by  vaults,  which  were  actually  turned.  The  weight  and 
thrust  of  the  vaults,  however,  bent  the  piers,  and  cracks  and  fissures  made  their  ap- 
pearance in  every  direction.  Thus,  without  more  than  their  own  weight,  much  less 
that  of  the  cupola,  the  works  threatened  ruin.     The  great  haste  used  in  carrying  on  the 
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works  had  doubtlen  much  contributed  to  thii  catastrophe.  Bramante  in  the  naeaatime 
dying,  Raffaelle,  Giocondo,  and  Oiuliano  di  San  Gallo,  and  afterwards  Baldaszare  Peruxzi 
and  Antonio  San  Gallo,  were  engaged  on  the  edificei  and  severally  used  the  proper  means 
for  remedying  the  defects  that  htA  arisen,  and  for  fortifying  the  great  piers  of  the  dome. 
To  do  this,  as  well  as  to  push  forward  its  completion,  Michael  Angelo  was  employed ;  and 
the  rest  of  that  great  man*s  life  was  chiefly  devoted  to  carrying  on,  under  his  own  designs, 
the  works  of  the  febric.  From  the  death  of  Bramante  in  1513  to  1546,  when  Antonio 
San  Gallo  died,  the  architects  above  named,  all  of  whose  names  are  almost  sacred,  had  been 
more  or  less  employed  upon  it.  It  was  during  this  period  that  Bramante's  original  plan 
of  a  Latin  was  changed  into  a  Roman  cross  by  Peruszi.  The  works  had  at  this  time  become 
the  source  of  much  jobbing ;  every  body  that  had  any  employment  on  them  seemed  bent  on 
providing  for  himself,  when  Michael  Angelo  consented,  for  he  was  fer  from  desirous  of  being 
employed,  to  superintend  the  future  progress  of  the  fabric.  The  first  use  made  of  his  au- 
thbrity  by  Michael  Angelo  was  that  of  discharging  all  the  agents  and  emplotfi$  of  the  place ; 
he  may  be  sud  to  have  again  driven  the  money-lenders  out  of  the  temple.  That  he  might 
have  more  moral  power  over  this  worthless  race,  he  set  the  example  of  declining  to  receive 
the  salary  of  600  crowns  attached  to  his  appointment  as  architect,  and  gratuitously  super- 
intended the  works  during  the  period  of  seventeen  years,^ — a  disinterestedness  that  afterwards 
found  a  parallel  in  one  of  the  greatest  architects  that  this  or  any  other  country  ever  saw  : 
we  needly  scarcely  mention  the  name  of  Inigo  Jones.  Michael  Angelo  began  by  undoing 
what  his  predecessor  San  Gallo  had  executed ;  and  alter  having  accomplished  that,  his 
whole  powers  were  directed  towards  carrying  on  the  structure  to  such  a  point  that  no 
change  could  possibly  be  made  in  his  plans ;  so  that  after  having  strengthened  the  mat 
piers,  vaulted  the  naves,  and  carried  up  the  exterior  pedestal  of  the  cupola,  at  the  death 
of  Paul  III.  in  1549  the  form  of  these  parts  of  the  basilica  was  unchangeably  fixed. 
Under  Julius  III.,  the  successor  of  Paul,  the  intrigues  which  had  always  been  carried  on 
against  Michael  Angelo  were  renewed.  He  was  accused  of  having  contrived  the  arrange- 
ment without  sufficient  liffht,  and  of  having  changed  every  thing  his  predecessors  had 
done.  Thus  proceeded  this  great  work ;  but  notwithstanding  the  severe  trials  he  had  to 
undergo  from  the  envy  of  his  contemporaries, — rivals  he  could  not  encounter, — Buonarroti 
steadily  pursued  hb  course.  He  felt  that  his  own  destiny  and  that  of  the  £EU>ric  were 
identical;  and,  notwithstanding  all  the  disgusting  treatment  to  which  he  was  exposed, 
determined  to  stand  to  his  post  while  life  remained.  Writing  to  Vasari,  he  says,  **  For  me 
to  leave  this  place  would  be  the  cause  of  ruin  to  the  church  of  St.  Peter,  which  would  be 
a  lamentable  occurrence,  and  a  greater  sin.  As  I  hope  to  establish  it  beyond  the  possibility 
of  changing  the  design,  I  could  first  wish  to  accomplish  that  end ;  if  I  do  not  already 
commit  a  crime,  by  disappointing  the  many  cormorants  who  are  in  daily  expectation  of 
getting  rid  of  me."  And  in  another  letter  to  Messer  Lionardo  Buonarrotti,  in  reply  to  the 
pressing  instance  of  the  grand  duke  to  have  him  at  Florence,  he  says,  "  I  would  prefer 
death  to  being  in  disgrace  with  the  duke.  In  all  my  affairs  I  have  endeavoured  to  adhere 
to  the  truth  ;  and  if  I  have  delayed  coming  to  Florence  as  I  promised,  the  promise  should 
have  been  construed  with  this  condition,  that  I  would  not  depart  hence  until  the  fitbric  of 
St.  Peter's  was  so  far  advanced  as  to  prevent  its  being  spoiled  by  others,  and  my  design 
altered  ;  nor  to  leave  opportunity  for  those  thieves  to  return  and  plunder,  as  has  been  their 
custom,  and  as  is  still  their  hope.  Thus  placed  by  Divine  Providence,  I  have  exerted 
myself  to  prevent  those  evils.  As  yet,  however,  I  have  not  been  able  to  succeed  in  ad- 
vancing the  building  to  that  point  which  I  desire,  from  want  of  money  and  men ;  and  being 
old,  without  any  one  about  me  to  whose  care  I  could  leave  the  work,  as  I  serve  for  the  love  of 
God,  in  whom  u  all  my  hope,  I  cannot  abandon  it**  At  this  period,  with  the  letter,  to  which 
we  have  not  done  sufficient  justice  in  the  translation,  it  is  impossible  not  to  sympathise,  nor 
to  be  unaffected  by  the  simple  and  unbending  honesty  of  this  honour  to  the  race  of  man,  in- 
dependent f]^  all  our  admiration  of  his  stupendous  power  as  an  artist  At  the  age  of  eighty- 
seven,  the  pedestal  being  then  ready  for  the  reception  of  the  cupola,  he  made  a  small 
model  in  clay  for  that  important  feature  of  his  work,  which  was  afterwards,  to  a  scale,  ac- 
curately under  his  direction,  executed  in  wood  ;  but  deficiency  in  the  funds  prevented  the 
progress  of  the  building.  To  the  height  of  upwards  of  28  ft.  above  the  exterior  attic  the 
cupola  is  in  one  solid  vault,  whose  diameter  is  near  1S9  ft.  at  its  springing,  at  which  place 
its  thickness  is  near  10  ft.  exclusive  of  the  ribs.  As  the  inner  and  oiiter  vaults  are  not  con- 
centric, the  interval  between  them  increases  as  they  rise.  Where  they  receive  the  lantern 
they  are  10  ft.  7  in.  apart.  The  construction  of  this  dome  proves  the  profundity  of  the 
architect's  knowledge  as  a  scientific  builder  to  have  equalled  his  superiority  as  an  architect 

336.  After  the  death  of  Michael  Angelo,  this  cupola  with  its  lantern  was  rigorously  ex- 
ecuted, upon  the  model  he  had  left,  by  Jacopo  della  Porta  and  Domenico  Fontana.  His 
intentions  were  religiously  respected,  in  the  completion  of  the  fabric,  until  the  time  of  Pirro 
Ligorio,  whom  Pius  IV.  deprived  of  his  situation  for  attempting  to  swerve  fit)m  the  model 
■nd  substitute  his  own  work. 

337.  Between  the  foundation  of  the  church  by  Bramante,  and  its  entire  completion  by 
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Culo  Bbdaruo,  Bi  Ken  in.^.  IGT.iind  IS8.,B«niur!r  luuUlapMiI,  but  during  tbslcc 


■Tchiicetunl  as  veil  •■  gnpbical  and  plutic  tut*  bad  undergone  great  changaa  i  ai 
thcmgh  tbs  firat  vaa  itill  tki  from  the  vicioua  point  to  which  Borrominl  carried  it,  ll 
graat  prineiplta  of  order  and  luihority,  aa  founded  oii  the  modcli  of  antiquilj',  were  paw 
±mj,  and  no  ioagtr  occupied  the  attention  of  the  architect.  The  ipiril  of  innovatian,  li 
often  mialakenBn  geniui,  had  made  luch  inroads  that  regularity  af  plan,  limplieity  oFran 
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and  the  happy  union  of  taste  with  common  sende  had  altogether  disappeared,  llie  part 
added  to  the  edifice  by  Maderno  appears  in  the  plan  with  darker  lines,  by  which  it  is  seen 
that  he  added  three  arcades  to  the  nave,  in  which  the  same  ordonnanoe  is  continued. 

3.S8.  Respecting  the  alteration  in,  or  rather  addition  to  the  plan,  it  is,  and  is  likely  to 
continue,  a  moot  point,  whether  this  change  by  Maderno  has  injured  the  effect  of  the 
church.  *'  There  are,**  says  De  Quincy,  *'  in  the  method  of  judgine  of  works  of  archi- 
tecture, so  many  different  points  of  view  from  which  they  may  be  judged,  that  it  is  quite 
possible  to  approve  of  even  contrary  things."  We  are  not  ourselves  disposed  to  censure 
the  application  of  Maderno,  though  it  cannot  be  denied  that  the  symmetry  of  the  fabric 
was  in  some  measure  destroyed  by  it.  It  is  possible  that  the  constant  habit  of  seeing 
cathedrals  with  a  prolonged  nave,  before  we  first  saw  St.  Peter's,  may  have  disposed  us  to 
look  leniently  at  a  point  which  so  many  better  judges  than  ourselves  have  condemned. 
Michael  Angelo's  plan  was,  doubtless,  one  of  great  simplicity  and  unity.  According  to  his 
intention,  the  cupola  was  the  principal  feature,  the  four  arms  of  his  cross  being  accessaries 
which  would  not  interfere  with  or  lessen  the  effect  of  its  grandeur,  whose  points  of  view 
could  not  be  much  varied.  On  the  other  hand,  the  edifice,  enlarged  according  to  the  first 
project  of  Bramaate,  has  acquired  an  immensity  of  volume,  which,  observes  the  author 
before  quoted,  one  would  be  now  sorry  to  see  it  deprived  of.  **  Ce  sont  deux  grandeur$ 
voisineM  $ani  itre  rivaies."  In  its  exterior,  however,  it  must  be  admitted  that  the  pro- 
longation of  the  nave  has  not  improved  the  effect ;  and  that  arose  from  the  necessity  of 
strictly  conforming  to  the  forms  that  existed.  It  is  manifest  that  the  number  of  divisions 
which  resulted  from  the  mixtilinear  plan  of  Michael  Angelo  would  not  well  sort  with  the 
extended  mass  which  the  nave  created.  It  was  absolutely  necessary  that  it  should  be 
conformable  with  what  had  been  completed ;  and  the  effect  of  this  was  lessening  the 
elevation  of  the  cupola  in  an  almost  fatal  manner.  The  fB9ade  of  entrance  cannot  in  any 
way  be  defended ;  and  it  is  much  to  be  regretted  that  the  fine  entrance  designed  by  the 
great  master  was  lost  to  the  world.  . 

339.  St.  Paul's  is,  perhaps,  the  only  great  instance  in  Europe  wherein  the  design  was 
made  and  wholly  carried  into  execution  by  the  same  architect  Works  of  this  nature 
usually  exceed  the  space  of  man's  life.  St.  Peter's  was  altogether  a  century  and  a  half  in 
building.  The  change  of  architects  is  not  the  least  inconvenience  of  such  a  state  of  things ; 
for  during  so  long  a  period  such  a  change  of  taste  arises  that  the  fashion  and  style  of  an 
art  are  from  accident  scarcely  the  same  at  its  commencement  and  end.  Thus  the  church 
of  the  Vatican,  which  was  b^un  by  Bramante  in  a  comparatively  pure  style,  was,  in  the 
end,  defaced  by  the  vicious  bizarres  of  Borromini.  It  was  fortunate  Michael  Angelo,  so 
fiir  foreseeing  accidents  of  this  nature,  had  fixed  unchangeably  the  main  features  of  his  com- 
position. 

340.  That  the  first  idea  of  this  stupendous  fiibric  owes  its  origin  to  Bramante  cannot  be 
disputed  ;  but  its  greatness,  as  conceived  by  him,  is  confined  to  the  boast  of  placing  the 
cupola  of  the  Pantheon  upon  the  vaulting  of  the  Temple  of  Peace.  The  sketch  of  it  given 
by  Serlio  is  nothing  like  the  cupola  which  was  executed.  On  the  other  hand,  what  was 
executed  by  Michael  Angelo  was  scarcely  new  after  what  Brunei leschi  had  accomplished 
at  Sta.  Maria  del  Fiore.  This,  however,  was  a  chef  d'oeuvre  of  construction ;  that  of  St, 
Peter's  was  a  chef  d'oeuvre  of  construction  and  architecture  combined.  What  was  new 
in  it  was,  that  it  was  the  loftiest  and  largest  of  all  works,  ancient  or  modem,  uniting  in  its 
vast  volume  the  greatest  beauties  of  proportion  to  simplicity  and  unity  of  form ;  to  mag- 
nificence and  richness  of  decoration  a  symmetry  which  gives  harmony  to  the  whole,  con- 
sidered by  itself,  and  not  less  so  when  considered  in  relation  to  the  mass  of  which  it  is 
the  crown.  The  great  superiority  of  this  cupola  over  all  others  is  visible  in  another  point 
of  view,  which  we  shall  more  particularly  notice  in  the  account  of  St  Paul's  in  a  sub- 
sequent page :  it  is,  that  the  same  masonry  serves  for  the  exterior  as  well  as  the  interior, 
whereby  an  immense  additional  effect  is  gained  in  surveying  it  from  the  inside.  All  is 
fair  ;  there  is  no  masking,  as  in  other  cupolas  that  followed  it 

34 1 .  Whatever  opinions  may  be  formed  on  the  other  works  of  Michael  Angelo,  no 
difference  can  exist  respecting  the  cupola  of  St  Peter's.  **  Si  tout,**  observes  De 
Quincy,  "  ce  qui  avait  et^  fiut  et  pensd,  ou  projet^  avant  lui,  en  ce  genre,  ne  pent  lui 
disputer  le  prix  de  I'invention  et  de  I'originalit^,  et  ne  pent  servir  qu'i  marquer  la 
hauteur  de  son  gdnie,  il  nous  semble  que  les  nombreuses  coupoles  ^lev6es  dans  toute 
I'Europe  depuis  lui  et  d'apres  lui,  ne  doivent  se  consid&rer  encore  que  comme  autant 
d'^helons,  propres  k  faire  mieux  sentir  et  mcsurer  sa  superiority."  The  bungling  of  Carlo 
Maderno  at  St.  Peter's  is  much  to  be  regretted.  The  arches  he  added  to  the  nave  are 
smaller  in  dimensions  than  those  which  had  been  brought  up  immediately  adjoining  the 
piers  of  the  cupola ;  and,  what  is  still  more  unpardonable,  the  part  which  he  added  to  the 
nave  is  not  in  a  continued  line  with  the  other  work,  but  inclines  considerably  to  the  south :  in 
other  words,  the  church  is  not  strajglit,  and  that  to  such  an  extent  as  to  strike  every 
educated  eye.     His  taste,  moreover,  was  exceedingly  bad. 
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343;  Id  the  principal  churches  ot  Rome  there  in  grot  similarity  of  plao  ;  thej  usually 
coontt  of  a  nate  and  side  aisles,  in  which  latter,  chapels  are  rangwl  along  the  aides.  The 
aepanlioo  of  the  nave  and  usie*  is  effected  by  arcadcL  The  transepts  are  not  much 
eitcfwIetU  and  over  the  lutersection  of  them  vith  (he  nare  and  choir  a  cupola  generally 
riK*.  The  chapels  of  the  Virgin  and  Holy  Sacrament  are  commonly  in  the  transepts; 
and  the  great  altar  is  at  the  end  of  the  choir,  which  usually  lemiinales  semicircularly  on 
tba  plan.  Unlike  those  of  (he  Florentine  school,  the  interiors  of  the  Itoman  churches 
are  decorated  (o  eicecs.  Pictures,  mosaics,  and  marble*  of  every  variety  line  the  walls. 
A  proAmoD  of  gilding  imparts  to  them  a  richness  of  tone,  and  the  architectural  details 
are  often  in  the  hi^iest  state  of  enrichment.  They  are,  indeed,  temples  worthy  of  the 
worship  of  the  Deity.  Yet,  with  all  this  magnificence,  the  &f«des  are  often  mean  j  and 
wbeD  a  display  of  architecture  is  exhibited  in  them,  it  is  produced  by  abuses  of  the  want 
t\am.  The;  are  generally  mere  masks ;  fijr  between  the  architceture  of  these  blse  tronl!! 
and  that  of  the  interior  there  is  no  architectUTml  connection.  In  very  many  insUncea  Hie 
aides  of  the  churches  are  actually  hidden  by  adjacent  buildings,  so  that  they  are  altogether 
unseen  ;  a  circumstance  which  may  hare  conduced  la  the  repetition  of  the  abuse.  Faulty, 
however,  aa  these  edifices  ate,  to  them  is  Europe  indebted  as  models,  which  have  in 
modem  timca  been  more  purified.  We  have  not  space  to  enumerate  or  criticise  the 
cburehs  with  which  Rome  abounds.  9t.  Carlo  on  the  Corso,  by  Onorio  I^nghi,  ua  fine 
example  of  them,  and  gives  a  bir  notion  of  the  general  distribution  we  have  dcKribed. 
Those  of  a  later  date,  especially  those  by  Borromini,  may  be  considered  aa  iitdicri  rmm 
tUMMndanam  in  architecture  ,  and  though  we  are,  perhaps,  ft-om  the  cupidity  of  upholnterers 
and  bouae  decorators,  likely  to  be  doomed  to  sit  in  rooms  stuffed  with  the  absurdities  of 
the  taste  prevalent  in  the  time  of  Louis  XV.,  we  can  hardly  conceive  it  neceaary  in  these 
days  to  recommend  the  (tudeot'l  abhorrence  of  luch  freaks  of  plan  and  elevation  as  are  to 
be  bund  in  the  church  of  St.  Carlo  alle  quattro  Fonune,  by  that  architect. 

343.  The  palaces  of  Rome  are  among  the  finest  architectural  works  in  Europe ;  and  of 
thoae  in  Rinne,  a*  we  have  before  observed,  none  equals  the  Famese.  whose  bfade  is 
girco  in  ^.169.       "  Ce  vaste   potus   Fomese,  qui  i  tout   prendre,  pour    la  grandeur 


de  la  masse,  la  regularity  de  son  ensemble,  et  Teicellencc  de  wn  architecture,  a  tenii 
josqulei,  duis  I'opinion  des  artistes,  le  premier  rang  entre  toui  lea  palais  qu'on  renommc," 
is  tbe  generJ  description  of  it  by  Do  Quiney,  upon  whom  we  have  drawn  largely,  and  must 
eonttmie  to  do  so.  This  edifice,  by  San  Gallo,  forms  a  quadrangle  of  S56  h.  by  IS5  ft. 
It  is  eonatmeted  of  brick,  with  the  exception  of  the  dressings  of  the  dooii  and  windows, 
the  quinos  of  the  trmts,  and  the  entablature  and  It^^  ui  tbe  Stroda  Giulia,  which  are  of 
traicrtine  attaie.  Of  the  same  stone,  beautifiilly  wrought,  is  the  interior  of  the  couit 
The  building  connats  of  three  stories,  including  tiiat  on  tbe  ground,  which,  in  the  elevations 
or  blades,  arc  separated  by  impost  cornices.  The  only  break  tn  its  symmetry  and  sim. 
plicity  occurs  in  the  loggia,  placed  in  tbe  centre  of  the  first  story,  which  connects  the 
windows  on  each  side  of  it  by  four  columns.  On  the  ground  story  the  windows  are  decorated 
with  square-headed  dressingsof  extremely  simple  design  ;  in  the  next  story  they  are  flanked 
by  eolumoa,  wliase  entablatures  are  cTOvned  alternately  with  triangular  and  eircuUr 
pe£metkts  ;  and  in  the  third  story  are  circular-headed  windows,  crownad  throughout  with 
tnangntar  pedimenta.  The  taste  in  which  these  last  is  composed  is  not  so  good  as  tbe 
rcM,  though  they  were  probably  tbe  work  of  Michael  Angelo,  of  whose  eorruce  to  tlie  edifice 
Vaauri  observes,  "  £   stupendisumo  il  comiocione  maggiore  del  medesimo  palaiio  nella 
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(accinta  ilinanii,  non  li  polendo  ilcuna  cou  ne  pii'i  balls  ne  piil  irugiiiGci  doiderm." 
The  fii[iide  toiruda  thE  Strida  GiulU  ii  diiTerent  from  the  other  fronti  in  the  centre  only, 
wherein  there  ue  three  itoriei  of  arotdei  la  the  loggiii  each  of  vhoie  pien  u-e  decorated 
with  columna  of  the  Doric,  Ionic,  pjid  Corinthian  ordera  in  the  reipectiTe  stories  as  they 
rile,  and  these  in  form  and  dimensions  correspond  with  the  three  ranks  of  arcades  tovarda 
the  court.  It  appears  probahle  that  this  central  arrangement  was  not  in  the  original 
design  of  Son  Gallo,  but  introduced  whpn  the  third  story  was  completed.  Magnificent  aa 
Tram  ilsiimpllcity  and  symmetry  is  the  eiterior  of  this  palace,  which,  as  De  Quincyubwnrei, 
"  Ml  un  idlfiee  toujour*  digne  d'etre  le  sejour  d'un  prince,"  yet  does  It  not  eiceed  the  beauty 
of  ihB  interior.  The  quadrangle  of  the  court  is  88  ft.  square  between  the  column*  of 
the  arcades,  and  is  composed  with  three  stories,  in  *hich  the  central  arrangement  above 
mentioned  towards  the  Villa  Giulia  is  repealed  on  the  two  lower  stories,  over  the  upper 
whereof  is  a  solid  wall  pierced  in  the  windows.  The  piers  of  the  lower  arcade  are  om*- 
menled  with  Doric  columns,  whose  entablature  it  charged  with  triglyphs  in  its  friase,  and 
its  metopB  are  sculptured  with  Tirious  symbols.  The  impmU  of  the  pieri  are  Tcry 
finely  profiled,  to  as  to  Ibrm  the  entablature*  when  continued  over  the  columns  of  tbe 
entrance  vestibule.  In  the  lonio  arcade,  over  lhi>,  the  frieie  of  tbe  order  is  decorated 
with  a  (eriet  of  festoons.  The  distribution  of  tbe  diRerent  aparlmenls  and  passage  is 
well  contrived.  All  about  tbe  building  is  on  a  scale  of  great  grandeur.  Thou^  long 
unoccupied,  and  a  large  portion  of  its  internal  omaments  has  disappeared,  il  itill  com- 
mands our  admiration  in  the  Cariwui  Gallery,  which  has  continued  to  serve  as  ■  model 
for  all  lubsequenl  worki  of  Ihe  kind.  Tlie  archilecture  of  the  Farnese  palace,  mora 
especially  as  respects  the  arcade*  of  its  court,  is  the  most  perfect  adaptation  of  ancient  ar- 

particularly  to  the  arcades,  upon  whose  piers  order*  of  columns  are  introduced.  This 
specie*  of  composition,  heavier,  doubCless.  leas  elegant,  yet  more  solid  than  simple  eolort- 
nades,  is,  on  the  lait  acooual,  preferalile  to  them,  where  several  stories  rise  above  one 
another.  The  idea  was,  certainly,  conceived  from  the  practice  in  the  ancient  theatres  and 
amphitheatres ;  and  in  it*  application  at  the  Farnese  palace  rivals  in  beauty  all  that 
antiquity  make*  ua  in  its  remains  acquainted  with.      San  Gallo,  its  architect,  died  in  1516. 

344.  It  would  be  impossible  here  to  enumerate  the  palaces  with  which  Rome  abound*  ) 
but  we  must  mention  another,  that  of  St.  Giovanni  Laterano,  by  Domenico  Fontuka. 
as  a  very  beautiful  specimen  of  the  palatial  style.  Miliiia  censures  Ihe  detail  of  tbi*  edifice, 
and  there  is  some  truth  in  his  observations  in  that  respect ;  but  the  composition  is  so  «mp)« 
and  grand,  and  the  cornice  crowns  it  with  so  much  m^esty,  that  the  detail  is  forgotten  in 
the  general  eSect,  and  iu  archilect  well  deserves  the  rank  of  a  great  artist. 

345.  The  viUas,  OctUi  dllaSa,  as  they  have  been  called,  round  the  suburbs  of  Rome, 
are  in  a  style  fiil  lighter  than  Ibe  palaces  whereof  we  have  just  been  speaking.  Thej  are 
the  originil  models  of  tbe  modem  country  houses  of  this  island,  and  exhibit  great  skill  in 
their  plans  and  elegance  in  their  blades,  (ienerally  they  rose  from  the  riches  and  taste  of 
a  few  cardinals,  who  studded  the  environs  of  the  Eternal  City  with  some  of  the  Urest  gem* 
of  the  art.  MM.  Percier  and  Fontaine  published  ■  collection  of  them  at  Paris,  from 
which  we  eitract  the  ViltaPia(j(;.  ITO.).    It  was  designed  by  I^rro  Ligorio,  a  Neapolitan 
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architect,  who  died  ixk  1580,  and  is  thus  described  by  the  authors  whose  view  of  it  we  have 
borrowed.  **  It  was  built,**  say  they,  "  in  imitation  of  the  houses  of  the  ancients,  which 
Ligorio  had  particularly  studied.  This  clever  artist,  who  to  his  talent  as  an  architect 
joined  the  infonnation  of  a  learned  antiquary,  here  threw  into  a  small  space  every  thing 
that  could  oontribute  to  render  it  a  delightful  dwelling.  In  the  midst  of  verdant  thickets, 
and  in  the  coitre  of  an  amphitheatre  of  flowers,  he  constructed  an  open  lodge,  decorated 
with  stuccoes  and  agreeable  pictures.  The  lodge  is  raised  upon  a  base,  bathed  by  the  water 
of  a  basin,  enclosed  with  marbles,  fountains,  statues,  and  vases.  Two  flights  of  steps, 
whii^  lead  to  landings  sheltered  by  walls  ornamented  with  niches  and  seats  of  marble,  offer 
protection  from  the  sun*s  rays  by  the  trees  that  rise  above  them.  Two  porticoes,  whose 
interior  walls  are  covered  with  stuccoes,  lead  on  each  side  to  a  court  paved  in  mosaic  work. 
This  is  enclosed  by  a  wall,  round  which  seats  are  disposed.  Here  is  a  fountain  spouting 
up  from  the  centre  of  a  vase  of  precious  marble.  At  the  end  of  the  court  fiicing  the  lodge 
an  open  vestibule,  supported  by  columns,  fronts  the  ground  floor  of  the  principal  pavilion  ; 
and  is  decorated  with  mosaics,  stuccoes,  and  bassi.relievi  of  beautiful  design.  The  apartments 
on  the  first  floor  are  ornamented  with  flne  pictures.  Finally,  from  the  summit  of  a  small 
tower,  which  rises  above  the  building,  the  view  extends  over  the  gardens  of  the  Vatican,  and 
the  plains  tbrou^  which  the  Tiber  takes  its  course,  and  the  splendid  edifices  of  Rome.** 
For  ftirtber  information  on  the  Roman  villas,  we  refer  the  reader  to  the  work  we  have 
quoted. 

346.  The  Roman  school  of  architecture,  founded  by  Bramante,  includes  San  Gallo, 
Ba<MiarToti,  Sansovino,  Peruzsi,  Vignola  (whose  extraordinary  pdace  at  Caprarola  de- 
serves the  study  of  every  architect),  and  many  others.  It  ends  with  Domenico  Fontana, 
the  period  of  its  duration  being  from  1470  to  1607,  or  little  more  than  l.SO  years. 

347.  Before  we  proceed  to  the  Venetian  school,  it  will,  however,  be  proper  to  notice 
two  architects,  whose  works  tended  to  change  much  for  the  worse  the  architecture  of 
their  time  ;  we  mean  Borromini  and  Bernini,  though  the  latter  was  certainly  purer  in  his 
taste  than  the  former.     Borromini,  whose  example  in  his  art  was  followed  throughout 
Europe,  and  who,  even  in  the  present  day,  has  his  returning  admirers,  was  the  fiither  of  all 
modem  abuses  in  architecture ;  and  the  reader  must  on  no  account  confound  his  works  with 
those  of  the  Roman  school,  which  had  ceased  nearly  half  a  century  before  the  native  of 
Biasona  had  begun  to  practise.     He  inverted  the  whole  system  of  Greek  and  Roman 
architecture,  without  replacing  it  by  a  substitute.     He  saw  that  its  leading  forms,  sprung 
from  a  primitive  type,  were,  by  an  imitation  more  or  less  rigorous,  subjected  to  the  prin- 
ciples of  the  model  from  which  its  order  and  arrangement  emanated.     He  formed  the 
project  of  annihilating  all  idea  of  a  model,  all  principles  of  imitation,  all  plea  for  order  and 
proportion.     For  the  restriction  in  the  art  resultant  from  the  happy  fiction,  or  perhi^is 
reality  of  a  type,  one  whose  tendency  was  to  restrun  it  within  the  bounds  of  reason,  he 
substituted  the  anarchy  of  inuigination  and  fimcy,  and  an  unlimited,  flight  into  all  species  of 
caprice.     Undulating  flexibilitv  supplanted  all  regularity  of  form  ;  contours  of  the  most 
grotesque  description  succeeded  to  right  lines ;  the  severe  architrave  and  entablature  were 
bent  to  keep  up  the  strange  delusion  ;  all  species  of  ciurves  were  adopted  in  his  operations, 
and  the  angles  of  his  buildings  were  perplexed  with  an  inflnite  number  of  breaks.     What 
makes  this  pretended  system  of  novelty  more  absurd  is  (and  we  are  glad  to  have  the  oppor- 
tunity here  of  obserring  that  the  remarks  we  are  making  are  applicable  to  the  present 
frshionable  fi^lly  of  decorating  rooms  d  la  Loui$  XIV.  and  XV. ),  that  its  only  novelty  was 
the  disorder  it  introduced,  for  Borromini  did  not  invent  a  single  form.     He  was  not  scru- 
pulous in  retaining  all  the  parts  which  were  indicated  by  imitating  the  type ;  he  decom- 
posed som^  transposed  others,  and  usually  employed  each  member  in  a  situation  directly 
the  reverse  of  its  proper  place,  and,  indeed,  just  where  it  never  would  be  naturally  placed. 
Thus,  for  example,  to  a  part  or  ornament  naturally  weak,  he  would  assign  the  office  of 
supporting  some  great  weight ;  whilst  to  one  actually  capable  of  receiving  a  great  load,  he 
would  asrign  no  office  whatever.     With  him  every  thing  seems  to  have  gone  by  contraries; 
and  to  give  truth  the  appearance  of  fiction,  and  the  converse,  seems  to  have  been  his  greatest 
delighL     Out  of  all  this  arose  a  constant  necessity  for  contrivance,  which  marked  Borromini 
as  a  skiUul  constructor,  in  which  respect  he  attained  to  an  extraordinary  degree  of  intelli- 
gence.    It  seems,  however,  not  improbable  that  one  of  his  great  objects  in  studying  con- 
struction was,  that  he  might  have  greater  fecility  in  carrying  his  curious  conceits  into 
execution  ;  for  it  may  be  taken  almost  as  an  axiom  in  architecture,  so  great  is  the  relation 
between  them,  that  simple  forms  and  solid  construction  are  almost  inseparable  ;  and  it  is 
only  necessary  to  have  recourse  to  extraordinary  expedients  in  construction  when  our  pro- 
ductions result  from  an  unrestrained  imagination.      Further  notice  of  this  architect  is  not 
necessary ;   one  of  his   most  celebrated  works  is  the  restoration  of  the  church   of  St. 
Giovanni  Laterano,  —  after  St.  Peter*s,  the  greatest  in  Rome.     His  purest  work  is  the 
church  of  SLAgnese;  whilst  that  of  St.  Carlo  alle  quattro  fontane,  which  we  have  here- 
tofore noticed,  is  the  most  bizarre.     Borromini  died  m  1667. 

348.   Bernini,  the  other  artist  whom  we  have  mentioned,  was  equally  painter,  sculptor, 
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uid  architect ;  hii  principal  vork  is  the  caloniude  in  front  of  St.  Petei'a.  He  wa,  notvith' 
■taflding  the  abuses  to  be  found  in  his  works,  a  man  of  great  talent.  In  their  j^eneral 
anangement  his  building  are  good  and  harmonious ;  his  profiles  are  grvcefuli  hii  oma- 
ments,  though  sometimes  profuse,  are  usually  elegant.  Bernini,  howerer,  vas  no  clieck 
upon  the  pemiuLous  character  of  bis  eotemporary  Borromini »  insteadt  indeed,  of  relieving 
■rchilectureof  some  of  her  abuses,  he  encumbered  her  with  fresh  onea.  He  was  also  fond 
of  broken  pediments,  and  of  placing  them  in  improper  situBtions.  He  employed  undulatimu, 
projections  innumerable,  anil  intermiitures  of  right  lines  with  curies:  for  beautitulsimplieity 
he  substituted  elegant  fancy;  and  Is  to  be  imiuted  or  admired  by  the  student  no  farther 
than  he  followed  nature  and  reason.  He  made  some  designs  for  the  Louvre  at  Paris,  which 
are  exceedingly  good.      His  death  occurred  in  I6R0. 

34tl.  3.  rhi  Venetian  Srhoo!  is  cbaracteriied  by  its  lightaesa  and  elegance ;  by  the  con. 
venienl  Jistribulion  it  displays  i  and  by  the  abundant,  perhaps  eiuberiuit,  use  of  columns, 
pilasters,  and  arcades,  whicb  enter  into  its  composition.  Like  its  sister  school  of  painting, 
its  address  is  more  to  the  senses  than  is  the  cose  with  those  we  have  just  quitted.  We 
have  already  given   an  account  of  the  churcb  of  St.  Mark,  in  the  l£th  century  ;   from 

destined  to  on  equally  brilliant  career.  'Tbe  possession  in  its  prorinces  of  some  Hne  monu- 
ments of  aniiiuity,  aa  well  u  iti  early  sci|Usintance  with  Greece,  would,  of  course,  work 
beneficiatty  ti>t  the  advancement  of  its  architecture.  Tliat  species  of  luiury,  the  natural 
result  of  a  deiire  on  the  part  of  iodividuals  to  perpetuate  their  names  through  the  medium 
of  thar  habitations,  though  not  productive  of  works  on  a  grand  or  monumental  scale,  leads, 
in  a  deinocracy  (as  were  the  states  of  Venice),  to  a  very  general  display  of  moderately 
splendid  and  elegint  palaces.  Hence  the  extraordinary  number  of  specimens  of  the 
building  art  supplied  by  the  Venetian  school. 

Having  viuted  Uome  at  the  early  age  of  sixteen  far  the  purpose  of  studying  its  aneient 
monuments  of  art,  and  having  in  that  city  found  much  employment,  he,  after  many  yeara 
of  absence,  returned  to  his  native  country.  TTic  mode  in  which  he  combined  pure  and 
beautiful  architecture  with  the  requisites  called  for  in  fortifications  may  be  seen  displayed 
to  great  advantage  at  Verona,  in  which  city  the  nirts  dtU  Pallio  is  an  instance  of  hit 
wonderdil  ingenuity  and  taste.  But  his  most  admired  works  are  his  palaces  at  Verona  i 
though,  perhaps,  that  of  the  Grimani  family  at  Venice  is  his  most  magnificent  production. 
Tbe  gmeral  style  of  composition,  rery  diFcrent  from  that  of  the  palaces  of  Florence  and 
Rome,  is  marked  by  the  use  of  a  basement  of  rustic  work,  wherefrom  an  order  rises,  often  with 
arched  windows,  in  which  he  greatly  delighted,  and  these  were  connected  with  the  order  after 
the  manner  of  an  arcade,  the  whole  being  crowned  with  tbe  proper  entablature.  As  an 
example,  we  give,  in  j{<).  ITI.,  tbe  bfade  of  the  Pompei  palace  at  VeroDa.      Tbe  genius  of 


— Jis  are  as  conspicuous  for  eieelleut  con- 

i,  unity,  harmony,  and  simplicity,  which  threw  into 
lund  in  them.  If  he  had  no  other  testimony,  it  would 
-'-1  he  was  held  in  great  esteem  by  Michael  Angelo  ; 

_c  to  study  his  works  with  diligence,      San  Micheli 

to  the  practice  of  military  architecture  ;  and  though  the 

<  afterwards  assigned  to  liiii),  he  was  the  author  of  the 
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lyitcmuxeil  by  Vaubanuul  hit  wbool,  who,  far*  long  period,  ileprived  him  of  the  credit  of  it. 
Befim  him  all  the  rwnparts  of  a  fartiKcUton  were  round  or  xjusre.  H>  introduced  b  new 
method,  intenting  the  triangular  iikI  pentangular  baition,  with  plain  (bss^  flinki,  and 
■quan  bimi|  vhieh  doubled  tlie  nipport ;  he  moreover  aal  ooly  flanked  the  curtun,  but 
■U  the  fooi  to  the  neit  binion,  the  covered  vay,  and  glacii.  The  myitery  of  this  art 
eoDmted  in  defending  every  put  of  the  ineloiure  by  the  Rank  of  a  bastion ;  hence, 
making  it  round  or  square,  the  front  of  it,  tbal  is,  the  ipace  which  remains  in  the  triangle, 
vbieh  VIS  before  undefended,  was  by  San  Micheli  prurided  agaiml.  We  cannot, 
bowrrer,  further  proceed  on  this  subject,  which  belongs  to  miljlary,  trhich  at  tbat  period 
wa*  intimately  connected  with  civil  architecture.  The  Porta  dd  PuBio  at  Verona  has 
been  mentioned  ;  thatcity,howeTer,  contains  another  gate  of  great  arehilectural  merit  by  this 
DiastcT,  the  Poria  Ntma,  a  square  edifice,  supported  within  by  a  number  of  piers  of  atflne, 
with  enclonires  or  apartments  for  the  guards,  artillery,  he-  The  proportions,  as  a  whole, 
are  pleasing ;  it  ia  of  the  Dorie  order,  devoid  of  all  extraneous  ornament,  solid,  Btrong,  and 
suitable  to  the  purpoaes  of  the  building.  Except  in  the  middle  gate  and  the  arehitecturai 
parts,  the  work  is  rusticated.  The  exterior  la^ade  stands  on  a  wall,  with  two  large  pyra- 
midal pilnten  of  marhle  rinng  from  the  bottom  of  the  fosse ;  at  tlie  top  are  two  round 
enclosures  approaching  almost  to  towers.  In  the  interior,  to  the  two  gates  near  the  angles 
are  two  corresponding  long  paasges,  TBulted,  leading  to  a  number  of  iubterraneoui  galleries 
osid  Twnoa.  For  beauty,  bowerer,  we  do  not  think  this  gate  so  beautiful  as  that  of  del  Pallio, 
wfaiefa  w«  here  give  (j^.  17S.).      But  tbe  gem  of  this  great  master  is  the  little  circular 


chapel  at  San  Beruardino.  whoae  beauty,  we  think,  ba*  scarcely  ever  been  surpassed,  and 
whicb  exhibits,  in  ■  striking  degree,  the  early  perfection  of  (he  Venetiao  school.  It  was  not 
finished  under  Son  Micbeli,  and  blemishes  are  to  be  found  in  it ;  It  is  nctertheless  on  eiqui- 
Btc  production,  and,  in  a  surprisingly  small  spsce,  exhibits  a  refioement  which  elsewhere  we 
scarcely  know  equalled.  The  works  which  he  designed  surpass,  we  believe,  in  number 
Iboae  ot  all  the  masters  of  Italy,  Palladio,  perhaps,  excepted.  He  gave  a  tone  to  his  art 
in  the  Venetian  Mates,  which  endured  for  a  considerable  period.      His  death  occurred  in 

aordinary  genius  of  this  school, 
ually  called  Sansovino,  ftotn  the 
rino.      Such  was  the  respect  for 

a  large  sum  on  the  ciliiens,  the  senate  made  a  special  exemption  in 
fcvour  of  nmi  and  Titian.  The  Roman  school  might  lay  claim  to  him,  if  the  works  be 
eiecoled  at  Rome,  and  not  his  style,  would  justify  it  ;  but  that  is  so  marked,  so  tinctured 
with  tbe  system  of  arcades  with  orders,  its  distinguishing  feature,  that  an  inspection  of 
his  works  will  immediately  satisfy  even  a  superficial  observer-  He  was  a  great  master  of 
bis  art  -,  and  though  be  does  not  in  so  great  a  degree  appear  to  have  profited  by  the  ex- 
ample of  antiquity  as  the  architect  last  named,  he  bas  lefl  behind  buildings,  which,  for 
pieturoque  effect,  leave  him  little  inferior  in  our  rating.  He  was  the  architect  of  the 
Ubrary  of  St  Mark  at  Venice,  a  portion  whereof  is  given  in  jfj.  173.  ;  a  building  of 
noble  design,  notwithstanding  the  improprieties  with  which  it  is  replete.  It  consists  of 
rwo  orders  ;  the  lower  one  of  highly  omaroented  Doric,  and  the  upper  one  Ionic  and  very 
graceful  in  eSect.  Of  both  these  orders,  as  will  be  seen  in  the  figure,  the  entablatures  are 
of  inordinate  campaiatiTe  height.  The  upper  one  was  expressly  so  set  out  for  the  purpose 
of  exhibiting  the  beautiful  sculptures  with  which  it  ii  decorated.  The  cornice  is  crowned 
with  a  balustrade,  on  whose  piers  statues  were  placed  by  the  ablest  scholars  of  Sansovino. 
A  portico  occupies  the  ground  8oor,  which  is  rsised  three  steps  from  the  level  of  the 
piana.  This  portieo  consists  of  twenty-one  arcades,  whose  piers  are  decorated  with 
columns.  In  the  interior  are  arches  corresponding  to  the  external  ones,  sixteen  whereof, 
with  their  intcroal  apartments,  arc  appropriated  for  shops.  Opposite  the  centre  arch  is  a 
magniflceot  staircase  leading  lo  the  hall,  beyond  which  is  the  library  of  St.  Mark.      The 
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foulu  of  thii  building,  which  ue 

uid  el^uue,  uid  it  is  pcrhipt 
the  chef  d'cruvre  of  the  maitcr. 
Whilit  SuMovino  wu  engaged 
on  it  he  propounded  an  archi- 
tectuia]  problem,  vhieh  re- 
mindi  ui  verj  much  of  the  egg 
of  Columbus :  •■  How  can  the 
eiact  half  of  ■  metope  be  Kt 
contriTed  ai  to  ituld  on  the 
external  angle  of  the  Doric 
frieie  ?  "  The  lolution,  dumi; 
u  that  of  the  naTigator  *ith 
^  <S8>  poetiwd  in  this  build' 
ing,  ia,  boverer,  a  bungling 
ahaurdity  »  namely,  that  of 
lengthening  the  friese  just  so 
much  la  ia  necessary  to  make 
out  the  deficiency.  Sanloviiw 
wia  inTited  to  pass  into  Frazbcc, 
vhere  he  gave  Kmic  de^gosi 
which  tended  to  the  adiaoec- 

trj.     On  his  return  he  built 

the  Zecca,  or  mint,  one  of  bit 

finest  work).     Another  of  hii 

eitraordinarv    productions    is 

the  pnlaee  of  the  Comari,  on  the 

Grand  Cuul  at  San  Mauriao. 

Ka-iTJ.  ij«.«i  w  n.  ■«..  -phe    church   of   San    Fantinot 

among  the  finest  of  Venice,  is  also  by  him  ;  as  Is  that  of  San  Martino  and  many  others. 

Jacopo  wu  fertile  in  inTention  :  hii  architecture  was  AiU  of  grace  and  elegance  j  but  he 

was  deflcient  in  ■  thorough  knowledge  of  coostruction,  which,  in  the  library  of  St.  Hark, 

brought  him  into  disgrace,  of  which,  from  all  accounts,  the  builders  ought  to  ha*e  nifTered 

■he  principal  share.      He  continually  intiTxluced  the  orders,  and  especially  the  Doric  and 

Compoaite.      The  members  of  his  entablatures  were  much  sculptured  ;  but  bii  ornaments 

were  extremely  suiuble  and  correct.    In  tutues  and  baau  relieri  he  greatly  indulged,  thereby 

adding  ctmuderably  to   the    effect  and  msjesty  of  hia  buildings.      Scamoui  mentions   a 

work  by  him  on  the  conWruction  of  floors,  and  particularly  describes  a  method  adopted 

by  him  for  preieniing  dust  laUing  through  the  Joints  of  the  boards.      The  work  has  been 

l«t.      Saruovino  died  in  15T0.  , 

359.  Aflersuch  artists  a*  San  Micheli  and  Sansoiino,  it  would  ha>«  seemed  to  an  ordinary 
mind  difficult  to  haie  invented  new  forma,  or  rather  so  to  have  modified  the  old  ones  as  to 
be  original  Andrea  Palladio,  however,  not  only  knew  how  to  be  otlginHl,  but  to  leave  his 
works  aa  models  for  the  countries  of  Europe,  in  which  the  style  which  beats  his  name  has 
had  no  rival  ;  to  true  is  it,  in  all  the  arts,  that  there  is  always  room  to  be  found  for  a  man 
on  whom  nature  hag  bestowed  the  (iuulty  of  seeing,  feeling,  and  thinking  lor  himself.  In 
the  case  of  the  architect  winething  more  than  genius  is  necesiary:  it  is  requisite  that  cir. 
cuDistanoes  should  eiisl  by  which  hii  art  may  be  developed,  or,  in  other  words,  that  what 
he  is  capable  of  producing  may  at  the  time  be  suitable  to  the  wants  of  society.  Such 
circumstances  exuted  for  a  long  period  in  luly,  where,  up  to  the  lime  at  which  we  arc 
arrived,  the  rich  and  great  had  been  contending  with  the  governments  which  should  be 
the  greatest  patrons  of  the  art.  Hence  sprung  the  multitude  of  eitraordinary  works  in 
the  country  named,  which  still  point  out  the  greatness  in  art  at  which  it  had  arrived,  when 

when  he  rose  into  reputation,  which  was  altout  the  middle  of  the  sixteenth  century,  had 
Palladio  that  opportunity  of  lignBliuiig  himself  which  had  occurred  to  many  former 
matters.  Venice  bad  risen  into  power  and  wealth  by  its  arms  and  commerce ;  was  the 
natural  proteclrix  of  the  art;  and  although  the  works  she  required  were  not  on  scales  of 
the  grandest  dimensiona,  yet  those  which  her  ciiiiens  required  kept  pace  in  luxury  with  the 
increasing  treallh  of  the  ftmilies  by  whom  they  were  required.  This  was  the  career  open 
Id  the  genius  of  Palladio,  Architecture  in  these  states  was  not  called  upon  to  fiimish 
churches  of  colossal  dimensions,  nor  palaces  Ibr  sovereigns,  nor  immense  public  monu- 
ments left  for  posterity  to  finish.  The  political  state  of  the  country,  very  luckily  fin 
his  talents,  furnished  a  numerous  class  of  citiicns  who  contended  which  should  procure  for 
himself  the  aid  of  this  great  man  in  rearing  a  villa  or  pslsce,  and  which  might  serve  the 
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double  purpose  of  a  present  dwelling  for,  and  a  future  memorial  of,  his  family, — a  passion 
that  covered  the  banks  of  the  Brenta  with  edifices  which,  of  their  class,  form  a  complete 
school  of  civil  architecture. 

S5d.  The  taste  of  Palladio  was  tempered  bj  the  care  he  bestowed  on  accommodating  ex- 
terior beauty  to  interior  convenience,  and  by  suiting  the  art  to  the  wants  of  persons  with 
moderate  means,  through  the  medium  of  greatness  without  great  dimensions,  and  richness 
of  effect  without  great  outlay.  In  the  imitation,  or  rather  appropriation,  of  the  architecture 
of  the  ancients,  none  of  his  predecessors  of  any  of  the  schools  had  so  luckily  hit  on  that  just 
medium  of  exactness  without  pedantry,  of  severity  without  harshness,  of  liberty  without 
licentiousness,  which  have  since  made  the  architecture  of  ancient  Greece  popular,  and  so 
modified  it  as  to  be  practicable  and  convenient  in  all  countries.  We  here  speak,  of  course, 
of  the  elements,  and  not  the  combinations,  of  Greek  art,  and  of  it  changed  by  a  passage 
through  an  intermediate  state  during  the  existence  of  the  Roman  empire.  No  architect  can 
eonsider  himself  thoroughly  educated  who  has  not  studied  the  works  of  Palladio.  "  De 
&it,**  says  De  Quincy,  in  his  Life  of  this  architect,  **  il  n*est  point  d*architecte  qui,  apres 
avoir  fining  ou  reform^  son  style  sur  les  grands  modules  de  Tart  des  anciens,  et  des  premiers 
maitres  de  I'ltalie  modeme,  ne  se  croie  pas  oblig^  d*aller  encore  ^udier  dans  la  patrie  et 
les  oeuvre«  de  Palladio,  un  geiu«  d'applications  plus  usuelles,  et  plus  en  rapport  avec  T^tat 
de  nos  mceurs ;  c*est-a-dire,  le  secret  d'accommoder  tour-i-tour,  et  nos  besoins  aux  phusirs 
d*kine  belle  arduteeture,  et  Tagr^ent  de  celle-ci  aux  suj^tions  que  de  nouveaux  besoins 
lui  imposent.'*  It  was  from  the  peculiar  properties  of  Pa1ladio*s  taste  and  style,  suited  as 
they  axe  to  more  moderate  fortimes,  that  they  found  in  England  a  second  native  country  (if 
such  an  expresuon  may  be  allowed),  where  Inigo  Jones,  Wren,  Gibbs,  Taylor,  Chambers, 
and  many  others,  have  naturalised  the  plans,  fii9ades,  distribution,  and  details  which  were 
originally  planted  in  the  provinces  of  the  Venetian  republic.  Indeed,  the  style  of  Palladio 
could  not  be  prevented  from  spreading  through  Europe,  as  being  a  mean  between 
the  severe  use  of  ancient  forms  and  the  licentious  style  of  those  who  reject  all  rules 
whatever.  The  buildings  by  htm  exhibit  great  good  sense,  simple  means  *of  accom- 
plishing the  end,  a  satis&ctory  agreement  between  the  demands  of  necessity  and  pleasure, 
and  such  an  harnumy  between  them  that  it  is  hard  to  determine  which  has  submitted  to 
the  crther.  The  interior  distribution  of  his  palaces  and  rillas  in  respect  of  plan  would, 
without  considerable  modification,  be  but  ill  suited  to  modern  habits.  We  give,  in ^5^.  174. 
(#«e  next  page),  a  plan  and  elevation  of  the  Villa  Capra,  one  of  his  most  celebrated  works  of 
that  class.  Cmivenience  changes  as  the  mode  of  life  varies ;  indeed,  except  in  a  private  build- 
ing of  large  extent,  the  large  quadrangular  court  of  the  houses  of  Italy  is  here  unknown. 
Palladio's  plans,  however,  were  convement  to  those  for  whom  they  were  executed ;  and  in 
that  way  they  must  be  judged.  With  bis  eyes  constantly  turned  to  the  practice  and  detail 
of  the  ancients,  he  acquired  a  bold,  simple,  and  agreeable  style  ;  and,  his  churches  excepted, 
the  beauties  of  the  master  are  to  be  sought  in  his  fa9ades,  and  the  quadrangles  of  bis  palaces. 
Pedestals,  either  with  panels  or  raisings,  were  always  avoided  by  him ;  his  architraves  were 
rarely  sculptured ;  and  the  upper  ornaments  of  his  entablatures  were  always  carefully 
ceutied  above  each  other.  His  doors,  windows,  and  niches  are  composed  with  great 
simplicity ;  and  pediments,  when  used,  are  unbroken.  In  the  members  of  bis  cornices  he 
never  lost  sight  of  the  character  of  the  order  employed,  and  was  extremely  particular  in 
duly  adjusting  its  profiles.  He,  however,  did  not  scruple  to  vary  the  proportions  of  an 
order  according  to  the  nature  of  the  building  to  which  it  was  applied ;  and  in  the  propor- 
tions a€  his  churches  and  apartments  he  seems  to  have  delighted,  as  afterwards  did  Sir 
Christopher  Wren,  in  arithmetical,  geometrical,  and  harmonic  proportions.  Though  ex- 
tremely partial  to  the  use  of  the  Ionic  order,  yet  the  others  were  not  unfrequently  used  by 
him.  His  Corinthian  capital  b  not  to  be  praised ;  it  is  profiled  very  clumsily,  and  ought 
not  to  be  followed.  The  domes  which  he  erected  are  almost  invariably  hemispherioU. 
It  is  Bot  to  be  supposed  that  his  buildings  are  perfect,  though  they  approach  perfection ; 
but  it  is  more  than  probable  that  many  of  the  abuses  we  see  in  them  arose  either  from 
want  of  sufficient  superintendence,  the  number  he  deugned  being  very  great,  or  that  they 
were  introduced  afVer  his  death.  This,  we  think,  may  be  safdy  assumed,  because  the 
instmctions  in  his  work  on  architecture  are  very  peremptory  on  the  subject  of  abuses. 
So  well  based  upon  the  practice  of  the  ancients  does  the  style  of  our  master  appear  to  be,  that 
it  is,  with  but  few  modifications,  suited  to  all  nations,  and  just  such  as  the  ancients  themselves 
would  have  adopted.  '*  Les  fermes,"  observes  Le  Grand  in  his  paralldle,  *'  que  dirigeait 
Palladio  et  qu*il  oouvrait  de  tuiles  on  d*un  chaume  rustique,  Temportent  de  beaucoup  sur 
lea  palais  somptueux  de  Borromini,  ou  sur  les  riches  et  bizarres  productions  de  Guarino 
GuarinL'*  Certain,  indeed,  it  is  that  simplicity,  unity,  and  style  are  more  powerful  means 
of  producing  grandeur,  than  great  volume  or  large  masses  unskilfully  handled.  A  fine  in- 
stance of  this  is  seen  in  the  fii^ade  of  the  Thiene  palace  at  Vicenza,  fig,  175.  (  See  next  pcigt. ) 

354.  The  number  of  palaces  and  villas  with  which  Palladio  enriched  the  Venetian  and 
Vieentine  territories  b  almost  incredible :  the  variety  of  plan  and  elevation  in  them  seems 
as  inexhaustible  as  their  number.     To  the  buildings  above  referred  to  may  be  added  the 
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CariU  at  Venice,  which  is  a  lovely  specimen  of  his  style.  His  grandest  church  is  that  Del 
Redentore  at  Venice.  Generally  in  the  fe^ades  of  his  churches  there  are  abuses,  whereof  it  is 
scarcely  credible  he  would  have  been  guilty:  such  are  the  two  half  pediments  in  the  church 
we  have  just  mentioned.  The  theatre  built  upon  the  ancient  model  for  the  Olympic 
Academy  at  Vicenza  gained  great  reputation  for  him.     Palladio  died  in  1 580. 

355.  The  last  architect  of  the  Venetian  school  who  obtained  celebrity  was  Vincenxo 
Scamozzi.  The  son  of  an  architect,  and  bom  in  a  country  which  had  become  the  nursery 
of  the  art,  his  powers  were  exhibited  at  an  early  age.  Like  Palladio  and  other  great 
masters,  he  selected  for  his  principal  guides  the  antiquities  of  the  Eternal  City,  and  the 
precepts  of  Vitruvius,  whose  work  at  that  period  was  considered  of  high  importance,  as  in 
truth  it  really  was.  There  is  no  doubt  that  Scamozzi  was  much  indebted  to  the  works 
of  Palladio,  although  he  affected  occasionally  to  decry  them ;  but,  in  opposition  to  De 
Quincy,  we  think  that  his  style  is  more  founded  on  that  of  San  Micheli  or  Sansovino. 
This  is,  however,  of  little  importance ;  for  his  natural  talents  were  of  a  very  high  order. 
At  a  very  early  period  of  his  career,  so  great  was  his  reputation  that  he  was  employed  by 
the  canons  of  San  Salvadore  in  opening  the  lantern  to  the  cupola  of  their  church ;  a  task  in 
which  it  appears  that  he  acquitted  himself  with  great  ability.  For  the  upper  order  of  the 
Procurazie  Nuove  at  Venice  he  has  often  been  unjustly  reproached,  beoause  he  did  not 
confine  himself  to  two  stories,  so  as  to  complete  the  design  of  Sansovino.  llie  design  of 
Scamozzi,  had  it  been  continued  in  the  Piazza  San  Marco,  would  have  placed  in  the  back 
ground  every  other  piazza  in  Europe.  The  two  lower  stories  of  the  Procurazie  Nuove 
are  similar  in  design  to  the  Library  of  S.  Marco ;  and  it  is  greatly  to  be  regretted  that 
Scamozzi  was  so  much  otherwise  occupied  that  he  had  not  the  opportunity  of  watching 
the  whole  of  its  execution,  which  would  have  extended  to  thirty  arcades,  whose  whole 
length  would  have  been  426  feet.  Scamozzi  only  superintended  the  first  thirteeen ;  the 
three  built  by  Sansovino  excepted,  the  rest  were  trusted  to  the  care  of  builders  rather  tlian 
artists,  and,  fVom  the  little  attention  bestowed  upon  preserving  the  profiles,  exhibit  a  neg- 
ligence which  indicates  a  decline  in  the  arts  at  Venice.  Scamozzi  is  placed  in  the  first 
rank  as  an  architect  by  his  design  for  the  cathedral  at  Saltzburg,  whither  he  was  invited  by 
the  archbishop  of  the  see.  This  church,  which  was  not  completed  till  after  his  death  in 
1616,  is  454  ft.  long,  and  329  ft.  wide,  being  in  the  form  of  a  Latin  cross  on  the  plan,  over 
whose  centre  a  cupola  rises.  The  distribution  of  the  interior  is  with  a  nave  and  two  side 
aisles ;  the  former  whereof  is  64  ft  wide,  and  107  ft.  high.  Scamozzi's  employment 
was  very  extended,  and  his  country  has  to  lament  it ;  for  fewer  commissions  would  have 
insured  greater  perfection  in  their  execution,  which,  in  those  that  exist,  is  often  unworthy 
of  the  name  of  the  master.  Scamozzi  published  a  work  on  the  art,  which  will  be  found  in 
our  list  of  authors  at  the  end  of  this  work.     He  died  in  1616. 

356.  Besides  Giovanni  da  Ponte  and  Alessandro  Vittoria,  the  Venetian  school  contains  the 
names  of  few  more  than  those  we  have  named  :  they  appear  to  have  commanded  the  whole 
of  the  employ  of  the  states  and  neighbourhood  of  Venice  for  a  period  of  about  110  years, 
ending  in  1616.  Wlien,  however,  it  no  longer  continued  to  grow  and  flourish  in  its  native 
soil,  its  scions,  grafted  throughout  Europe,  spreading  their  branches  in  every  country, 
prospered  wherever  they  appeared.  On  the  former  of  the  two  architects  just  named,  a  few 
observations  are  necessary.  He  died  in  1597,  at  the  age  of  eighty-five  years.  Principally 
occupied  in  the  reparation  and  re-establishment  of  the  buildings  of  the  city  that  had  fallen 
into  decay,  he  was  nevertheless  engaged  on  some  considerable  works ;  among  which  was 
the  great  hall  of  the  arsenal  at  Venice,  986  feet  long,  and  the  more  celebrated  work  of  the 
Rialto  Bridge,  whence  he  obtained  the  sobriquet  Da  Fonte,  and  for  the  execution  whereof 
he  competed  with  Palladio  and  Scamozzi.  The  span  of  the  single  arch  of  which  the  work 
consists  is  about  72  ft.,  and  the  thickness  of  the  arch  stones  about  4  ft  4  in.  It  is  seg- 
mental, and  the  height  from  the  level  of  the  water  is  about  22  ft  9  in.  The  width  of  the 
bridge  is  equal  to  the  span  of  the  arch,  and  this  width  is  divided  longitudinally  into  five 
divisions,  that  is,  into  three  streets  or  passages,  and  two  rows  of  shops.  The  middle  street 
or  passage  is  21  ft.  8  in.  wide,  and  the  two  side  ones  near  11  ft  The  number  of  shops  on 
it  is  twenty-four.  Tlie  last  work  of  Da  Ponte  was  the  construction  of  the  prisons  away 
from  the  ducal  palace.  This  edifice  is  a  quadrilateral  building,  with  a  portico  of  seven 
arcades.  A  story  rises  out  of  it  pierced  by  seven  great  windows  decorated  with  pediments, 
and  it  is  joined  to  the  palace  by  the  bridge  so  well  known  under  the  name  uf  Jl  Ponte  dei 
Sotpiri.  The  work  was  not  carried  to  completion  during  Giovanni*s  life,  but  was  finished 
by  his  nephew  Contino.  In  his  church  on  the  Grand  Canal,  constructed  for  the  nuns  of 
Santa  Croce,  there  is  little  merit  except  that  of  solidity ;  indeed,  he  does  not  appear  to 
have  possessed  much  taste,  as  may  be  inferred  from  the  two  ranks  of  columns  in  the  hall  of 
the  arsenal  above  mentioned,  which  cannot  be  said  to  belong  to  any  of  the  species  of  co- 
lunms  usually  employed.  The  solid  character  of  the  great  prison  is  appropriate,  and  morn 
in  consonance  with  the  rules  of  the  art. 

L  4 
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Sect.  XVII. 

KHBKCH    ARCHITBCTUltX. 

S57.  The  architecture  of  Europe  from  the  middle  of  the  sixteenth  century  was  founded 
on  that  of  Italy.  Of  its  value,  the  French  and  the  English  seem  to  have  a  stronger  per- 
ception than  the  rest  of  the  nations.  We  shall  therefore  now  consider  the  architecture  of 
France :  that  of  England  from  a  much  earlier  date  will  be  separately  considered  in  the 
succeeding  chapter.  Philibert  Delorme  was  among  the  first  of  the  architects  of  France 
who  promoted  a  taste  for  good  architecture ;  and  though  in  some  respects  he  may  have  been 
surpassed  by  other  artists  of  his  time,  in  others,  whether  connected  with  theory  or  practice, 
he  has  left  his  rivals  a  great  distance  behind  him.  Although  he  might  not  have  had  the 
purity  of  detul  of  Jean  Buliant,  nor  the  richness  of  invention  and  execution  of  P.  Lescot, 
he  has  acquired  by  his  talent  in  construction  a  reputation  which  has  survived  his  buildings. 
The  Queen  Catherine  of  Medicis  having  resolved  upon  the  construction  of  a  palace  at  Paris, 
which  should  far  surpass  all  that  had  previously  been  done  in  France,  resolved  upon  placing 
it  on  a  spot  then  occupied  by  some  tile  kilns  ( Tuileries)  in  the  &ubourg  St.  Honor^  and 
committed  the  design  and  erection  to  Delorme.  It  is,  however,  contended  by  some  that 
Jean  Buliant  was  joined  with  him  in  the  commission.  If  that  was  really  the  case,  it  is 
probable  that  the  labours  of  the  latter  were  confined  to  details  of  ornament  and  execution, 
rather  than  to  the  general  design  and  disposition.  What,  if  it  was  so,  belonged  to  each 
is  not  now  to  be  discovered  ;  but  the  genius  of  Delorme  has  survived  all  the  revolutions 
the  celebrated  building  in  question  has  undergone.  Catherine  seems  not  to  have  been 
satisfied  with  the  works ;  for  she  appears  to  have  begun  another  palace  on  the  site  of  the 
Hotel  Soissons,  that  of  the  present  Halle  au  Bleds,  and  to  have  entrusted  this  to  the  care  of 
Jean  Buliant.  That  of  the  Tuileries  was  in  the  end  continued  by  Henri  IV.;  enlarged  by 
Louis  XIII.  on  the  same  line,  after  the  designs  of  Du  Cerceau,with  two  main  bodies  and  two 
composite  pavilions;  all  which  were  in  the  time  of  Louis  XIV.  afterwards  brought 
together  by  the  designs  of  Leveau  and  Dorbay.  In  the  centre  pavilion  all  that  now 
remains  of  Delorme's  work  is  the  lower  order  of  Ionic  columns.  This  morsel  of  Delorme 
exhibits  a  good  Ionic  profile  in  the  order,  and  is  one  of  his  best  works.  Generally  speaking, 
the  profiles  of  this  master,  which  Chambrai  has  admitted  into  hb  ParaUile,  msdie  one  ac- 
knowledge tlie  justice  of  that  author's  observation,  that  he  had  **  un  peu  trop  vu  les  plus 
belles  choses  de  Rome,  avec  des  yeux  encore  pr6occup6s  du  style  Gothique.  Le  talent  de 
cet  architecte  consistait  principalement  dans  la  conduite  d*un  batiment,  et  de  vrai  il  6tnt 
plus  consomm^  en  la  connaissance  et  la  coupe  des  pierres  que  dans  la  composition  des 
ordres ;  aussi  en  a^t-il  6crit  plus  utilement  et  bien  plus  au  long.'*  Delorme  was  the 
author  of  two  works  on  architecture:  one,  Un  TraM  con^tede  VArt  de  Baiir,  on  architecture 
generally;  the  other,  Nouvdle$  Ifmentions pour  Irien  h&iir  et  ^  petiUjrait.  The  last  relates 
more  especially  to  a  practice  in  carpentry,  which,  on  the  Continent,  has  been  put  into 
execution  with  great  success,  its  principle  being  still  constantly  applied.  The  method 
of  carpentry  invented  by  Delorme,  and  which  still  goes  in  France  by  his  name,  consists  in 
substituting  for  the  ordinary  system  of  framing  and  rafters  curved  ribs,  in  two  thicknesses, 
of  any  sort  of  timber,  three  or  four  feet  long,  and  one  foot  wide,  of  an  inch  in  thickness,  and 
which  are  connected  in  section  and  tic  according  to  the  form  of  the  curve,  whether  pointed, 
semicircular,  or  segmental  These  arches,  in  order  to  be  strong  and  solid,  should  be  fixed 
at  their  feet  on  plates  of  timber  framed  together,  lying  very  level  on  the  external  walls ; 
and  the  planks  which  are  to  form  the  principal  curve  are  to  be  placed  accurately  upright 
on  their  ends,  in  which  situation  they  may  be  kept  by  braces  morticed  into  them  at  con- 
venient distances,  and  retained  in  their  places  by  wedges,  for  it  is  essential  to  the  strength 
of  this  species  of  carpentry  that  it  should  be  kept  in  a  vertical  position.  In  this  country 
the  species  of  carpentry  just  mentioned  has  never  been  practised  to  the  extent  it  deserves. 
Delorme  died  in  1570.  With  hini  was  cotemporary  Jean  Buliant,  whose  name  has  been 
just  mentioned,  and  who,  whilst  San  Gallo  was  occupied  on  the  Palazzo  Famese,  was 
raising  the  ChUteau  d'Ecouen,  in  which  the  prelude  to  good  taste  is  manifest,  and  in  whose 
details  are  exhibited  the  work  of  an  architect  very  fiir  advanced  above  his  time,  and  capable 
of  raising  the  art  to  a  much  higher  pitch  of  excellence  than  it  enjoyed,  had  not  the  habits 
of  the  nation  rcestrained  him  in  his  useful  course.  A  considerable  portion  of  the  facade  of 
the  Tuileries  towards  the  Carousel  is  suspected  to  hare  been  the  work  of  Buliant ;  but  the 
chateau  of  Ecouon,  built,  or  rather  begun,  about  15*10,  for  the  constable  Montmorency,  was 
almost  the  first  step  to  the  establishment  of  pure  architecture  in  France,  and  its  architect 
may  fairly  be  named  the  Inigo  Jones  of  the  French. 

358.  By  the  wars  in  Italy  under  Charles  VIII.,  Louis  XII.,  and  Francis  I.,  the  French 
had  become  intimately  acquainted  with  the  architecture  of  Italy,  and  the  taste  of  the 
monarch  last  named  induced  him  to  bring  from  that  country  some  of  their  most  celebrated 
artists ;  so  that  in  France  there  was  almost  a  colony  of  them.     Among  them,  fortunately 
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tar  ilw  quicker  working  of  good  tmtte,  wu  the  celebrated  Vignola,  who  resided  in  Fiuice 
inuij  yean ;  ■  drcunixtuice  nhich  maf ,  with  wme  probabilitj,  account  fbr  the  high  esteem 
in  whieti  that  gift  maater'a  piofilei  have  always  beea  held,  and  indeed  in  which  Ihej  are 
■till  held  then,  though,  nnerd}  tpeaking,  th*  F^Dcb  have  inTsriably  been  more  attached 
in  their  pncticc  to  the  Venetian  than  to  the  Roman  achool.  Serlio,  another  Itslian  arehi- 
teet  of  note,  wat  employed  In  tbeeountry  bj  Franei*,  and  actually  died  at  Fonliunebleau. 
At  the  period  wbcm^  wa  are  iKiir  treating  there  appaare  to  hare  beeo  a  numbei-  of  able 
BTtiMa  i  tat  to  Delorme  and  BuUant  muit  be  added  Ltacot,  who,  with  Jean  Gougeon  as  bii 
■culptor,  waa  many  yem*  employed  upon  the  building  unially  called  the  firm  LoKert, 
to  dininguish  it  trim  the  aubsequeul  additions  which  hare  quadrupled  the  original  project 
of  LeKoL  To  judge  oT  the  work*  of  the  French  trebitecta  of  this  period,  a  relatiie,  and 
mt  an  abatraet  view,  must  be  taken  of  them  ;  relative^  we  mean,  to  the  general  cultivatioa  of 
the  arts  when  any  indiTidual  artiil  qipears.  In  thii  reipect  Le«»t'>  worki  at  the  Louvre  are 
mtitled  to  the  gieateM  praise ;  and  from  the  eiamplea  he  ai  well  aa  BuUant  and  Gougeon 
aSirded,  it  might  have  been  expected  that  pure  arcbitaeture  would  hare  proceeded  with- 
out check  until  it  reached  a  point  ai  high  ai  that  to  vhirii  it  had  been  carried  in  Italy. 
Such  wai  not,  howerer,  (o  be  the  caie.  Hary  de  Hedicis,  during  her  regency,  hiving  da- 
tenaincd  on  building  the  Lutembourg  palace,  wai  anxioua  to  have  it  deiipied  in  the  style 
of  the  palacei  of  Fiorenee^  her  mitive  city.  Jacques  de  Broaae,  her  architect,  waa  therefore 
oompelled  to  adopt  the  character  required :  hia  prototype  aeems  (o  have  been  the  Pilti 
palace^  and  hia  venion  of  it  is  a  Ulure.  The  gigantie  palaces  of  Florence  well  enough  bear 
out  agunst  the  rustic  and  embossed  work  employed  upon  them  ;  but  when  their  scale  is  re- 
duced, the  employment  of  masgive  parts  requires  great  caution.  The  palace,  however,  of  the 
Luseiobourg  heame  a  model  for  the  &shion  of  the  day,  and  produted  an  intermediate  style. 
wbidi  laated  many  yean  in  France,  and  arrested  the  arrival  at  peijectioo  whereof  the  abofe 
work  of  Bullant  and  otben  had  opened  a  Gur  prospect.  De  Brosse  was  an  able  artist,  and 
hi*  devgn  for  the  b^ade  of  St.  Uamis  of  three  orders  is,  under  the  circumstances,  entitled 
ID  our  praise.  TUa  architect  aoquired  much  honour  by  the  aqueduct  of  Arcueil,  the  com- 
pletion wbereof,  in  16S4.  it  ia  nippoaed  he  did  not  long  survive. 

359.  Under  Louia  XIV.  the  art  remained  lor  the  moat  part  in  the  intermediate  atate 
juit  itoliced  {  and  yet  that  monarch  and  bis  minister  Colbst  lost  no  opportumty  of  em- 
bdliahtng  the  kingdom  with  its  productions.  He  employed  Bernini  to  make  dengns  for 
the  palace  of  the  Lourre;  and  for  that  pnrpoce  induced  the  artist  to  visit  France,  where  he 
waa  received  with  the  highest  respect.  He  left  a  design  for  a  fa^de  of  the  building  in 
queatkm,  which,  Uwugh  in  a  corrupt  style,  exhibits  nevertheless  marks  of  grandeur  and 
magnificence  which  would  have  b«n  worthy  of  the  monarch.  Bemifii,  disgusted,  as  he 
alleged,  with  the  workmen  of  Paria,  departed  from  the  country  without  leaving  any  ei- 
ample  oi  hia  architectural  powers.  That  he  did  so  France  has  no  reason  to  lament,  since  it 
gave  Perraul  t  the  opportunity  of  ornamenting  the  capital  with  one  of  the  moat  splendid  monu- 
ments «f  the  art  which  Kurt^  can  boaat.  To  Perrault  is  the  credit  due  of  having  given 
an  impulse  to  Frendi  architecture  it  has  never  lost,  and  of  having  ciLangod  the  heavy  atyle 
of  hi*  time  into  the  light  and  agreeable  forma  of  the  Venetian  schooL  The  beauties  of  the 
bfade  of  tbe  Louvre  (^fy.  ITS. )  are  so  many  and  great  that  its  defects  are  forgotten.      The 
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proportions  are  so  exquisite,  that  the  eye  cannot  rest  on  the  coupled  columns  and  the  arch 
of  the  principal  gate  rising  into  the  story  of  the  colonnade.  The  original  profession  of 
Perrault  was  that  of  me<ucine,  which,  however,  he  only  exercised  for  the  benefit  of  his 
friends  and  the  poor ;  hence  the  design  he  made  with  others  in  competition  for  the  above 
work  having  been  successful,  he  was  associated  for  its  execution  with  Louis  le  Veau,  the 
king's  principal  architect  From  the  variety  of  sciences  in  which  Perrault  excelled,  it  is 
not  probable  that  the  assistance  of  a  practical  architect  was  actually  necessary ;  indeed  the 
four  volumes  which  he  published  under  the  title  E§aax9  de  Phygique,  and  the  collection  of 
machines  for  raising  and  removing  great  weights,  which  he  also  published,  show  that  he 
was,  without  assistance,  quite  competent  to  the  charge  which  was  committed  to  him  with 
others.  He  built  the  observatory  at  Paris,  possessing  an  originality  of  character 
which  Milixia  says  is  very  conformable  to  its  purpose.  But  however  suitable  it  may  have 
been  considered  at  the  time  of  its  erection,  and  it  cannot  be  denied  there  is  a  fine  masculine 
character  about  it,  it  is  for  its  purpose  in  the  present  age  altogether  ill  adapted  for  the  ob- 
jects of  astronomy.  Perrault  died  in  1688.  Cotemporary  with  him  was  Le  Mercier,  the 
architect  of  the  church  de  TOratoire,  in  the  Rue  St.  Honor  &  Le  Mercier  died,  however, 
in  1660;  eight  and  twenty  years,  therefore,  before  the  decease  of  Perrault.  Among  the 
architects  whose  practice  was  exceedingly  extended  was  Jules  Hardouin  Mansart,  the 
architect  of  Versailles,  and  the  especial  favourite  of  Louis  XIV.  He  was  principally  em- 
ployed between  the  years  1675  and  his  death  in  1706.  Hb  ability,  as  Milixia  observes, 
was  not  equal  to  the  size  of  his  edifices ;  though  it  is  hardly  fair  for  that  author  to  have 
made  such  an  observation  on  the  architect  of  the  cupola  of  the  Invalides  at  Paris.  Of  this 
church  and  dome  De  Qjuincy  has  most  truly  stated,  that  though  nothing  that  can  be  called 
classic  is  to  be  noticed  about  it,  yet  it  contains  nothing  in  dissonance  with  the  principles  of 
the  art.  It  is  a  whole  in  which  richness  and  elegance  are  combined ;  in  which  lightness 
and  solidity  are  well  balanced ;  in  which  unity  is  not  ii^ured  by  variety ;  and  whose  goieral 
eflfect  silences  the  critic,  however  he  may  be  disposed  to  find  foult.  In  Versailles,  the  taste 
which  we  have  i^ve  noticed  as  introduced  by  De  Brosse  is  prevalent ;  but  the  interior 
of  the  chapel  displays  to  great  advantage  the  great  genius  of  Mansart,  and  that  he  was  not 
incapable  of  the  most  refined  elegance. 

360.  Jacques  Ange  Gabriel  was  the  relation  and  worthy  pupil  of  Mansart  The  colon- 
nades to  the  Garde  Meuble  in  the  Place  Louis  XV.  (now  the  Place  de  la  Concorde)  exhibit 
a  style  which,  with  the  only  exception  of  Perrault*s  focade  of  the  Louvre,  not  all  the 
patronage  of  Louis  XIV.  was  capable  of  eliciting.  To  Gabriel  almost,  if  not  perhaps  as 
much  as  to  Perrault,  the  nation  is  under  a  debt  of  gratitude  for  the  confirmation  of  good 
taste  in  France.  He  has  been  accused  of  pirating  the  Louvre ;  but  reflection  and  com- 
parison will  show  that  there  is  no  real  ground  for  such  an  accusation.  The  difference  be- 
tween the  two  works  is  extremely  wide.  The  basement  of  Perrault  is  a  wall  pierced  with 
windows ;  that  of  Gabriel  is  an  arcade :  in  the  upper  stories  the  columns  arc  not  coupled, 
which  is  the  case  at  the  Louvre.  From  these  circumstances  alone  the  character  of  the  two 
works  is  so  diflTerent,  that  it  is  quite  unnecessary  to  enter  into  other  detail.  Architecture 
in  France  at  this  period,  the  commencement  of  the  eighteenth  century,  was  in  a  palmy 
state,  and  has  never  before  or  since  risen  to  higher  excellence ;  though  the  French  are  still, 
from  the  superior  method  of  cultivating  the  art  there,  and  the  great  encouragement  it  re- 
ceives, the  firat  architects  in  Europe.  The  great  extent  of  the  Place  Louis  XV.  (744  ft. 
long,  and  522  broad)  is  injurious  to  the  effect  of  the  Garde  Meuble,  which,  as  the  reader 
will  recollect,  is  rather  two  palaces  than  one.  Its  basement  is  perhaps,  speaking  without 
reference  to  the  vast  area  in  front  of  it,  too  high,  and  the  intercolumniations  too  wide,  for 
the  order  (Corinthian)  employed ;  but  it  is  easier  to  find  fault  than  to  do  equally  well ;  and 
we  cannot  leave  the  subject  without  a  declaration  that  we  never  pass  away  from  its  beauties 
without  a  wish  to  return  and  contemplate  their  extreme  elegance.  They  are  to  us  of  that 
class  to  which  Cicero's  expression  may  be  well  applied :  **  pemoctant  nobiscum,  peregri- 
nantur.**  Gabriel  died  in  1742.  Antoine,  the  architect  of  the  Mint  at  Paris,  was  another  of 
the  choice  spirits  of  the  period :  he  continued  the  refined  style  whereof  we  are  speaking ; 
and  though  the  age  of  Louis  XV.  was  not  destined  to  witness  the  erection  of  such  stupendous 
edifices  as  that  of  Louis  le  Grand,  it  displayed  a  purer  and  far  better  taste.  This  architect 
was  the  first  who  employed  in  his  country  the  Grecian  Doric,  which  had  then  become  known, 
though  not  perfectly,  by  the  work  of  Le  Roy.  Antoine  used  it  at  L*Hoipice  de  la  Charity ; 
and  De  Quincy  cites  it  as  a  circumstance  which  called  forth  the  approbistion  of  people  of 
taste,  and  observes  that  the  attempt  would  have  attracted  more  followers,  if,  instead  of  exciting 
the  emulation  of  architects  in  the  study  of  it  and  its  judicious  application  to  monuments,  to 
which  the  character  of  the  order  is  suitable,  fashion  had  not  applied  it  to  the  most  vulgar 
and  insignificant  purposes.  Antoine  lived  into  the  present  century,  having  died  in  1801,  at 
the  age  of  68. 

361.  Loub  XV.,  during  a  dangerous  illness  at  Mets,  is  reported  to  have  made  a  vow 
which  led  to  the  erection  of  the  celebrated  church  of  St  Genevieve,  or,  as  it  has  since  been 
called,  the  Pantheon ;  the  largest  modem  church  in  France,  and  second  to  none  in  simplicity. 


ce,  and  VATicty^  Anotlier  eauie  mmy,  however^  with  afl  much  probability,  be  uaigned  ; 
ftdequacj  of  ■ccommodaEion  for  the  retigioui  wuiti  of  the  population,  and  rflpeciaily 
t  appertaining  to  the  palroDBs  Saint  of  Faiia.      Manj  projeeti  had  been  prewnted 
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for  the  purpose,  but  that  of  SoufHot  received  the  preference.  This  talented  artist,  who  was 
bom  in  17 IS,  at  Irancy  near  Auxerre,  after  passing  some  time  in  Italy,  had  been  settled  at 
Lyons,  and  there  met  with  considerable  and  deserved  employment.  In  that  city  the 
great  hospital  had  deserredly  brought  him  into  notice,  for  his  knowledge  in  providing 
against  the  miseries  of  mankind,  not  less  than  had  his  beautiftU  theatre  for  providing  for  its 
pleasures.  The  plan  (Jig,  177. )  of  the  Pantheon  (so  it  is  now  usually  called)  is  a  species 
of  Greek  cross,  llie  interior  is  separated  into  three  very  unequal  parts  by  isolated  columns, 
instead  of  the  plans  previously  in  use  of  arcades  decorated  with  pilasters.  It  is,  however, 
strictly,  in  its  internal  as  well  as  external  character,  to  be  classed  as  belonging  to  the  Vene- 
tian school.  Its  west  front  and  transverse  section  are  given  in  ^^.  178.  The  light  eflfect, 
which  is  so  striking  in  the  interior,  produced  by  the  employment  of  colunms  instead  of 
the  old  system  of  arcades,  is  extremely  pleasing,  though,  as  has  often  been  truly  urged, 
they  have  no  office  to  perform.  Objections,  moreover,  have  been  taken  to  the  wide  interco- 
lumniations  of  the  portico,  and  to  some  other  parts,  which  here  it  is  unnecessary  to  particu- 
larise. It  is,  notwithstanding  all  that  has  been  written  against  it,  most  certainly  entitled 
to  take  the  fourth  place  of  the  modem  great  churches  in  Europe ;  which  are,  Santa  Maria 
del  Fiore  at  Florence,  St.  Peter*s  at  Rome,  St.  Paul's  at  London,  and  then  the  church  in 
question.  Its  greatest  &ult  is  instability  about  the  piers  of  the  cupola, — the  old  &ult,  from 
which  not  one  is  altogether  fi«e,  and  one  which  gave  Soufflot  so  much  uneasiness  that  it 
is  said  to  have  hastenied  his  death.  This  fiulure  was  afterwards  rectified  by  his  celebrated 
pupil  Rondelet,  who,  with  consummate  skill,  imparted  perfect  and  lasting  security  to  the 
edifice. 

368.  We  ought  perhaps  before  to  have  mentioned  the  name  of  Servandoni,  as  eminently 
influencing,  in  his  day,  the  taste  of  Paris,  which,  as  the  world  knows,  is  that  of  France.  A 
Florentine  by  birth,  and  a  scholar  of  the  celebrated  Pannini,  he,  in  1731,  exhibited  a  model 
for  the  fiifade  of  St.  Sulpice ;  and  after  a  year's  probation  before  the  public,  it  was  adopted. 
On  an  extended  front  of  1 96  ft.  he  succeeded  in  imparting  to  it,  as  a  whole,  an  air  of  great 
mi^esty,  and  of  giving  to  the  church  a  porch  of  vast  extent  without  injury  to  the  general 
eflfect.  Servandoni  was  very  extensively  employed :  his  style  was  that  of  the  Venetian 
school ;  and  his  death  occurred  in  1766. 

363.  To  write  an  history  of  the  modem  architecture  of  France,  and  at  the  same  time  to 
do  its  professors  justice,  would  require  a  much  larger  volume  than  that  under  our  pen : 
we  profess  to  give  no  more  than  a  birdVeye  view  of  it,  so  as  to  bring  the  reader  generally 
acquainted  with  its  progress;  and  it  is  not  without  much  r^ret  that  we  propose  closing  our 
account  of  it  in  the  person  of  Jacques  Gondouin,  who  died  at  Paris  in  1818,  at  the  age  of 
eighty-one;  an  architect  whose  veneration  for  the  works  of  Palladio  was  so  uidbounded,  that 
for  the  study  of  them  exclusively  he  performed  a  second  journey  into  Italy :  a  strange 
in&tuation  in  a  man  of  great  acquirements,  if  the  opinions  of  some  of  our  anonymous 
critics  are  of  any  value.  When  Gondouin  was  employed,  the  heavy  style  of  Louis  XIV.  had 
passed  away,  and  the  suitable  and  el^ant  style  of  the  Venetian  school  had  been  adopted. 
The  pupils  of  Blondel,  among  whom  he  was  eminent,  were  stimulated  by  the  patronage  of 
the  whole  capital ;  and  even  in  the  present  day,  so  far  capable  are  its  inhabitants  of  appre- 
ciating the  merits  of  an  architect,  regret  as  we  may  to  record  it,  that  it  is  from  that  circum  • 
stance  alone  likely  to  maintain  its  superiority  over  all  others  in  Europe.  The  most  celebrated 
work  of  Gondouin  is  the  Ecole  dc  M^decine,  whose  amphitheatre  for  lectures,  capable  of 
holding  1200  persons,  is  a  model  for  all  buildings  of  its  class,  without  at  all  entering  on 
the  great  merits  of  the  other  parts  of  the  building.  He  was  one  of  those  upon  whom  the 
eflfects  of  the  French  Revolution  fell  with  particular  force,  though,  upon  the  re-establish- 
ment of  order,  he  in  some  measure  recovered  his  station  in  society.  He  was  entrusted  with 
the  erection  of  the  column  in  the  Place  Vendome,  but  merely  as  respected  its  preparation  for 
the  sculpture. 

464.  In  Paris  is  to  be  found  some  of  the  most  beautiful  street  architecture  in  Europe. 
That  of  Rome  and  Florence  is  certainly  of  a  very  high  class,  and  exhibits  some  examples 
which  will  probi^ly  never  be  equalled.  These,  moreover,  have  associations  attached  to  them 
which  spreul  a  charm  over  their  existence  of  which  it  is  not  easy  to  divest  one's  self,  and 
which,  perhaps,  contain  some  of  the  ingredients  which  enter  into  our  high  admiraticm  of  them. 
But,  on  a  great  and  general  scale,  the  most  beautiful  street  architecture  in  Europe  is  to  be 
found  in  Paris ;  and  so  great  in  this  respect  do  we  consider  that  city,  that  we  are  certain 
the  education  of  an  architect  is  far  from  complete  if  he  be  not  intimately  acquainted  with 
the  examples  it  aflTords.  In  that,  as  in  most  €^  the  cities  of  Europe,  the  requirements  of  the 
shopkeeper  interfere  with  the  first  principles  of  the  art  r  but  in  this,  less  than  others,  the 
violation  of  the  rules  of  sound  buildLig,  so  as  to  connect  them  with  his  accommodation,  are 
less  felt  by  the  critical  observer  than  elsewhere.  Tlie  spirit  which  seems  to  actuate  the 
French  nation  is  to  produce  works  which  may  properly  be  called  monumental;  in  this  country, 
the  government  has  never  applied  itself  to  a  single  work  worthy  of  that  epithet.  The  prin- 
cipal care  of  an  English  minister  seems  to  be  that  of  keeping  his  place  as  long  as  the  nation 
will  endure  him.     Commerce  and  politics  are  the  only  subjects  which  such  a  personage 
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seenw  to  think  worthy  his  attention,  and  the  sciences  have  only  been  patronised  by  the 
govemmeni  in  proportion  to  their  bearing  on  those  two  absorbing  points.  But  we  shall 
perhaps  revert  to  this  in  the  following  chapter. 


Sbct.  XVIII. 

OEaMAV. 


365.  No  country  exhibits  more  early,  beautiful,  or  interesting  specimens  of  Romanesque 
and  pointed  architecture,  than  Germany.     The  Rhine,  and  the  southern  parts  of  it  which 
were  under  the   sway  of  the  Romans,  are  those,   as    we    have    already  observed,   in 
which  these  are  prineipally  to  be  found.      Their  history,  however,  has,  sufficiently  for 
general  purposes,  been  traced  under  the  sections  of  Byxantine  or  Romanesque  and  Pointed 
Architecture.    The  revival  of  the  arts  in  Italy,  as  it  did  in  other  nations,  here  equally  brought 
in  the  styles  of  the  Italian  schools,  which,  as  elsewhere  throughout  Europe,  have  lasted  to 
the  present  period ;  and  will  certainly  endure  until  some  general  change  in  the  habits  of 
its  diftrent  nations  renders  necessary  or  justifies  seme  other  style  as  a  worthy  successor  to 
them.    On  this  to  q>eculate  were  a  waste  of  time ;  though  there  be  some,  and  those  men  of 
talent,  who  contemplate  a  miUennitun  of  architecture,  by  making  every  thing  in  style  de- 
pendent on  the  new  materials  (cast-iron  for  instance)  which  it  is  now  the  practice  to  employ, 
and  often,  it  must  be  conceded,  most  usefully.     Whilst  the  pointed  style  lasted  in  Europe, 
Italy  was  occasionally  indebted  to  the  Germans  for  an  architect.    Thus,  notwithstanding  the 
demal  of  Milixia,  Lapo,  a  German  architect,  was  employed  in  the  early  stages  of  construction 
of  Santa  Maria  del  Fiore ;  and  it  is  well  authenticated  that  Zamodia  a  German,  Annex  of 
Friburg,  and  Ulric  of  Ulm,  were  employed  on  the  cathedral  at  Milan.     Franchetti  (  Storia 
e  Dewcriziome  del  Dwomo  di  MUamo,  4to.  MiUn,  1821)  asserts,  that  the  first  of  these  was 
engaged  on  it  about  1391,  the  period  of  the  golden  age  of  pointed  architecture  in  Germany; 
and  the  reputation  of  the  Germans  in  this  respect  was  at  that  time  so  great,  that  John 
and  Simon  of  Cologne  were  actually  carried  into  Spain  for  the  purpose  of  designing  and 
carrying  into  execution  the  cathednd  at  Burgos.     It  is  at  this  period  difficult  to  assign 
the  cause  of  the  nati<»  so  completely  dropping  astern,  to  use  a  nautical  phrase,  in  the  fine 
arts,  and  more  particularly  architecture.     It  was  most  probably  the  result  of  their  political 
condition,  and  the  consequent  relative  position  they  occupied  in  the  affiurs  of  Europe. 
But,  whatever  the  cause,  it  is,  in  foct,  most  certain,  that  iirom  the  revival  of  the  arts  in  Italy 
until  near  the  end  of  the  18th  century,  Germany  furnishes  the  names  of  few,  if  any,  architects 
who  are  known  beyond  the  limits  of  the  country.    Italy  during  the  time  in  question  seems 
to  have  repaid  the  nation  for  the  early  assistance  rec^ved  from  them.  At  Fulda  and  Vienna, 
Carlo  Footana  was  extensively  engaged ;  Guarini  on  the  church  of  Santa  Anna  at  Prague ; 
ScanuMcst  on  the  cathedral  at  Salzburg ;  Andrew  Posxo,  who  died  at  Vienna  in  1 709,  was 
there  employed  on  several  of  the  churches :  Martinelli  of  Lucca  was  another  of  the  number 
that  were  solicited  to  decorate  the  country  with  their  works.     Fischers,  indeed,  was  a  na- 
tive ;  but  his  works,  and  especially  his  palace  at  Schbnbrun,  b^un  in  1696  for  the  Emperor 
Joseph,  though  not  altogether  without  merit,  is  but  a  repetition  of  the  extravagances  of  the 
sdMol  of  Borromini ;  and  equally  so  was  the  palace  built  by  the  same  artist  for  Prince 
Eugene  at  Vienna,  in  1711.      {Euai  d'ArckUectmre  Hi$ioriane,  Leipsig,  1725.)     Pietro 
Cart,  who  built  the  bridge  at  Nuremberg,  Neuman,  Bott,  and  Eosander  of  Prussia,  are  the 
only  native  architects  of  the  period  recorded  by  Milisia. 

966.  But  it  was  not  only  frt>m  Italy  that  Uie  Germans  drew  their  architects  :  France 
emtribated  a  supply  to  the  country  in  the  persons  of  Blondel,  who  was  there  much  em- 
ployed towards  the  rad  of  the  17th  century ;  Robert  de  Cotte  and  Bofirand  in  the  first  part 
of  that  following.  It  is  therefore,  frt>m  what  has  been  stated,  impossible  to  give  any 
independent  account  of  the  architecture  of  Germany.  The  Germans  had  none.  Whoso 
were  their  architects,  they  were  the  followers  of  a  style  which  contemporaneously  existed 
in  France  and  Italy  even  down  to  the  bizarreries  of  that  which  prevailed  in  the  time  of 
Louis  XV. ;  and  it  is  a  very  curious  fact,  that  whilst  Germany  was  seeking  the  aid  of 
architects  from  France  and  Italy,  England  could  boast  of  professors  of  the  art  whose  fame 
will  endure  while  printing  remuns  to  spread  knowledge  amongst  mankind.  During  the 
last  century,  Germany  appears  to  have  risen  in  this  respect  from  its  slumber,  and  to  have 
produced  some  men  ot  considerable  architectiural  abilities.  Of  these  was  Carl.  Gottfaard 
Langhans,  who  was  bom  in  1732,  and  built  the  celebrated  Brandenburg  gate  at  Berlin, 
which,  though  formed  much  on  the  model  of  the  Propylea  at  Athens,  and  therefore  on  the 
score  of  origmality  not  entitled  to  that  praise  which  has  been  so  unsparingly  exhausted  upon 
it,  proves  that  a  vast  change  had  begun  in  Germany  as  respected  matters  of  taste  in  ar- 
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chitecture.  Cities  prove  sad  poverty  of  imagination  on  the  part  of  the  artist  copying ;  and 
all,  therefore,  that  can  be  said  in  fiivour  of  such  an  expedient  as  that  under  consideration 
is,  that  better  forms  being  submitted  in  this  example  to  the  Germans,  it  created  a  dawn  of 
taste  to  which  they  had  long  been  strangers.  The  inaccurate  work  of  Le  Roy,  which  had 
preceded  that  of  Stuart  and  Revett  on  the  antiquities  of  Athens,  was  the  means  through 
which  Langhans  wrought  and  tried  his  succe^ul  experiment.  In  France,  as  we  have 
already  observed,  Antoine  had  tried  the  employment  of  the  Grecian  Doric  at  Paris,  but 
without  the  impression  produced  by  Langhans.  This  architect  died  at  Berlin  in  1 808, 
and  is,  perhaps,  entitled  to  be  considered  as  the  father  of  good  architecture  in  Germany, 
where  he  met  the  highest  patronage  and  encouragement.  KnoblesdorflT,  who  died  in  1753, 
had,  it  must  be  allowed,  prepared  in  some  measure  the  change  which  was  effected ;  but 
neither  he  nor  his  successor  are  known  in  the  world  of  art  beyond  the  confines  of  their 
own  country.  The  names  of  Boumann,  Goutard,  Naumann,  and  others  of  much  merit, 
occur  to  us ;  but  the  examples  which  they  have  left  are  not  of  the  class  that  justify 
specimens  for  presentation  to  the  reader  in  a  general  work  of  this  nature.  None  of  them 
rise  so  high  as  to  be  put  in  competition  with  the  examples  of  the  French  school ;  and  the 
circumstance  of  the  principal  works  of  Germany  at  Munich,  Berlin,  &e.  having  been 
executed  by  artists  still  living,  we  feel  precluded  here  from  allusion  to  them  ;  because,  if 
we  were  to  enter  on  an  examination  of  them,  we  must  detail  their  defects  as  well  as  their 
beauties.  An  extraordinary  species  of  bigotry  has  laid  hold  on  some  in  relation  to  them, 
which  time  will  temper ;  and  the  world,  as  it  always  does,  will  ultimately  come  to  a  right 
judgment  of  the  rank  they  are  entitled  to  occupy  as  works  of  art.  In  the  other  branches 
the  Germans  are  rising  Cast ;  but  there  is  withal  an  affectation  of  the  works  of  the  middle 
ages  in  their  productions,  which,  impressed  as  they  are  with  great  beauUes,  are  not  suffi- 
ciently pure  to  prognosticate  the  establishment  of  schools  which  will  sweep  all  before  them, 
as  did  those  of  Italy. 


Sect.   XIX. 

SPAIN    AND    PORTUGAL. 


367.  What  has  been  said  in  the  preceding  section  on  the  architecture  of  Germany  is 
equally  applicable  to  that  of  Spain  and  Portugal,  whose  architects  were  educated,  if  not  in 
the  schools  of  Italy,  yet  on  the  principles  that  guided  them.  Still,  the  pre-eminence  in 
architecture  on  the  revival  of  the  arts  must  be  given  to  these  countries  over  the  con- 
temporaneous buildings  erected  in  Germany,  and  more  especially  to  those  of  Spain. 
Under  Ferdinand  and  Isabella,  both  greatly  attached  to  the  fine  arts,  the  pointed  style 
gave  way  to  the  architecture  then  in  esteem  in  Italy  ;  and  Giovanni  de  Olotzaga,  a  native 
of  Biscay,  is,  we  believe,  entitled  to  the  merit  of  having  first  introduced  it  in  the  great 
college  of  Santa  Croce  at  Valladolid,  which  was  commenced  in  1480,  and  finished  in 
1492.  About  the  same  period  appeared  Pietro  de  Gumiel,  supposed  to  have  been  the 
architect  of  Santa  Engracia  at  &iragossa ;  but  known  as  the  artist  who  designed  the 
college  of  Alcala,  a  splendid  building  in  a  mixed  and  impure  style.  In  this  the  orders 
were  employed.  The  edifice  consists  of  three  courts  :  the  first  Doric,  with  an  arcade  and 
two  orders  above,  in  the  lower  whereof  the  Doric  was  repeated,  and  the  upper  was  Ionic  ; 
the  second  court  has  thirty-two  Composite  columns,  with  arcades ;  and  the  third  is  de- 
signed with  thirty-six  Ionic  columns,  beyond  which  is  the  theatre.  The  church  is  of  the 
Ionic  order,  and  contains  the  monument  of  Cardinal  Ximenes,  the  founder,  considered  one 
of  the  finest  in  Spain.  The  names  of  Giovanni,  Alonso,  and  Fra  Giovanni  d'Escobado 
continue  in  their  works  the  history  of  the  art  in  Spain,  wherein  a  style  between  the  pointed 
and  Italian  prevailed  during  the  greater  part  of  the  reign  of  Charles  V.  Giovanni  Gil  de 
Hontanon,  at  the  end  of  the  15th  century,  appears  in  Spain  as  an  architect  of  much 
celebrity.  He  made  a  design  for  the  cathedral  at  Salamanca,  which  was  submitted  to  the 
judgment  of  four  of  the  then  most  eminent  architects  of  the  country, — Alonso  de  Cobarrubias, 
the  architect  of  the  church  at  Toledo ;  Mastro  Filippo  of  that  of  Seville ;  Giovanni  di 
Badiyos  of  that  of  Burgos ;  and  Giovanni  Balleso,  by  whom  Hontanon*s  design  was  approved 
and  commended.  This  church  is  378  ft  long,  and  has  a  nave  and  two  series  of  aisles  on  each 
side.  The  nave  is  130  ft.  high,  and  50  ft.  wide.  Rodrigo  Gil,  son  of  the  above-named 
architect,  had  the  execution  of  this  church,  which  commenced  in  1513.  It  was  probably 
this  Rodrigo  who,  in  1525*,  erected  the  church  of  Segovia,  very  similar  to  that  of  Salamanca, 
except  that  it  is  more  simple,  and  in  a  purer  style.  The  cathedral  of  Segovia,  equal  in 
size  and  grandeur  to  those  of  Toledo  and  Seville,  was,  after  1 577,  carried  on  by  Francesco 
de  Campo  Aguero,  who  died  in  1660;  to  whom  succeeded  Biadero,  who  died  in  1678. 
Respecting  Hontanon,  Don  Ant.  Pons  observes,  in  the  10th  volume  of  his  lYavda  in 
Spain,  that  he  must  have  been  a  clever  architect,  and  well  acquainted  with  the  Greek  and 
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Roman  styles,  which  in  his  time  were  beginning  to  revive ;  but  that,  like  many  other  artists, 
he  was  obliged  in  some  measure  to  humour  the  taste  of  those  who  employed  him  :  he 
therefore  adopted  the  Gothic  style,  without  the  ornaments  and  details.  The  eflfbrts  of  the 
architects  of  this  period  were  not  confined  altogether  to  church  building ;  for  in  1 652 
Pietro  de  Una  constructed  a  bridge  at  Almaraz  over  the  Tagus,  which  may  vie  with  the 
most  extraordinary  works  of  that  class.  Two  large  pointed  arches  form  the  bridge,  which 
is  580  ft  long,  25  ft.  wide,  and  1S4  ft.  high.  The  opening  of  one  of  the  arches  is  150  ft., 
that  of  the  other  119  ft.  The  piers  are  lofty  towers,  that  in  the  centre  standing  on  a  high 
rock.  Another  pier  has  a  semicircular  projection  between  the  arches,  forming  a  piazca  at 
the  top. 

S68.  Alonso  de  Cobarrubias,  the  architect  of  the  church  of  Toledo,  seems  to  have  used 
in  it  a  Gothic  sort  of  style,  though  when  he  flourished  the  Roman  orders  had  become 
known  and  used.  This  Alonzo  was  in  considerable  employ,  as  was  his  assistant,  Diego 
Siloe,  who  built  the  church  at  Granada,  with  the  monastery  and  church  of  San  Girolamo 
in  that  city.  This  cathedral  has  a  nave  and  two  aisles ;  and  in  it  the  Corinthian  order, 
though  defective  in  height,  is  used.  The  cupola  is  well  designed.  Both  Siloe  and  his 
master  loaded  their  buildings  with  sculptures  to  excess,  from  a  seeming  notion  that  beauty 
and  richness  were  the  same  or  inseparable.  Alonzo  Berruguette  was  another  architect  of 
the  16th  century  who  was  deservedly  employed.  He  went  to  Italy  in  1500,  there  to 
pursue  his  studies  in  the  arts  of  painting  and  sculpture  as  well  as  architecture,  and  was 
at  Florence  when  Michael  Angelo  and  Leonardo  da  Vinci  exhibited  their  cartoons. 
He  was  the  architect  of  Charles  V. ;  and  it  is  supposed  that  he  designed  the  palace  at 
Madrid,  begun  by  Henry  II.,  continued  by  Henry  III.,  and  splendidly  rebuilt  by 
Charles  V.,  but  no  longer  in  existence.  Berruguette  erected  the  gate  of  San  Martino, 
which  is  the  principal  one  at  Toledo.  It  is  of  the  Doric  order,  with  the  royal  arms  on 
the  exterior,  and  a  statue  of  Santa  Leocadia  in  the  interior,  lliere  are  great  simplicity 
and  el^ance  in  the  composition  of  this  work.  The  palace  of  Alcala,  the  residence  of  the 
archbishop  of  Toledo,  is  attributed  to  him ;  a  building  not  wanting  in  magnificence, 
though  defective  in  its  detail.  A  great  portion  of  the  cathedral  of  Cuen^a  is  said  to  be 
by  Berruguette ;  but  not  the  fii^ade,  which  was  erected  in  1699  by  Guiseppe  Arroyo,  and 
afterwards  continued  by  Luigi  Arriaga.  There  b  considerable  effect  about  the  cloister, 
which  is  well  and  ingeniously  decorated.  This  architect,  it  is  thought,  had  some  part  in  the 
Fardo,  which  was  rebuilt  in  1547  ;  where  are  still  allowed  to  remain, — notwithstanding  the 
additions  by  Philip  II.  of  the  miserable  eastern  and  western  facades — the  porticoes  of  Ionic 
oolunma,  with  their  low  stone  arches.  Though  the  windows  are  greatly  too  fiur  apart,  and 
too  small  in  the  lower  story,  the  stairs  difficult  of  ascent,  yet,  upon  the  whole,  the  edifice 
is  not  ill  arranged  or  executed.  At  the  period  whereof  we  here  speak  there  was  a  pro- 
digious passion  among  the  Spaniards  for  large  screens  and  altars  in  the  churches  ;  in  these 
the  taste  of  Berruguette  was  most  conspicuous.  In  the  use  of  the  orders,  which  he  fully 
understood,  he  was  remarkably  fond  of  employing  them  over  one  another.  Tlie  cathedral 
at  Seville  was  principally  rebuilt  by  Ferdinando  Ruiz,  who  was  much  engaged  in  the  city, 
and  especially  on  enlarging  or  raising  the  well-known  tower  called  the  Giralda.  This 
angular  edifice  was  begun  in  the  11th  century,  the  original  idea  of  it  being  given  by  the 
architect  Geber,  a  native  of  Seville,  to  whom  the  invention  of  algebra  is  attributed  ;  and 
also  the  design  of  two  other  similar  towers,  one  in  Morocco,  and  the  other  at  Rabata. 
The  tower  of  which  we  are  now  speaking  was  at  first  250  ft.  high,  and  50  ft.  wide,  and 
was  without  diminution  as  it  rose.  The  walls  are  8  ft  thick  of  squared  stones  firom  the 
level  of  the  pavement ;  the  rest  for  87  ft  is  of  brick.  In  the  centre  of  this  tower  is  a 
smaller  one,  the  interval  between  the  two  towers  being  23  ft.,  which  serves  for  the  ascent ; 
one  so  convenient  that  two  persons  can  mount  it  on  horseback.  The  centre  tower  does 
not  diminish  ;  but  as  the  edifice  rises  in  height  the  walls  gather  over,  so  as  to  allow  the 
passage  of  only  one  person.  Upon  the  Moors  of  Seville  negotiating  their  surrender,  one 
of  the  conditions  of  it  was,  that  this  tower  should  not  be  destroyed ;  to  which  Don 
Alpbonso,  the  eldest  son  of  the  king,  answered,  that  if  a  portion  of  it  were  touched,  not 
a  man  in  Seville  should  survive.  In  the  earthquake  of  1395  it  was  partially  injured,  and 
remained  in  the  state  of  misfortune  that  then  occurred  until  1 568,  when,  by  the  authorities, 
Ferdinando  Ruiz  received  the  commission  to  raise  it  100  ft.  higher.  This  height  he 
divided  into  three  parts,  crowning  it  with  a  small  cupola  or  lantern  :  the  first  division  of 
his  addition  is  of  equal  thickness  with  the  tower  on  a  plinth,  whence  six  pilasters  rise  on 
each  facade,  between  which  are  five  windows,  over  which  is  an  entablature  surmounted  by 
balustrades ;  the  second  division  is  lower,  with  the  same  ornament ;  and  the  third  is 
octagonal  with  pilasters,  over  which  the  cupola  rises,  crowned  with  a  bronze  statue  of 
Faith,  vulgarly  called  "  La  Giralda."  Ruiz  by  this  work  augmented  his  fitme ;  and  not- 
withstanding the  earthquakes  which  have  since  occurred,  he  has  been  fbrtunate  aiough  to 
preserve  it.  We  have,  however,  to  apologise  to  our  readers  for  this,  which  is  anecdote,  and 
not  quite  in  order  to  be  placed  here,  because  partly  connected  with  a  period  we  have  long 
since  left.     Pictorially  speaking,  the  tower  of  the  Giralda  is  a  splendid  object,  and  the 
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apology  was,  perhaps,  unnecessary.  The  age  of  Charles  V.  in  Spain  was  Augustan  for 
its  architecture.  By  his  mandate  the  palace  was  raised  at  Granada,  a  work  of  Machuca, 
another  architect  of  this  period.  The  principal  fiifade  is  rustic,  with  three  large  gates,  and 
eight  Doric  columns  on  pedestals  sculptured  with  historical  bassi-rilievi.  The  second 
story  is  Ionic  with  eight  columns,  over  which  are  pilasters.  The  internal  vestibule  is  <m 
a  circular  plan,  with  a  portico  and  gallery  on  columns  of  the  same  order.  Miiixia,  from 
whom  we  have  extract^  all  our  notices  on  the  architecture  of  Spain  in  this  age,  regrets 
that  the  arches  spring  from  the  columns.  Though  we  cannot  commend  such  a  practice, 
we  should  be  sorry,  in  certain  cases,  to  see  a  veto  put  upon  it ;  because  the  practice  is 
occasionally  compatible  with  fine  effect. 

S69.  Towards  the  end  of  the  nxteenth  century  iq>pears  in  Spain  an  artist,  by  name  Do- 
menico  Testooopoli,  by  birth  a  Grecian,  and  a  disciple  of  Tiziano  Veoelli.  He  became, 
under  his  master,  a  good  painter ;  but  is  known  in  SpAin  rather  as  a  celebrated  architect 
in  his  day.  At  Macuid,  and  in  Toledo,  he  executed  many  works  of  merit ;  but  his  grand 
work  was  the  church  and  monastery  of  the  Bemardine  monks  of  San  Dominico  di  Silos,  in 
which  he  employed  his  talents  in  architecture,  painting,  and  sculpture,  the  whole  being 
from  his  hand. 

370.  Garzia  d*Emere  and  Bartolomeo  di  Bustamente,  the  latter  especially,  would  re- 
quire an  extended  notice  in  the  history  of  the  art  in  Spain,  if  our  limits  permitted  us  to 
enter  on  their  merits.  The  latter  was  the  architect  of  the  hospital  of  San  Giovanni  Battista, 
founded  by  its  archbishop  in  1545,  near  Toledo.  We  should  continue  the  account  if  works 
existed  from  which  a  feature  different  fi^m  the  contemporaneous  works  in  the  rest  of 
Europe  could  be  extracted ;  but  the  fact  is,  that  the  progress  of  the  art  has  already  been 
told  in  other  countries,  and  its  success  in  Spnm  would  be  but  a  repetition  in  minor  d^ree 
of  what  has  already  been  said.  Still  we  consider  some  notice  must  be  taken  of  .Giovan- 
batista  of  Toledo,  who  died  in  1567,  an  architect  and  sculptor  of  surpassing  merit; 
and  as  he  was  the  architect  who  gave  the  designs  for  the  fa9ade  of  the  Escurial,  we  shall 
not  apologise  for  transcribing  the  account  of  him  given  by  Milizia. 

371.  Having  studied  at  Rome,  he  was  invited  to  Naples  by  Don  Pietro  di  Toledo, 
then  viceroy  there,  who  employed  him  as  architect  to  the  Emperor  Charles  V.  in 
many  important  works  in  that  city,  whence  he  was  called  by  Philip  II.  to  become 
architect  of  all  the  royal  works  in  Spain,  and  especially  of  the  Escurial,  which  that 
monarch  was  anxious  to  erect  in  the  most  magnificent  style.  For  this  purpose  he  left  Na- 
ples, and  in  156S  commenced,  upon  his  own  design,  the  Escurial,  which  he  continued  to 
superintend  till  his  death  in  1567.  In  this  great  undertaking  he  was  succeeded  by  Gio- 
vanni d'Herrera,  his  pupil,  who  finished  it.  Hiose,  therefore,  says  the  author  whom  we 
quote,  that  attribute  this  work  to  Luigi  de  Foix,  to  Bramante,  to  Vignola,  apd  other  archi- 
tects who  may  have  given  designs  for  it,  are  unacquainted  with  the  subject.  Tlie  wonders 
related  of  the  Escurial,  as  to  the  number  of  its  doors  and  windows,  are  not  tales  to  be  here 
recounted ;  and  the  attempt,  indeed,  at  exaggeration  is  vastly  silly,  because  it  is  on  so  grand 
a  scale  that  the  simple  truth  imparts  quite  sufficient  knowledge  for  conveying  an  idea  of  its 
splendour.  The  motives  of  Philip  II.  in  founding  this  structure  were  twofold,  —  first, 
the  iigunction  of  his  predecessor  Charles  V.,  who  was  desirous  of  constructing  a  tomb  for 
the  royal  family  of  Spun ;  and  secondly,  of  erecting  an  edifice  of  colossal  dimensions  to 
commemorate  the-famous  victory  of  S.  QuinUn,  achieved  on  the  festival  of  San  Lorenzo, 
the  saint  to  whose  interposition  Uie  king  attributed  his  success.  The  situation  chosen  to 
receive  it  was  beautiful.  It  is  at  the  distance  of  a  few  miles  from  Madrid,  at  the  foot  of  the 
Carpentani  mountains,  by  which  the  two  Castiles  are  divided.  The  plan  of  the  edifice  is 
said  to  resemble  a  gridiron,  the  instrument  of  martyrdom  of  Saint  Lawrence,  of  which  the 
handle  is  the  projection  in  the  eastern  fa9ade ;  we  confess,  however,  we  have  some  difficulty 
in  tracing  the  resemblance.  It  is  divided  internally  into  fifteen  courts,  varying  consider- 
ably in  size ;  many  of  them  are  decorated  with  porticoes  and  galleries,  and  contain  in  all 
upwards  of  eighty  fountains.  The  materials  are  granite  very  well  wrought ;  the  roofs 
sartly  covered  witii  lead  and  partly  with  slate.  The  cupola  of  the  church  is  stone.  Tlie 
four  angles  of  the  main  plan  are  distinguished  by  towers  rising  four  stories,  besides  those 
iivthe  roofs,  above  the  general  fironts ;  berides  which  there  are  four  others  flanking  the  cu- 
pola. Parts  of  the  building  are  in  much  better  taste  than  others ;  but  such  an  enormous 
pile  of  building  cannot  be  otherwise  than  imposing,  more  especially,  too,  if  there  be  any- 
thing like  symmetry  and  regularity  in  the  parts.  Towards  the  west  the  principal  fii9ade 
is  740  feet  long  and  60  feet  in  height.  The  towers  at  the  angles  just  mentioned  rise  to 
the  height  of  200  feet.  Thb  fii^ade,  like  the  others,  has  five  stories  of  windows,  which 
necMsarily  of  themselves,  firom  the  way  in  which  tbey  are  arranged,  have  the  effect  of 
cutting  it  up  into  minute  divisions.  The  central  compartment  of  it  is  140  feet  in  length, 
and  consists  pf  two  orders  of  half  columns ;  the  lower  has  eight  semi-columns,  which  are 
Doric,  standing  on  a  plinth,  and  in  the  central  intercolumniation  is  the  door ;  the  other 
intercolumniations  are  filled  in  with  niches  and  windows  in  three  stories.  The  upper  order 
is  of  four  Ionic  columns  on  pedestals,  which  are  surmounted  by  a  pediment.     This  upper 
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order  has  two  stories  of  niches  in  its  intercolumniations,  in  the  upper  central  one  whereof 
IS  placed  the  statue  of  St.  Lawrence.  Tlie  two  minor  doors  in  this  fa9ade  are  also  made 
features  in  the  design.  T^e  fii9ade  towards  the  east  has  the  iUvjecting  handle  of  the  grid- 
iron to  which  we  have  alluded,  in  which  part  is  contained  the  palace ;  and  westward  of  it 
the  great  chapel  or  church,  with  its  cupola  rising  above  the  mass,  to  complete  the  com- 
position. Towards  the  south  the  length  is  580  ft.,  similar  to  the  length  on  the  north.  On 
entering  from  the  central  gate  of  the  western  &9ade,  the  monastery  is  divided  from  the  col- 
lege bj  a  large  vestibule,  from  which  three  large  arched  openings  lead  into  the  king's  court : 
this  is  230  ft.  long,  and  136  ft.  wide,  surrounded  hj  buUdings  of  five  stories,  and  orna- 
mented with  pilasters.  At  the  eastern  aid  of  this  court  is  the  entrance  to  the  church,  over 
whose  vestibule  or  pronaos  are  the  libraries.  To  it  a  flight  of  seven  steps  crosses  the  whole 
width  of  the  court ;  and  from  the  landing  rises  a  Doric  arcaded  porch  of  five  openings,  three 
whereof  belong  to  the  central  compartment  and  lead  to  the  church,  the  other  two  leading 
to  the  monastery  and  the  collie.  Behind  the  porch  the  fii^ade  of  the  church  rises,  and  is 
flanked  by  two  towers,  which  respectively  belong  to  the  monastery  and  college,  and  are 
ornamented  above  the  general  height  of  the  buildings  of  the  court  with  two  orders  of 
pilasters,  being  terminated  by  small  cupolas.  The  interior  of  the  church  is  Doric,  and  is  in 
plan  a  Greek  cross.  The  nave  is  53  ft.  and  the  aisles  are  30  ft.  wide.  Its  whole  length 
is  364  fL,  its  width  230,  and  height  170.  From  the  intersection  of  the  nave  and  transepts 
the  cupola  rises,  66  ft.  in  ^ameter,  and  330  ft.  in  height  from  the  pavement  to  the  cross. 
Its  exterior  is  composed  with  a  square  tambour  or  drum,  if  it  may  be  so  called,  from  which 
the  order  rises.  The  choir  is  only  30  ft.  high,  and  its  length  but  60  ft.  In  point  of  taste 
and  dimensions,  the  church  is  inferior  to  several  in  other  parts  of  Europe.  The  pres- 
bytery, we  should  have  stated,  is  raised,  so  as  to  form  almost  another  church,  and  seemingly 
without  relation  to  the  principal  one.  The  staircase  which  leads  to  the  Pantheon,  and 
which  possesses  considerable  magnificence,  is  placed  iMstween  the  church  and  the  ante- 
sacristy  :  we  are  not  aware  why  this  name  has  been  given  to  the  sepulchre  of  the  kings  of 
Spain.  It  is  nearly  under  the  high  altar.  The  chamber  appropriated  to  the  reception  of 
the  kings  is  36  ft  diameter,  and  38  ft.  in  height,  richly  encrusted  with  various  marbles  and 
metals,  and  ornamented  with  nxteen  double  Corinthian  pilasters  on  pedestals,  arranged 
octagcmally  ;  and  between  them  are  recesses,  with  the  sarcophagi,  amounting  to  twenty-six, 
that  is,  fi>ur  in  each  of  six  sides,  and  two  over  the  entrance  which  &ees  the  altar  of  the  Re- 
surrection. Thb  is  a  fiur  specimen  of  the  style  which  prevailed  in  %>ain  under  the  reigns 
of  Philip  IV.  and  Charles  II.  The  college,  the  seminary,  and  the  royal  palace  occupy  the 
rest  of  the  building.  In  1773,  many  additions  were  made  to  the  buildings  about  the  £s- 
curial  lor  the  In&nts  Don  Antonio  and  Don  GfU>riele,  by  Villaneuva,  an  Italian  architect, 
and  by  them  the  palace  was  much  improved.  Giovanni  d'Herrera,  who  died  in  1597,  besides 
his  employment  at  the  building  just  described,  contributed  greatly  to  the  advancement  of 
the  art  by  the  execution  of  the  many  commissions  with  which  he  was  entrusted.  The  bridge 
of  Segovia,  at  Madrid,  is  by  him ;  as  is  the  royal  pleasure-house  at  Arai^juez,  begun  under 
Philip  II.  and  finished  by  Charles  III., — a  work  which,  though  fiur  firom  pure,  exhibits 
great  architectural  ability.  His  successor  at  the  Escurial  was  Francesco  de  Mora,  by 
whom,  at  Madrid,  is  the  Palace  de  los  Consejos,  the  most  splendid  edifice  which  tliat 
capital  can  boast.  Instead  of  a  central  doorway,  it  has  two  at  its  flanks,  of  the  Doric  order, 
with  appropriate  decorations.  In  the  beginning  of  the  seventeenth  century,  the  great 
square  of  Madrid  was  erected  after  the  designs  of  Giovanni  Gomez  de  Mora,  and  is  ad- 
mirable (or  its  grandeur  and  symmetry,  lliis  architect  built  at  Alcala  the  church  and 
college  of  the  Jesuits,  which,  MiUzia  says,  is  a  magnificent  and  well-proportioned  edifice. 
It  is  of  two  orders,  and  the  material  employed  in  the  fa9adc  is  granite.  The  royal  convent 
of  the  Augustins,  at  Madrid,  is  also  attributed  to  him. 

372.  In  the  b^^inning  of  the  eighteenth  century,  Filippo  Ivara,  a  native  of  Messina, 
had  very  great  employ,  we  might  almost  say  throughout  Europe.  He  became  the  pupil 
of  Fontana,  and  afterwards,  on  his  visiting  Spain,  seems  to  have  established  a  school  there. 
He  built  the  fii^ade  of  the  royal  palace  of  St.  Ildefisnso,  looking  towards  the  gardens. 
Ivara  died  in  1735,  at  Madrid,  whither  he  had  been  invited  by  Philip  V.  to  rebuild  the 
palace,  which  had  been  consumed  by  fire.  The  work  was  afterwards  intrusted  to  Sacchetti, 
a  pnpU  of  Ivara.     It  is  on  a  very  large  scale,  and  was  most  solidly  constructed. 

973.  We  have  thought  it  necessary  to  give  the  above  succinct  account  of  the  architecture 
of  Spain,  which  did  not,  however,  produce,  after  the  revival  of  the  arts  in  Europe,  any 
works,  except  in  respect  of  dimensions,  comparable  with  those  of  Italy.  The  abuses  in 
them  are  almost  universally  carried  to  an  extent  scarcely  credible ;  it  is,  therefisrC)  useless  to 
r^er  the  reader  or  student  to  them  as  models.  It  almost  seems  as  if  from  Italy  pure 
architecture  had  not  had  time  to  spread  itself  before  it  became  tinctured  with  the  corrup- 
tions of  Borromini  ;  which,  not  only  in  Spun  and  Portugal,  but  throughout  Germany,  and 
even  France,  were  difftised  with  incredible  rapidity. 
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Sect.  XX. 

KUaSIAK    ARCHITKCTURK. 

374.  We  scarcely  know  whether  we  are  justified  in  making  a  short  section  with  this 
heading,  inasmuch  as  there  is  not  known  to  us,  up  to  the  end  of  the  eighteenth  century, 
the  name  of  a  single  Russian  architect.  English,  French,  Italian,  and  German  artists  have 
been  employed  in  the  decoration  of  the  city  of  Petersburg,  though  we  beliere  that  the 
nation  is  now  beginning  to  produce  persons  capable  of  conducting  their  public  works. 
Russia  has  received  all  its  improvement  from  abroad,  and  has  used  every  exertion  to  com- 
municate it  to  an  uncivilised  people. 

375.  The  ecclesiastical  architecture  of  Russia  is  of  course  coeval  with  the  introduction  of 
Christianity  into  the  country,  which  was  not  earlier  than  the  time  of  Vladimir  the  Great, 
although  the  Princess  Olga  had  been  baptized  at  Constantinople  as  early  as  the  year  964. 
Vladimir,  to  display  his  zeal  in  behalf  of  Christianity,  had  a  church,  supposed  to  be  the 
first  built  by  him,  erected  at  Cherson  ;  a  year  after  which  the  church  of  St.  Basil,  which,  as 
well  as  the  first  named,  was  of  timber,  wAs  erected  under  his  command.  This  prince  also 
built  a  church  at  Kief,  where,  it  U  said,  there  were  already  at  the  time  500  churches. 
After  Vladimir,  Prince  Yaroslaf  appears  to  have  bestowed  great  attention  on  the  erection 
of  ecclesiastical  edifices.  At  Kief  he  founded  a  church,  dedicated  to  St.  Sophia,  and  at  No- 
vogorod  another  to  the  same  saint :  these  partly  exist  in  the  present  day.  By  him  also 
were  reared  the  convents  of  St.  George  and  St.  Irene.  The  cel^rated  convent  of 
Petchorsky,  at  Kief,  was  erected  in  1075,  subsequent  to  which  period  the  Russian  metro- 
politans have  continued  subject  to  those  of  Constantinople.  Between  this  last  capital 
and  Kief  the  bonds  of  amity  of  their  rulers  were  drawn  closer  by  many  intermarriages ; 
but  in  the  year  1124  a  fire  desolated  the  latter  city,  which  must  have  ris^i  into  great 
importance,  inasmuch  as  600  churches  and  monasteries  were  destroyed  in  the  conflagra- 
tion. Afterwards,  again,  in  the  civil  war  under  Yisaslaf,  Kief  was  taken  and  fired ;  a  ca- 
lamity to  which  it  was  again  subject  at  the  same  period  that  Constantinople  was  taken  by 
the  Venetians.  After  tliis  Kief  never  again  recovered  its  ancient  magnificence.  In  1154, 
at  which  period  Moscow  is  first  mentioned  in  history,  it  was  but  an  insignificant  village. 
It  received  great  additions  under  Daniel  of  Moscow  ;  and  in  1 304,  under  John  Danielowits, 
it  became  the  capital  of  the  empir^.  On  the  4th  of  August,  1 326.  the  first  stone  was  lud 
of  a  church  in  the  Kremlin  there  in  honour  of  the  Assumption  of  the  Virgin.  The  palace 
of  the  Kremlin  ^vas  a  timber  structure  until  the  reign  of  Demetri  Donskoi,  when  it  was 
reconstructed  of  stone.  On  the  capture  of  Constantinople  by  Mahomet  the  Second,  the 
Russian  church  ceased  to  be  dependent  on  that  of  Constantinople.  The  palace  of  the 
Kremlin,  known  by  the  nsmc  of  the  granite  palace,  rose  in  1 487  ;  and,  in  twelve  years 
afterwards,  the  Belvedere  palace  was  raised.  Ivan  IV.,  whose  sway  was  of  extended  du- 
ration, was  a  great  patron  of  the  arts ;  his  decease  took  place  circa  1584.  He  renewed  the 
laws  relative  to  the  paintings  in  the  new  churches,  whence  arises  their  so  close  resemblance 
to  one  another  that  it  is  difiDcult  to  judge  of  the  epochs  of  their  execution.  The  celebrated 
clock  tower  Ivan  Valiki,  at  the  Kremlin,  was  erected  by  the  Czar  Boris,  in  1600,  at  which 
time  Moscow  contained  400  churches,  whereof  35  stood  in  the  Kremlin  alone.  After  the 
time  of  Peter  the  Great,  a  change  of  style  was  introduced. 

376.  The  Church  of  the  Assumption  above  mentioned,  as  respects  the  plan,  is  an  oblong 
square  divided ;  the  vaulting  whereof  is  supported  by  six  columns  in  the  interior.  Though 
at  the  first  glance  it  be  not  perceived,  the  arrangement  of  the  cupolas  soon  points  to  the 
form  of  a  Greek  cross.  In  the  earlier  churches  the  plan  was  a  square,  with  a  porch  in 
ftt>nt  of  it ;  but,  in  the  Church  of  the  Assumption,  the  porch  is  a  portion  of  the  church, 
the  arches  of  the  cupolas  being  placed  in  the  same  way  as  if  the  church  were  of  the  ancient 
form.  The  six  columns  just  mentioned  divide  the  church  into  four  parts,  —  from  east  to 
west,  and  then  from  north  to  south.  At  the  eastern  sides  are  three  apsides,  divided  l>y  the 
width  of  a  column,  the  middle  one  being  of  larger  dimensions  than  the  other  two ;  an 
arrangement  which  prevails  in  most  of  the  Greek  churches.  The  apsides  contain  altars, 
which  are  frequent,  except  in  the  small  chapels.  The  altar  in  the  Greek  church  is  not 
exposed  to  public  view ;  it  is  concealed  or  covered  by  the  iconostasis  (imag^bearer),  a  very 
large  screen,  which,  from  occupying  the  whole  width  of  the  church,  divides  it  into  two  parts. 
This  screen  has  a  central  principal  and  two  side  smaller  doors ;  behind  which  latter,  on  each 
side,  stands  a  second  and  smaller  iconostasis,  of  the  width  only  of  the  snudler  apsis,  but 
whose  plan  with  three  doors  and  an  altar  behind  is  similar  to  the  great  one.  This  was  the 
distribution  in  the  early  churches ;  but,  in  the  more  modem  ones,  there  are,  at  nearly  the 
extremity  of  the  edifice,  three  distinct  iconostases.  The  place  for  the  choristers  is  on  each 
side  in  front  of  the  iconostasis,  between  its  principal  and  side  doors.  The  principal  cupola 
rises  in  fi^nt  of  the  iconostasis ;  and,  in  cathedral  churches,  at  the  foot  of  the  apsis  on  t|ie 
left  a  canopy  b  placed  for  the  emperor,  opposite  whereto  is  one  for  the  metropolitan. 
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There  is  generally  <Hie  principal  and  four  subordinate  cupolas  round  it,  which  stand  on  the 
Ibor  feet  of  the  Greek  cross.  He  iconostasis  is  a  principal  object  in  every  church.  It  is 
usuaDy  in  four  or  fiye  horisontal  compartments,  each  containing  an  unequal  number  of 
pictures  of  saints  painted  on  tablets  or  long  square  panels,  whose  places  are  fixed  with  great 
pteetsion.  In  the  first  story,  if  we  may  so  call  it,  are  the  three  doors ;  the  centre  one,  being 
in  two  foldings,  is  decorated  with  the  subject  of  the  Annunciation,  accompanied  with  the 
beads  of  the  four  Evangelists  or  their  emblems.  To  the  right  of  the  door  is  a  picture  of 
Christ,  and  of  the  Madonna  on  the  left.  To  the  right  of  the  Christ  is  the  saint  or  festival 
of  the  church,  after  which  the  doors  are  inserted.  Above  the  doors,  on  the  left  hand,  is 
placed  a  Greek  cross ;  on  the  right  hand  the  cross  of  Moses,  —  as  symbols  of  the  Old  and 
New  Testaments.  The  paintings  are  all  on  a  ground  of  gold.  In  the  middle  of  the  second 
story  is  Christ  on  a  throne ;  on  the  right  Saint  John  the  Baptist ;  on  the  left  the  Madonna 
without  Child ;  then,  on  each  side,  two  archangels  and  six  apostles.  In  the  third  story  or 
horisontal  compartment,  the  Madonna  is  introduced  with  the  Infimt  on  her  knees,  sur- 
nnmded  on  each  side  by  the  prophets.  In  the  fourth  story  is  painted  God  the  Father  on 
a  throne,  with  the  In&nt  Jesus,  surrounded  on  each  side  by  patriarchs  of  the  church. 
Oocasiofully  a  fifth  story  appears,  upon  which  is  painted  the  history  or  Passion  of  our 
Saviour.  Psintings  on  a  gold  ground  abound  in  the  other  parts  of  the  church.  The 
exteriors  of  these  churches  are  extremely  simple ;  cornices  or  other  horizontal  crownings 
are  not  to  found,  but  the  coverings  follow  the  cylindrical  forms  of  the  arches  to  which  they 
are  the  extradoses,  and  are  variously  painted.  The  Russian  churches  built  in  the  eleventh 
century,  which  from  the  number  of  their  cupolas  resemble,  and  indeed  were  imitated  from 
those  of  the  East,  give  a  peculiar  eflTect  to  the  architecture.  The  forms  of  these  cupolas 
are  varied,  but  they  generally  stand  on  an  octagonal  tambour ;  some  are  hemispherical, 
othen  in  curves  of  contrary  flexure,  and  a  number  of  other  figures. 

377.  The  type  of  the  Rusnan  church,  which  is  on  plan  a  Greek  cross,  is  to  be  found  in 
Santa  Sophia  at  Constantinople.  After  the  disputes  between  the  Iconoclasts  and  Iconolaters, 
which,  at  the  close  of  the  seventh  century,  ended  in  the  separation  of  the  Eastern  and 
Western  churches,  sculpture  of  statues  disappeared  from  the  Greek  church,  statues  of  angels 
excepted.  Again,  at  this  period,  the  altars  on  the  side  of  the  principal  one  were  established, 
not,  as  in  the  Catholic  churches,  at  the  extremities  of  the  transepts ;  their  place  is  always  in 
a  nidie  or  apsis.  This  arrangement  is  found  in  the  churches  of  the  eleventh,  twelfth,  and 
thirteenth  coituries,  at  Bari,  Trani,  Malfetta,  Otranto,  &c.,  while  the  Greek  worship  existed; 
and  a  similar  disposition  is  even  seen  at  Palermo  and  other  places  where  the  worship  has 
been  Catholic.  In  the  Catholic  churches  a  sacristy,  for  the  use  of  the  priests  in  robing, 
&e.,  is  always  provided  on  the  side  of  the  church ;  in  the  Greek  church,  however,  the  priests 
robe  themselves  behind  the  iconostasis  on  the  left  of  the  altar,  another  altar  being  placed  on 
the  right  for  the  consecration  of  the  elements ;  and  this  arrangement  existi  in  the  present  day. 
TThe  Greek  church  has  no  gynseoeum,  or  separate  place  for  the  women.  —  For  the  above  we 
are  indebted  to  the  researches  of  M.  Kallmann,  an  ingenious  architect  of  Hanover. 

378.  It  is  in  Saint  Petersburg  principally  that  we  are  to  look  for  edifices  which  deserve 
mention.  The  foundation  of  the  city  was  laid  in  1703,  by  the  Cxar  Peter,  when  he  con- 
structed a  fort  on  an  island  in  the  Neva  for  defence  against  the  Swedes.  Buildings,  both 
public  and  private,  were  soon  erected ;  and  the  nobility  and  merchants  being  induced  to 
settle  there,  the  place  quickly  assumed  the  appearance  of  a  considerable  city.  In  the  reigns  of 
Catherine  the  Seeond  and  Alexander  it  reached  a  degree  of  great  magnificence,  from  which 
it  has  not  declined,  but  has  rather  advanced.  Magnitude,  rather  than  beauty  of  form,  marks 
the  public  buildings  of  the  city.  The  church  of  our  Lady  of  Kevan  is  of  great  dimensions : 
for  which,  and  its  fifty-six  granite  columns  with  bronze  capitals,  it  has  obtained  more  cele- 
brity than  it  will  acquire  for  the  beauty  of  its  composition.  Some  of  the  palaces  in  the 
city  axe  of  colossal  dimennons ;  that  of  MichaUofiT,  built  by  Paul,  is  said  to  have  cost  ten 
millions  of  rubles.  It  was  under  the  reign  of  Peter  the  Great  that  the  great  change  took 
place  in  the  national  character  of  Russian  church  architecture  by  the  introduction  of  the 
elaainrsl  orders.  The  bulbous  cupola,  though  at  this  period  not  entirely  laid  aside,  fell  into 
eompararive  disuse,  being  replaced  by  a  green  painted  dome  of  which  the  Italian  form  was 
the  modeL  The  tasteless  custom  of  painting  the  exteriors  of  buildings  with  bright  and  in- 
eongruous  colours  was  retained ;  and,  though  well  enough  suited  to  the  barbaric  structures 
«f  the  Muscovite  czars,  it  ill  accorded  with  the  purer  style  of  Italy.  It  is  unnecessary  fur- 
ther to  detain  the  reader  by  any  observations  on  the  ehurches  of  the  modem  capital.  In 
point  of  style  or  of  history,  they  possess  little  or  no  interest  for  an  English  reader.  To 
those  who  wish  to  become  better  acquainted  with  the  architecture  of  Russia,  we  recommend 
a  reference  to  Geissler's  Tableaux  Pittore»que$  det  Maur§,  ^.  de§  Ru*te$t  Tartarta,  MomgoHett 
•«  amtm  Natkm^  ds  VBmpirt  Ru$*e. 
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CHAP.   III. 
ARCHITECTURE    OF    BRITAIN. 


Sect.  I. 

EARLY    HOUSK8    AND    ARCHITECTURE    OF   THE    BRITONS. 

379.  On  the  invasion  of  Britain  by  Julius  Caesar,  in  the  year  55  b.  c,  the  inhabitants 
dwelt  in  houses  resembling  those  of  Gaul ;  and  in  Kent,  and  other  southern  parts  of  the 
island,  their  houses  were  more  substantial  and  convenient  than  those  in  the  north.  Caves 
or  earth  houses  seem  to  have  been  their  original  shelter  ;  to  which  had  preceded  the  wicker 
enclosure,  whose  sides  were  incrusted  with  clay.  These  were  thatched  with  straw.  The 
wooden  bouses  of  the  ancient  Gauls  and  Britons  were  circular,  with  high  tapering  roofs, 
at  whose  summit  was  an  aperture  for  the  admission  of  light  and  emission  of  smoke.  These, 
where  the  edifices  were  grander  than  ordinary,  were  placed  upon  foundations  of  stone. 
There  is  no  instruction  to  be  derived  from  pursuing  this  subject  flirther.  That  the  arts  at 
the  period  in  question  scarcely  existed,  is  quite  certain ;  and  Caractacus  may,  when  carried 
prisoner  to  Rome,  have  well  expressed  surprise  that  the  Romans,  who  had  such  magnificent 
palaces  of  their  own,  should  envy  the  wretched  cabins  of  the  Britons. 

380.  If  the  Britons  were  so  uninformed  in  architecture  as  to  be  satisfied  with  such 
structures  for  their  dwellings  as  we  have  named.  It  will  hardly  be  contended  that  they  were 
the  builders  of  so  stupendous  a  fabric  as  Stonehenge.  On  this  subject  we  have  already 
stated  our  opinion  in  Chap.  II.  From  the  distant  period  at  which  we  believe  this  and 
similar  edifices  to  have  been  erected  up  to  that  of  which  we  are  speaking  many  cen- 
turies must  have  elapsed,  during  which  the  mechanical  knowledge  which  was  employed  In 
their  erection  might  have  been  lost,  and  Indeed  must  have  been,  from  the  condition  of  the 
inhabitants,  of  which  mention  has  been  made. 

381.  The  Romans,  after  their  Invasion  of  the  Island,  soon  formed  settlements  and  planted 
colonies ;  and  It  is  not  dlfiicult  to  imagine  the  change  which  took  place  in  Its  architecture. 
The  first  Roman  colony  was  at  Caroalodunum.  This,  when  It  was  afterwards  destroyed 
by  the  Britons  in  the  g^reat  revolt  under  Boadicea,  appears  to  have  been  a  large  and  well- 
built  town,  adorned  with  statues,  temples,  theatres,  and  other  public  edifices.  (  Tacit 
AnnaL  lib.  xiv.  c.  32. )  In  the  account  given  of  the  prodigies  said  to  have  happened  at 
this  place,  and  to  have  announced  its  approaching  fiill,  it  is  mentioned  that  the  statue  of 
Victory  fell  down  without  any  visible  violence ;  In  the  hall  of  public  business,  the  confused 
murmurs  of  strangers  were  perceived,  and  dismal  bowlings  were  heard  In  the  theatre.  At 
Camalodunum  the  temple  of  Claudius  was  large  enough  to  contain  the  whole  garrison, 
who,  after  the  destruction  of  the  town,  took  refuge  in  it ;  and  so  strong  was  it,  that  they 
were  enabled  to  hold  out  therein  against  the  whole  British  army  for  a  period  of  two  days. 
London,  however,  exhibited  a  more  striking  example  of  the  rapid  progress  of  Roman 
architecture  In  Britain.  At  the  time  of  the  first  Roman  Invasion  it  was  little  more  than  a 
British  town  or  enclosed  forest ;  and  there  seems  to  be  ground  for  supposing  that  at  the 
time  of  the  second  invasion,  under  Claudius,  It  was  not  much  improved.  But  when,  about 
sixteen  years  afterwards,  it  came  Into  the  possession  of  the  Romans,  It  became  a  rich,  po- 
pulous, and  beautiful  city.  Not  only  did  the  Romans  raise  a  vast  number  of  solid  and 
magnificent  structures  for  their  own  accommodation,  but  they  taught  the  arts  to  the  Britons, 
and  thus  civilised  them.  Agricola,  of  all  the  Roman  governors,  took  means  for  that  pur- 
pose. That  they  might  become  less  and  less  attached  to  a  roaming  and  unsettled  life,  and 
accustomed  to  a  more  agreeable  mode  of  living,  he  took  all  opportunltlesof  rendering  them 
assistance  In  erecting  houses  and  temples,  and  other  public  buildings.  He  did  all  in  his 
power  to  excite  an  emulation  amongst  them ;  so  that  at  last  they  were  not  content  without 
structures  for  ornament  and  pleasure,  such  as  baths,  porticoes,  galleries,  banqueting  houses, 
&c.  From  this  time  (a.  d.  80)  up  **  to  the  middle  of  the  fourth  century,**  says  Henry 
(Hist,  of  England),  **  architecture,  and  all  the  arts  Immediately  connected  with  It,  greatly 
fiourished  in  this  island ;  and  the  same  taste  for  erecting  solid,  convenient,  and  beautiful 
buUdings  which  had  long  prevailed  In  Italy,  was  Introduced  into  Britain.  Every  Roman 
colony  and  free  city  (of  which  there  was  a  great  number  in  this  country)  was  a  little  Rome, 
encompassed  with  strong  walls,  adorned  with  temples,  palaces,  courts,  halls,  basilic«p,  baths, 
markets,  aqueducts,  and  many  other  fine  buildings  both  for  use  and  ornament  Tlie 
country  every  where  abounded  with  well-built  villages,  towns,  forts,  and  stations  ;  and  the 
whole  was  defended  by  that  high  and  strong  wall,  with  its  many  towers  and  castles,  which 
reached  from  the  mouth  of  the  river  Tyne  on  the  east  to  the   Solway  Firth  on  the  west. 
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Thii  ipirit  of  building,  which  wu  introducol  and  encouraged  by  the  Hamus,  u  much 
improTed  the  tute  and  increated  the  number  of  the  British  builden,  that  in  the  third 
cantui;  this  iilaod  wai  tamoiu  fbr  Che  great  number  and  eicelleoce  of  its  arcbitecti  and 
aftificen.  Vbai  the  Emperor  Coiutantius,  &ther  of  Constniitino  the  Great,  rebuilt  tlie 
citj  of  Autun  in  Gaul,  ..  n.  296,  he  wai  chiefly  (umished  with  workmen  from  Britain, 
B-hich  (uji  Eumeniua)  very  much  abounded  with  the  best  artificers  It  vu  about  the 
cod  of  the  third  century  that  in  Britain,  aa  well  ai  all  the  other  provinces  of  the  Wealern 
empire,  ■rcfaitcclure  began  to  decliiK.  Il  may  have  been  tliat  the  building  of  Constanti- 
nople drew  off  the  beat  artisti ;  or  that  the  time  left  for  the  peaceful  culture  of  the  arts  may 
baTe  been  broken  in  upon  by  the  irruptions  of  invaders  from  the  north.  According  to  the 
Venerable  Bcde  (/Tuf.  Ecda.,  lib.  i.  c  lit.),  the  Britons  had  become  Boignoraul  of  the  art 
betbre  the  final  departure  of  the  RomaiH  that  they,  Irom  want  of  masons,  repaired  the  wall 
between  the  Forth  and  Clyde  with  soda  instead  of  stone.  Henry  ohservei,  however,  on 
diis.  that  ■*  we  cannot  lay  much  ctcen  on  this  testimony  ;  because  it  does  not  refer  to  the 
Iritons,  but  to  those  who  lived  beyond  the  Wall  of  Severui.  where  the  Roman 
lerer  much  prevailed  ;  and  because  tbe  true  reason  of  their  repairing  that  wall  vith 
tint,  and  not  with  stone,  was  that  it  bad  been  originally  built  in  that  maimer.  Besides,  we 
ace  told  by  the  sam*  writer,  in  the  nme  place,  that  the  proTiacial  Britons,  some  time  after 
this,  with  the  aiaistanee  of  oite  Roman  l^on,  built  a  wall  of  solid  Wotie,  8  ft.  thick  and 
IS  ft.  high,  from  eea  to  aea." 

38S.  Tha  dcpattura  of  tlM  Romans,  and  that  of  the  fine  arts  which  they  hod  introduced, 
wtn  oommneea  of  almoH  the  same  date.  We  most,  howerer,  recollect  that  architecture 
na  b^iiming  to  decliiM  at  Rome  itself  before  the  departure  in  question.  The  inhabitants 
et  tbe  country  who  remained  after  the  Romans  were  gone  had  not  the  skill  nor  courage 
to  defend  the  works  with 
which  the  Romans  hod  pro- 
vided them  \  and  their 
towns  and  cities,  therefore, 
were  leiied  by  invaders, 
who  plundered  and  de- 
stroyed Ihem,  throwing 
down  the  noble  structures 
with  which  the  art  and  in- 
dustry of  the  Romans  had 
adorned  tbe  country.  The 
vestiges  of  Roman  architec- 
ture still  remaining  in  Bri. 


-b^;^^       be  conudcied  as  studies  of 
Roman  architecture.   Even 
IV  lit,  ™u,.u,i™-™.  in    iu  best   days,    nobody 

would  ftudy  the  works  of 
art  in  the  colomes  in  preference  to  those  in  the  parent  stale.  We  have  here  (Jig.  1 79. ) 
inacfted  a  representation  of  a  small  portion  of  tbe  Roman  wall  at  iLeiccster,  aa  an  example 
of  tbe  construction.  Temples,  baths,  and  villas  of  the  time  have,  moreover,  been  brought 
to  light  not  unfrequently. 

383.  Tbe  arrival  of  the  Soiona  in  Ihia  country,  a.  u.  443,  soon  eitinguished  the  very 
little  that  remained  of  the  arts  in  the  island.  This  people  were  totally  ignorant  of  art ;  like 
tbe  other  nations  of  GerDOany,  tbcy  had  been  accustomed  to  hre  in  wretched  hovels  formed 
out  of  tbe  earth,  or  built  of  wood,  and  covered  with  reeds,  straw,  or  the  branches  of  trees. 
Il  was  Dot.  indeed,  until  300  years  after  their  orritsl  that  stone  was  employed  by  them  for 
their  bntldingi.  Their  cathedrals  were  built  of  timber.  The  Venerable  Bede  says  there 
was  a  time  when  not  a  stone  church  eiiited  in  all  the  land ;  the  custom  being  to  build 
them  of  wood.  Finan,  the  second  bishop  of  Lindis&me,  or  Holy  Island,  built  a  church  in 
that  island,  a.  n.  653,  for  a  cathedral,  wluch  yet  was  not  of  stone,  but  of  wood,  and  covered 
with  reeds;  and  so  il  continued  till  Eadbert,  the  successor  of  St.  Cuthbert,  and  6Cveiith 
Inshop  of  LirbdiiE&rne,  took  away  the  reeds,  and  covered  it  all  over,  both  roof  and  walls, 
with  aiieeu  of  lead.  Of  nimilar  materials  was  the  original  cathedral  at  York,  a  church  of 
stone  being  a  very  rare  production,  and  usually  dignified  with  some  special  historical 
recnnL  Bede,  fbr  instance,  says  of  Faulinus,  tbe  first  bishop  of  York,  that  he  built  a 
dmreh  t>f  stone  in  the  city  of  Uncoln,  whose  walls  were  standing  when  he  wrote,  though 
tbe  roof  had  Eillen  down.  Sootland,  at  the  beginning  of  the  eighth  century,  docs  not  seem 
to  have  tiad  a  single  church  of  stone.  Nailan,  king  of  the  Picts.  in  his  letter  to  Ceolfted, 
abbot  of  Weremoutb,  a.  D.  7I0>  inlreats  that  some  masons  nuy  be  wnt  him  to  build  > 
thareh  of  stone  in  his  kingdom,  in  imitation  of  the  Romans. 
M  3 
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384.  We  here  think  it  necessary  to  notice  that  we  have  thought  proper,  under  thia 
chapter,  to  preserve  the  periods,  or  rather  styles  of  the  periods  of  architecture,  according  to 
their  ordinary  arrangement  in  English  works,  namely,  the  Anglo-Saxon  and  Norman,  in 
distinct  sections.  It  is  a  matter  of  little  importance  to  the  reader  how  he  acquires  his 
knowledge,  so  that  his  author  do  not  unnecessarily  prolong  the  acquisition  of  it.  Thoogfa^ 
therefore,  the  Anglo-Saxon  and  Norman  archit«ctlire  are  neither  of  them  any  thing  more 
than  Romanesque  or  Byzantine,  to  which  we  have  appropriated  rather  a  long  section,  we 
have  here  separated  them  into  two  distinct  periods. 

385.  About  the  end  of  the  seventh  century  masonry  was  once  more,  as  well  as  soma 
other  arts  connected  with  it,  restored  to  England,  by  the  exertions  of  Wilfrid,  bishop  of 
York,  and  afterwards  of  Hexham,  and  of  Benedict  Biscop,  the  founder  of  the  abbey  of  Were- 
mouth.  Tlie  former,  who  was  an  indefatigable  builder,  and  one  of  the  most  munificent 
prelates  of  the  seventh  century,  erected  edifices,  which  were  the  admiration  of  the  age,  at 
Ripon,  York,  and  Hexham.  The  cathedral  of  the  latter  place  obtained  great  celebrity. 
Eddius,  speaking  of  it  (  Fita  WUfridi\  says,  that  Wilfrid,  having  obtained  a  plot  of  ground 
at  the  place  from  Queen  Etheldreda,  he  there  founded  a  very  magnificent  church,  and  dedi- 
cated it  to  the  blessed  apostle  St  Andrew.  The  plan  of  this  holy  structure  appears  to  have 
been  inspired  by  the  Spirit  of  God  ;  a  genius,  therefi^re,  superior  to  mine  is  wanting  to  de- 
scribe it  properly.  Large  and  strong  were  the  subterraneous  buildings,  and  constructed  of 
the  finest  polished  stones.  How  magnificent  is  the  superstructure,  with  its  lofty  roof  rest- 
ing on  many  pillars,  its  long  and  lofty  walls,  its  sublime  towers,  and  winding  stairs  !  To 
sum  all  up,  there  is  not  on  this  side  of  the  Alps  so  great  and  beautiful  a  work.  Biscop 
was  a  zealous  cotemporary  and  companion  of  Wilfrid,  and  had  also  a  great  love  for  the 
arts.  He  travelled  into  Italy  no  less  than  six  times,  chiefly  for  the  purpose  of  collect* 
ing  books  and  works  of  art,  and  of  endeavouring  to  induce  workmen  to  come  over  to  Eng- 
land. An  estate  of  some  extent  luiving  been  obtained  by  him  from  Ecgfnd,  king  of 
Northumberland,  near  the  mouth  of  the  nver  Were,  he  founded  a  monastery  there  in  6^ A. 
Relative  to  tliis  monastery  of  Weremouth,  thus  writes  Bede  :  —  *'  About  a  year  after  laying 
the  foundations,  Benedict  passed  over  into  France,  and  there  collected  a  number  of  masons, 
whom  he  brought  over  with  him  to  build  the  church  of  his  monastery  of  stone,  after  th* 
Roman  manner,  whereof  he  was  a  vast  admirer.  Such  was  his  love  tat  the  apostle  Peter,  to 
whom  the  church  was  to  be  dedicated,  that  he  stimulated  the  workmen  so  as  to  have  mass 
celebrated  in  it  but  a  little  more  than  a  year  from  its  foundation.  When  the  work  was 
well  advanced,  he  sent  agents  into  France  for  the  purpose  of  procuring,  if  possible,  glass 
manufiicturers,  who  at  that  time  were  not  to  be  fiiund  in  England,  and  of  bringing  them 
over  to  glaze  itie  windows  of  his  monastery  and  church.  His  agents  were  successAil,  having 
induced  several  artisans  to  accompany  them.  These  not  only  executed  the  work  assigned 
to  them  by  Benedict,  but  gave  instructions  to  the  English  m  the  art  of  making  glass  fi»r 
windows,  lamps,  and  other  uses.** 

386.  The  Bishop  Wilfrid,  as  we  learn  fVom  William  of  Malmesbury,  with  the  assistance 
of  the  artificers  that  had  been  brought  over,  effected  great  reparations  in  the  cathedral  at 
York,  which  was  in  a  decayed  and  ruinous  state^  He  restored  the  roof,  and  covered  it 
with  lead,  cleansed  and  whited  the  walls,  and  put  glass  into  the  windows;  for, before  be 
had  introduced  the  glass  makers,  the  windows  of  private  dwellings  as  well  as  churches 
were  filled  with  linen  doth,  or  with  wooden  lattices.  It  will  be  observed  that  the  improve- 
ments we  here  mention  were  introduced  by  the  bishops  Wilfirid  and  Biscop  towards  the 
end  of  the  seventh  century  ;  but,  frx>m  our  ancient  historians,  it  would  appear  that,  in  the 
eighth  and  ninth  centuries,  stone  buildings  were  rarely  met  with,  and,  when  erected,  were 
objects  of  great  admiration.  The  histonan  Henry  observes,  that  **  when  Alfred,  towards 
the  end  of  the  ninth  century,  formed  the  design  of  rebuilding  his  ruined  cities,  churches, 
and  monasteries,  and  of  adorning  his  buildings  with  more  magnificent  structures,  he  was 
obliged  to  bring  many  of  his  artificers  firom  foreign  countries.  Of  these  (as  we  are  told  by 
his  friend  Aperius)  he  had  an  almost  innumerable  multitude,  collected  from  different  na^ 
tions  ;  many  of  them  the  most  excellent  in  their  several  arts.  Nor  is  it  the  least  praise  of 
this  illustrious  prince,  that  he  was  the  greatest  builder  and  the  best  architect  of  the  age  in 
which  he  flourished."  His  historian,  who  was  an  eyewitness  of  his  works,  speaks  in  the 
following  strain  of  admiration  of  the  number  of  his  buildings,  **  What  shall  I  say  of  the  towns 
and  cities  which  he  repaired,  and  of  others  which  he  built  fh>m  the  foundation  ?  **  Henry 
continues,  —  "  Some  of  his  buildings  were  also  magnificent  for  that  age,  and  of  a  new  and 
singular  construction  ;  particularly  the  monastery  of  ^thelingay.  The  church,  however, 
was  built  only  of  wood ;  and  it  seems  probable  that  Alfred^s  buildings  were,  in  general, 
more  remarkable  for  their  number  and  utility  than  for  their  grandeur ;  for  there  is  suf- 
ficient evidence  that,  long  after  his  time,  almost  all  the  houses  in  England,  and  the  &r 
greatest  part  of  the  monasteries  and  churches,  were  very  mean  buildings,  constructed  of 
wood  and  covered  with  thatch.  Edgar  the  Peaceable,  who  flourished  after  the  middle  of 
the  tenth  century,  observed  (see  JfiUiam  MahnB.  lib.  ii.  p.  32.),  that,  at  his  accesrion  to 
the  throne,  all  the  monasteries  of  England  were  in  a  ruinous  condition,  and  consisted  only 
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af  rotten  bouih.'  The  lute,  however,  of  tbe  Anglo-Saioni  VM  not  indulged  in  mtg- 
utecnl  building!  ;  uid  the  iocunions  of  the  Dane*,  who  deitrojed  wbereTcr  they  ckUM, 
Isgetber  with  the  unettled  ttate  of  the  country,  nujr  (ccount  fui  their  reienua  being  ex- 
peided  on  mean  uid  iuctHiTenietit  house*. 

3ST.  Under  the  circunulueee  menlioned,  it  majr  be  aafely  inferred  that  the  art  waa  not 
IK  a  very  flouriahing  ttate  in  the  other  parta  of  the  ialand.  Indeed,  the  ancient  Britona, 
aftrr  retiring  to  the  mountaiu  of  Walea,  appear  to  have  loat  it  altogether  ;  and,  aa  the 
Honourable  Dainca  Uairington  (Arehsoiopia)  ha*  thoughtj  it  a  very  prohabie  that  few,  if 
my,  alone  buildingi  ciiated  in  Wales  previous  to  the  time  of  Edward  I.  The  chief  palace, 
allied  the  WUtt  nUaa,  of  the  kings  of  Walea.  was  ranitnicted  with  white  wands,  whose 
bark  was  pedcd  olt^  whence  its  name  was  derived  ;  and  the  price  or  penally,  by  the  laws  of 
tbc  country,  for  destroying  the  king's  hall  or  palace,  with  its  adjacent  dormitory,  kitchen, 
chapel,  granary,  bakehouse,  storehouse,  stable,  and  doghouse,  waa  five  pounds  and  «ghty 
pmec  ei]ual,  in  quantity  of  silver,  lo  siiteen  pounds  of  our  money,  or  I6(V.  The  castles 
appear  aiio  to  have  been  built  of  timber  ;  for  the  vassals,  upon  whom  lell  the  labour  of 
building  them,  were  required  to  bring  with  diem  no  other  tool  than  an  aie^ 

3SS.  Nether  do  the  arts  of  building  ^pear  to  have  LKen  better  understood  in  Scotland 
at  the  fiirmer  part  of  the  period  whereof  we  are  speaking.  Tlie  church  built  at  Liodia- 
bme  by  its  second  bishop,  Finan,  in  552,  was  of  wood,  — ntorr  Scoiontmi  and  it  has  already 
been  mentioned  that,  Ibr  the  stone  church  which  Naitan,  king  of  the  Picta,  built  in  710,  b« 
via  under  the  necessity  of  procuring  hia  masons  from  Northumberland.    In  Scotland,  tbera 

indiiied  to  attribute  to  this  period  ;  we,  however,  are  inclined  lo  place  them  in  an  age  br 
anterior,  later  (but  not  much  so)  than  Stonehenge.  We  have  never  seen  them,  and  there- 
bre  (arm  our  opinion  from  the  description  given  in  Gordon's  /rinemriiim  Stptattrionalt. 
Hies*  buildings  are  all  circular,  though  of  two  difTerent  kinds,  so  different  from  i^sch  other 
OmIi  ibey  seem  to  be  the  works  of  dilTerent  ages  and  of  difTerent  nations.  The  four  prin. 
eipal  ones  are  in  a  valley,  callnl  Glenbcg.  Of  a  dlQerent  period,  too,  we  consider  tba 
etreular  towers  which  are  found  as  well  m  Scotland  as  in  Ireland,  It  is  true  that  in  both 
ooontriea  these  are  found  in  the  neighbourhood  of  churches  i  but  that  does  not  the  more 
aoevinea  ua  that  they  were  connected  with  them. 

389.  Ducaicl,  in  his  Norman  Antiqmitia,  enumerates  some  of  the  churcbes  in  England 
which  belong  to  tin  ages  anterior  to  the  N'orman  couqnesL  Among  them  are  IhiM«  of 
Stukely  in  Buckingham- 
shire, Barfreston  (Jtp.  I  sa  > 
in  Kent,  and  Avington  in 
Berkshire.  Other  exam- 
ples exist  in  Waltbam  Ab- 
bey ;  the  transept  arches 
at  Southwell,  Nottingham- 
shire; the  nave  of  the  abbey 
church  of  St.  Alban'a,  Herts; 
the  na»a  of  St.  Fridea- 
wide,  Oxford,  &c.  tc  The 
Anglo-Saxon  era,  tbotigb 
it,  perhaps,  properly  com- 

a.o.    600    lo    a.  D.    1066; 

of  the  Saxons  to  the  Nor- 
man conquest,  is  not  known 
with  any  thing  approaching 


ny  thing  ap 
lalnty.&on 

liately 


of  Edgar  in  9S0  to  the  laat- 


previous  to  which  Edws 
the  Coniessor  bad.  during 
bis  Ul^time,  campleted 
Weatminater  Abbey  in  a 
style  then  prevalent  in  Not- 
mandy,  and  with  a  magni- 
ficence tkr  exceeding  any 
'  other  then  extant.  No  lea 
than  eighteen  of  the  larger 
monattariea,  all  of  them  Be- 
nedieUne.  had  been  founded 
by     the     Saxon    king*    in 
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dccarsted  psrts,  u  reqiected 


i<  evident  that  tbe  churebet  Bttsebed  to  them  were  tbe  moit 
ttarir  irchitecture.  The  rix  (iciiunpal  of  tbeae  vere,  St. 
Cennain'a,  in  Cornwall ;  Col- 
cheMer,  in  E«ei ;  Teirkei- 
burj,  in  Claucett«nliini  i  St. 
Fridetwlde  «nd  St.  Albui't, 
nlteaily  mentioned  ;  and  Glaa< 
tonbury,  in  Somersetsbire. 
King  (electa  the  western  por- 
tion of  Tewkeibur;  as  the 
grandest  in  England  for  effect 
and  extent,  ^le  oharacteria- 
tics  of  Anglo-  Saxon  Archilee- 
tun  are  detuled  in  tbe  follov- 

S90.   Areha.  —  Alwayi  k- 
micircular,  often  plain  \  lome- 
Plf.  iai.  „u„  Afcx.  times  decorated  with  a  variety 

of  mouldingi  on  the  aofite  aa 
well  aa  on  the  ftce,  the  former  being  cAen  entiret;  occupied  by  them.  Hiey  are  found 
douUe,  triple,  or  quadruple,  each  iprinfjing  from  two  columnt,  and  generally  caaed  with  a 
different  moulding,  which  ii  fluently  doable,  thui 
making  gii  or  eight  eoDcentric  nrcles  of  them  ;  and 
as  each  of  them  projectA  beyond  that  under  it,  a 
moulding  u  placed  under  Ihem,  generally  the  aame  as 
that  uied  upon  the  liice.  (  See  jlji.  1 S 1 . )  (bbmiu. — 
Single,  cylindrical,  hcTagoiul  or  octagonal,  on  square 
pUntba  ;  very  few  diametera  in  helghL  Shafts  often 
ornamented  with  spiiat  or  fluted  earring,  with  lo- 
lenge,  herring -bone,  ilgiag,  or  hatched  work.  (Fig. 
IBS.)  aipifab.^  Indnited  with  fisaurea  of  different 
lensths  and  forma,  aod  in  diiTereut  direstions.  The 
diTIUoni  thua  formed  are  laiiously  sloped  off,  or 
hollowed  out  towards  Che  lop.  (See  the  two  eiam- 
plea,j!;.  ia».,  from  the  conventual  church  at  Ely.) 
Occasionally  tbe  capitals  have  rude  inulatious  of 
■ome  member  of  a  Grecian  order,  ai  in  the  crypt  at 
Lasttingham  in  Yorkshire,  where  volutea  are  used. 
{Fig.  184.)  In  their  omamenti  much  variety  ia  dis- 
played, but  the  oppodtc  ones  are  mostly  alike. 
Windaa:  —  Semicircular-headed,  eitremely  narrow 
in  proportion  to  their  height,  being  aometimea  not 
more  than  nx  or  eight  mcbea  wide  to  a  height 
of  more  than  three  fbet,  and  splayed  or  bevelled 
off  on  the  inside  through  the  whole  thickness  of 
the  walL  WalU. —  Of  rery  great  lhickne*a,  aod 
Masonry  of  solid  construction.  CtiUngt  and  Roofi. 
In  crypts,  ai  at  York,  Wbchester,  and  a  few  other 


places,  raultlng  ia 
shafts  of  columns  a 
tbe  following  aectio 
and  parallelognunmic ;   being  usually  divided  it 


ornamented  arch.     The  cAancd  » 


cept    in    capitals,    in    arches    and    on 

(See    Norman    Ornaments   also,    in 

ubiect  397.)       Hoiij.  —  Rectuigulat 

a  body  and  chancel,  separated  1^  an 


!a  of  equal,  and  somctimi 


of  less  breadth  than 
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the  nave,  and  terminated  towards  the  east  in  a  semicircle.  In  larger  churches,  there 
is  a  nave  and  two  side  aisles,  the  latter  hemg  divided  from  the  former  by  ranks  of  co- 
lumns; but  no  transepts  appear  till  towards  the  latter  part  of  the  period.  **  Whe- 
ther,** observes  Mr.  Millers,  in  his  account  of  Ely  Cathedral,  whose  system  we  adopt, 
"thor  churches  were  ever  higher  than  one  tier  of  arches  and  a  range  of  windows 
above  (as  at  £ly)»  may  be  questioned.  Ridiard,  prior  of  Hexham,  speaks  of  three  stories, 
which  incites  another  tier  of  arches ;  but  if  he  is  rightly  so  understood,  this  seems  an  ex- 
ception firom  a  general  rule,  for  the  church  at  Hexham  is  q>oken  of  by  all  writers  who 
mention  it,  as  the  glory  of  Saxon  churches  in  the  seventh  century.  Afterwards,  about  970^ 
a  considerable  change  took  place ;  transepts  came  into  general  use,  with  a  square  tower  at 
the  intersection,  rising  but  little  above  the  roo^  and  chiefly  used  as  a  lantern  to  give  light 
to  that  part  of  the  church.  Towers  were  also  erected  at  the  west  end  :  the  use  of  them 
eoincidei  with  the  introduction  of  bells,  at  least  of  large  and  heavy  ones."  The  churches 
of  this  period  were  of  small  dimensions,  and  the  comparative  sizes  of  the  Saxon  and  the  Nor- 
man churches  which  followed  is  almost  a  criterion  for  their  age. 

S91 .  King  ( MtmimaUa  Anti^fua,  voL  iv.  p.  240. )  gives  three  anras  of  the  Saxon  style* 
1.  Ftxna  Egbert,  598  to  872.  2.  From  Alfred  to  Canute  and  Harold,  1036.  3.  To  the 
Norman  conquest.  He  selects  no  less  than  thirty-seven  examples  of  Saxon  ornaments  from 
mouldings  on  doorways  only.  As  examples  of  the  periods  he  adduces,  of  the  ^st^  Bar' 
frtaUm  in  Kent ;  of  the  second^  the  nave  and  choir  of  Christ  Church  Cttthedral,  Oxford,  and 
Canute's  great  entrance  gate  at  St  Edmundtbwry;  of  the  third,  SouthweUy  Notts,  and  Waltham 
Abibejft  Essex.  It  has  been  questioned  by  antiquaries  whether  any  Saxon  remains  actually 
exist  in  the  country ;  but,  admitting  their  arguments,  which  are  founded  on  rderences  to 
records  —  no  mean  authorities,  —  it  must  be  recollected  that,  on  their  own  showing,  some 
of  these  trench  so  close  upon  the  period  of  the  Conquest  as  to  show  that  the  Saxon  style 
might  have  prevailed  in  them,  for  the  general  change  of  style  in  any  art  is  not  effected  in  a 
day.  If  we  look  for  examples  coeval  with  the  Saxons  themselves,  and  without  controversy 
to  be  attributed  to  them,  they  will,  perhaps,  be  found  only  in  crypts  and  baptismal  fonts ; 
for  many  churches  were  rebuilt  by  the  Normans,  who  left  these  parts  untouched.  The 
castles  of  Roman  or  Saxon  foundation  were,  Richborough,  in  Kent ;  Castletown,  in  Derby- 
shire ;  Porchester,  in  Hampshire  \  Perensey,  in  Sussex ;  Castor,  in  Norfolk ;  Burgh,  in 
Suffolk ;  Cbesterford,  in  Essex ;  Corfe,  Dorset ;  Exeter  Castle  gateway ;  Dover,  in  Kent ; 
and  Beeston,  in  Che^iire. 


Sect.  II. 
NORMAN  ARCHrrzcTuaz. 

399.  From  the  landing  of  William  in  1066,  architecture  received  an  impulse,  indicated 
in  various  styles,  which  lasted  till  the  time  of  the  Tudors ;  when,  as  we  shall  hereafter  see, 
it  gave  way  to  one  altogether  different  That  called  the  Norman  style,  which  continued 
from  1066  to  nearly  1200,  comprised  the  reigns  of  William  I.,  William  II.,  Henry  I., 
Stephen,  Henry  II.,  and  Richard  I.  The  tw^th  century  exhibited  a  rage  for  building 
in  Britain  more  violent  than  has  been  since  seen.  The  vast  and  general  improvements  that 
were  introduced  into  iU>rics  and  churches  in  the  first  years  of  this  century  are  thus  de- 
scribed by  a  contemporary  writer  (  Orderic.  Vital.  Hist  Eccles.,  lib.  x.  p.  788.) :  —  **  The 
cathedrals,  and  abundance  of  churches,  newly  built  in  all  parts  of  the  country,  the  great 
number  of  sploidid  cloisters  and  monasteries,  and  other  residences  for  monks,  that  were 
there  raised,  suffici«itiy  prove  the  happiness  of  England  under  the  reign  of  Henry  I. 
Peace  and  proq»erity  were  enjoyed  by  the  religious  of  all  orders,  who  lent  their  whole  power 
to  increase  the  magnificence  and  splendour  of  divine  worship.  The  ardent  zeal  of  the  fiuthful 
prompted  them  to  rebuild  their  houses,  and  especially  their  churches,  in  a  more  suitable 
manner.  Thus  the  ancient  edifices  raised  in  the  days  of  Edgar,  Edward,  and  other  Chris- 
tian kings,  were  taken  down,  and  others  of  greater  magnitude,  beauty,  and  more  elegant 
workmanship,  were  reared  in  their  stead  to  the  glory  of  God. **  As  an  example  of  the  fervour 
with  which  these  objects  were  carried  into  efftect,  we  cite  the  following  instance,  quoting 
from  Dr.  Henry,  upon  whom  we  have  drawn,  and  shall  draw,  rather  largely.  *'  When  Joffred, 
abbot  of  Croyland,  resolved  to  rebuild  the  church  of  his  monastery  in  a  most  magnificent 
manner  (a.d.  1 106),  he  obtained  from  the  archbishops  of  Canterbury  and  York  a  bull  dis- 
pensing with  the  third  part  of  all  penances  for  siu  to  those  who  contributed  any  thing 
towards  the  building  of  that  church.  This  bull  was  directed  not  only  to  the  king  and 
people  of  England,  but  to  the  kings  of  France  and  Scotland,  and  to  all  other  kings,  earls, 
barons,  archbishops,  bishops,  abbots,  priors,  rectors,  presbyters,  and  derks,  and  to  all  true 
believers  in  Christ,  rich  and  poor,  in  all  Christian  kingdoms.     To  make  the  best  use  of 
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tbii  bull,  he  lent  two  of  his  most  eloquent  monks  to  proclaim  it  oter  all  Frence  and  Flan- 
ders ;  two  other  monks  into  Scotland ;  two  into  Denmark  and  Norway ;  two  into  Wales, 
Cornwall,  and  Ireland ;  and  others  into  different  parts  of  England.  By  this  means  (says 
the  historian)  the  wonderful  benefits  granted  to  the  contributors  to  the  building  of  this 
ehureh  were  published  to  the  very  ends  of  the  earth ;  and  great  heaps  of  treasure,  and 
masses  of  yellow  metal,  flowed  in  from  all  countries  upon  the  ▼enerable  abbot  Joffred,  and 
encouraged  him  to  lay  the  foundaUons  of  his  church.  Having  spent  about  four  years  in 
collecting  mountains  of  different  kinds  of  marble  from  quarries,  both  at  home  and  abroad, 
together  with  great  quantities  of  lime,  iron,  brass,  and  other  materials  for  building,  he  fixed 
a  day  for  the  great  ceremony  of  laying  the  foundation,  which  he  contrived  to  make  a  very 
efl&ctual  mean  of  raising  the  superstructure ;  for  on  the  long-expected  day,  the  feast  of 
the  holy  virgins  Felicitas  and  Perpetua,  an  immense  multitude  of  earls,  barons,  and 
knights,  with  their  ladies  and  fiunilies,  of  abbots,  priors,  monks,  nuns,  clerks,  and  persons 
of  all  ranks,  arrived  at  Croyland  to  assist  at  this  ceremony.  The  pious  abbot  Joffred  began 
by  saying  certain  prayers,  and  shedding  a  flood  of  tears  on  the  foundation.  Then  each  of  the 
earls,  barons,  knights,  with  their  ladies,  sons,  and  daughters,  the  abbots,  clerks,  and  others, 
laid  a  stone,  and  upon  it  deposited  a  sum  of  money,  a  grant  of  lands,  tithes,  or  patronages, 
or  a  promise  of  stone,  lime,  wood,  labour,  or  carriages  for  building  the  church.  After  this 
the  abbot  entertained  the  whole  company,  amounting  to  five  thousand  persona,  to  dinner. 
To  this  entertainment  they  were  well  entitled ;  for  the  money  and  grants  of  different  kinds 
which  they  had  deposited  on  the  foundation  stones  were  alone  suflScient  to  have  raised  a 
very  noble  fidiric.'*  This  spirit  extended  throughout  the  island ;  for,  in  Scotland,  David  L 
raised  thirteen  abbeys  and  priories,  some  of  them  on  a  scale  of  considerable  nuignificence, 
besides  several  cathedrals  and  other  churches. 

S9S.  The  common  people  of  the  country,  and  the  burrases  in  the  towns,  were  not 
much  better  lodged  than  in  the  previous  age ;  their  condition,  indeed,  was  not  improved. 
In  London,  towards  the  end  of  the  twelfth  century,  the  houses  were  still  built  of  timber, 
and  covered  with  reeds  or  straw.  The  palaces,  however,  or  rather  castles,  of  the  Anglo- 
Norman  kings,  nobility,  and  prelates,  were  on  a  very  superior  construction.  William  of 
Malmesburv  says  that  the  Anglo-Saxon  nobility  squandered  their  ample  means  in  low  and 
mean  dwellwgs ;  but  that  the  French  and  Nonnan  barons  lived  at  less  expense,  though 
dwelling  in  large  and  magnificent  palaces.  The  hct  is,  ^lat  among  these  latter  the  rage  for 
erecting  fortified  castles  was  quite  as  great  as  that  of  erecting  ecclesiastical  buildinge 
among  the  prelates.  The  system  became  necessary,  and  was  induced  as  well  by  the  pre- 
vious habits  of  the  country  they  had  left,  as  by  their  situation  in  the  island.  Surrounded 
by  vassals  whom  they  held  in  subjection,  and  whom  they  depressed  and  plundered  in  every 
way,  they  were  so  detested  by  them  that  deep  fosses  and  lofty  walk  were  necessary  ft^ 
their  security.  The  Conqueror  himself  aware  that  the  want  of  fortified  places  had  no  less 
assisted  his  conquest  than  it  might  his  expulsion,  resolved  to  guard  against  such  a  contin- 
gency by  the  strong  castles  which  he  placed  within  the  royal  demesnes.  Matthew  Paris 
observes  that  William  excelled  all  his  predecessors  in  the  erection  of  castles,  in  executing 
which  he  harassed  his  subjects  and  vaasals.  So  much  was  the  practice  a  matter  of  course, 
that  the  moment  one  of  the  nobility  had  the  grant  of  an  estate  from  the  crown,  a  castle  vras 
buUt  upon  it  for  his  defence  and  residence ;  and  this  spirit  was  not  likdy  to  be  diminisbed 
by  the  disputes  relative  to  the  succession  in  the  following  reigns.  William  Rufiis,  accord- 
ing to  the  statement  of  Henry  Kni^^ton,  was  as  much  addicted  to  the  erection  of  royal 
castles  and  palaces  as  his  fother,  as  the  castles  of  Dover,  Windsor,  Norwich,  and  others 
suflScLently  prove  ;  and  it  is  certain  that  no  monarch  before  him  erected  so  many  and  noble 
edifices.  Henry  I.  followed  in  his  taste ;  but  in  the  reign  of  Stephen,  1 1 35  to  1 154,  says 
the  author  of  the  Saxim  Chronide,  every  one  who  had  the  ability  built  a  castle,  and  the 
whole  kingdom  was  covered  with  them,  no  fewer  than  1115  having  been  raised  from  their 
foundations  in  the  short  space  of  nineteen  years ;  so  that  the  expression  is  by  no  means 
stronger  than  is  justified  by  the  feet 

S94.  It  will  be  proper  here  to  give  the  reader  some  concise  general  description  of  these 
structures,  which  served  for  residence  and  defence.  The  situation  chosen  for  a  castle  was 
usually  on  an  eminence  near  a  river.  Its  figure  on  the  plan  was  often  of  great  extent,  and 
irregular  in  figure ;  and  it  was  surrounded  by  a  deep  and  broad  ditch,  called  the  jfbssc, 
which  could  be  filled  with  water.  An  outwork,  called  a  barbic€Mj  which  was  a  strong  and 
loftv  wall,  with  turrets  upon  it,  and  designed  for  the  defence  of  the  great  gate  and  draw- 
bridge,  was  placed  before  the  latter.  Within  the  ditch,  towards  the  main  building,  was 
placM  its  wall,  about  8  or  10  ft.  thick,  and  from  20  to  SO  ft.  high,  with  a  parapet  and 
embrasures,  called  crmneb,  on  the  top.  At  proper  intervals  above  the  wall  square  towers 
were  raised,  two  or  three  stories  in  height,  wherein  were  lodged  some  of  die  principal 
officers  of  the  proprietor  of  the  castle,  besides  their  service  for  other  purposes ;  and,  on  the 
inside,  were  apartments  for  the  common  servants  or  retainers,  granaries,  storehouses,  and 
other  necessary  offices.  On  the  top  of  the  wall,  and  on  the  fiat  roofr  of  the  towers,  the 
defenders  were  placed  in  the  event  of  a  siege ;  and  thence  they  discharged  arrovrs,  darts. 
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and  stones  on  their  assailants.  The  great  gate  was  placed  in  some  part  of  the  wall  flanked 
with  a  tower  on  each  side,  with  rooms  over  the  entrance,  which  was  closed  with  massiTe 
oak  folding  doors,  frequently  plated  with  iron,  and  an  iron  grate,  or  portcuBU,  which,  by 
machinery,  was  lowered  from  aboTe.  Within  this  exterior  wall,  or  ballium,  was,  in  the 
more  extensiye  castles,  the  outer  baUiwmf  which  was  a  large  open  space  or  court,  wherein 
a  church  or  chapel  was  usually  placed.  Within  the  outer  ballium  was  another  ditch,  with 
wall,  gate^  and  towers,  inclosing  the  inner  ballium  or  court,  in  which  was  erected  the 
large  tower,  or  Aecp.  It  was  a  large  fabric,  some  four  or  five  stories  high,  whose  enormously 
thick  walls  were  pierced  with  Tery  small  apertures,  serving  barely  as  windows  to  the  gloomy 
apnrtments  upon  which  they  opened.  This  great  tower  was  the  dwelling  of  the  owner  of 
the  castle ;  and  in  it  was  also  lodged  the  constable,  or  governor.  It  was  provided  with 
underground  dismal  apartments  for  the  confinement  of  prisoners,  whence  the  whole  build- 
ing receiTed  the  appellation  ofdungton.  In  the  keep  was  also  the  great  hall,  in  which  the 
friends  and  retainers  of  the  owner  were  entertained.  At  one  end  of  the  great  halls  of 
castles,  palaces,  and  monasteries,  a  low  platform  was  raised  a  little  abore  the  rest  of  the 
floor,  called  the  din>,  on  which  stood  the  principal  table  whereat  persons  of  higher  rank 
were  placed.  The  varieties  which  occurred  in  the  arrangement  and  distribution  of  castles 
were,  of  course,  many,  as  circumstances  varied;  but  the  most  magnificent  were  erected  nearly 
on  the  plan  we  have  just  described,  as  may  be  gathered  as  well  from  their  ruins  as  from  an 
account  by  Matthew  Paris  of  the  taking  of  Bedford  Castle  by  Henry  III.,  a.d.  12S4. 
This  castle,  we  learn  from  him,  was  taken  by  four  assaults.  In  the  first  was  taken  the  bar- 
bican ;  in  the  second,  the  outer  ballium ;  in  the  third  attack,  the  miners  threw  down  the 
wall  by  the  old  tower,  where,  through  a  chink,  at  great  risk,  they  possessed  themselves  of 
the  inner  ballium  ;  on  the  fourth  assault,  the  miners  fired  the  tower,  which  thereby  became 
so  injured  and  split  that  the  enemy  thereon  surrendered.  The  keeps  of  which  we  have 
spoken  are  such  extraordinary  edifices,  that  we  think  it  right  to  place  before  the  reader, 
from  the  Diteom'ae*  iqnm  Ar^Ueeture  of  our  late  much  esteemed  and  learned  friend,  the 
Rev.  James  Dallaway,  the  following  table  of  some  of  the  principal  ones  of  the  Norman 


1 

Internal  Square,  or  Oblong. 

N««. 

Length. 

BtowdUi. 

Baliltt. 

nvMimaf  BoMM. 

DM«  tad  Poaadan. 

Tower  of  Loodoo 

116  ft. 

96  ft. 

—  ft. 

By  semldrcular  arches. 
Poor  floors. 

William  the  Conqueror. 

rwdiMsar 

116 

65 

... 

Canterbury 

W 

80 

50 

Two  walls    continiied 
from  the  bate  to  the 

topi 

Beeheiter 

75 

78 

104 

By  Mmidrciilar  arches. 

Oundulph  (Bishop). 

Dover     ... 

.• 

... 

98 

CulchfSffT 

140 

109 

— 

Three  large  rooms  on 
each  floor. 

Norwi^ 

110 

99 

70 

Roger  Bigpd. 
Bi^rdei^aci. 

Ludlov 

.. 

.. 

no 

Four  ttoriea. 

Hedioffham      • 

6t 

65 

100 

Three  tiers  above  baae- 
meot. 

Gufldford 

4S 

47 

_ 

Oxtard 

* 

- 

- 

Robert  D'OIley. 
1070. 

Ptchmond 

• 

- 

• 

Vault  rapported  by  a 
single  ocbngular  pil- 
lar. 

By  Internal  arches  and 
door  cases  in  Nor> 

1100. 

NawcssUe  upon  Tyae 

n 

68 

54 

1060.  Robert  Curthotse. 

man  style. 

• 

Corfe 

7S 

60 

80 

Hound,  or 

PoIygonaL 

Arundel 

09 

57 

— 

Roof  open  in  the  centre, 
straight  buttresses. 

1070.    Roger  Montgo- 
meri. 

CoDkborsb     - 

»  diameter. 

Three  floors,  two   of 

1070.    W.de  Warren. 

them    state     apart- 

ments. 

York       •        • 

64 

45 

* 

Four      segments      of 
circles 

1068.  William  the  Con- 
queror. 

Taabrldge       - 
Berkeiey 

64 

M 

m 

Circular,    flanked    by 

1190.  Rob.Fitshanllng. 

Lincohi 

m 

- 

— 

1066.  William  the  Con- 
queror. 

Oxlbrd 

m 

m 

9 

Polygon,    flanked    by 
three  square  towers. 

WIndaor          •          • 

90 

85 

_ 

ReboUt  by  Edw.  III. 

Dorbom          ^ 

68 

61 

— 

Heightened  hi  1890. 

395.   Gundulph  is  said  to  have  introduced  the  architectural  ornaments  of  the  Norman 
style  into  the  interior  as  wall  as  on  the  exterior  of  castles.     The  use  of  battlements,  loop- 
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rtitian  bj  whom  the  Niiinun  worka  were  plumed  uid  eiecutol  were 
and  ikill,  and  the  Damei  of  aeveral  h»e  nKMt  deservedly  obtun«l  a 
'va» of  Canterhurv  record!  that  William  of  Sens,  the  architect  oT  Arch- 
tnahop  Lan&anc  in  huilding  his  cathedral^  was  an  artist  of  great  talents  ;  and  that  he  not 
only  made  a  complete  model  of  the  cathedral  upon  which  he  was  employed,  hut  of  all  the 
details  of  sculpture  neceseary  for  its  execution,  heeidei  inventing  machines  for  loading  and 
unloading  the  Tesoels,  and  conveying  the  heavy  materials,  many  whereof  were  hrought  from 
Normandy.  Of  Walter  of  Coventry,  another  architect  of  the  age,  Matthew  Paris  speaks  in 
the  highest  terms,  saying  that  ^*  so  excellent  an  architect  had  never  yet  appeared,  and  pro- 
bably never  would  appear  in  the  world."     Dr.  Henry  on  this  very  properly   observeSt 

of  many  magniAoent  &brtcs,  both  sacred  and  civil,  that  were  erected  in  this  period,  without 
admiring  the  genius  of  the  architects  hy  whom  they  were  planned,  and  the  dexterity  of  the 
workmen  hy  whom  they  were  executed." 

336.  Of  the  twenty-two  English  cathedrals,  fifteen  retain  pails  of  Norman  ereetion, 
whose  dates  are  pretty  well  ascertuned ;  and  hy  them  the  Norman  manner  was  prf^resuvely 
brought  to  perftction  in  England.  We  subjoin  the  tallowing  enumeration  of  Norman 
bishops,  who  were  either  patrons  of  the  art,  or  practising  it  themselves. 


a.D. 

B.hoj,-*,ddK,. 

W«^ 

lOWIOIOftB 

Aldral,  Bl.hDo  or  WorlMtcr, 

SI.  P«er-i.  OlouceHer. 

llWtollSI 

Of  Norman  architecture  the  pric 
397.   Archa.- — Generally  semic 


Euhjoined  in  the  following  sub. 
31ouce«er,  here  given  {fig-  1B5.). 


thou  ' 


lingle 


julding, 


■  ;  occadonally  with- 
out any  moulding  at  all ; 
the  soffilt  always  plain. 
In  the  second  story,  two 
smaller  equal  arches  under 

comparatively  slender,  be- 
tween tbem.  In  the  third 
story  (see  Jig.  1H6.),  gene- 
rally three  together,  the 
centre  one  higher  and 
broader  than  the  others,  and 
opened  for  a  window  ;  but 
J  the  whole   three   only  oc- 

cupy a  space  equal  to  that 
of  the  lower  areb.  Artha  of  eatranct  are  profiuely  decorated 
(ji!/.  187-,  fW>m  Ely)  irith  mouldings,  foliage,  wreaths,  masks, 
G(^res  of  men  and  animals  in  relief,  and  oil  the  bncies  of  the 
wildest  imagination,  in  which  every  thing  that  IS  extravagant, 
grotesque,  ludiorous,  nay,  eveti  grossly  indecent,  is  to  be  found. 
Before  the  end  of  the  period  —  and  w«  may  almon  say  early  in 
it— -it  exhibits  examples  o(  poiidrd  archa.  They  are,  how-  "«■ '* 
ever,  sparingly  introduced  :  one  or  more  tiers  appear  in  the  up. 
per  stories  Ota  building,  whilst  all  the  lower  ones  are  cirouUr.   Someti 
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tmetimea  we  find  odg  capriciously  inserted  between  Kreral  round  ones  i 
matt  put,  obtusely  puinted,  though  oecuioiullj  Ihcy  are  the  reTene. 
Tbe;  are  dvmy s  vide,  stand  on 
'    ■  heBTf  colunlns.oraredeconted 

with  mouldings,  or  both.  The 
■pproacbM  to  the  pointed  itjle 
were  not  itrongly  marked,  but 
tbej  were  indicated;  for  tbe 
pointed  style  cannot  be  pro- 
nounced to  have  commenced 
until  the  sharp-pointed  aich 
sprung  li'om  a  slender  column 
graced  with  a  capital  of  carved 
foliage,  and  this  it  is  not  safe 
to  place  earlier  than  the  reign 
otJaba.    Tbe  arch  which  rises 

not  very  often  occur ;  but  it 
must  be  mentioned  as  exhibit- 
ing one  of  the  varieties  of  the 
period.  CUumiu.  —  These  are 
of  very  large  diameter  relative 

Hieir  shafts  ore  circular,  heia- 
graial,  and  sometimes  octago- 
nal, on  the  plan ;  fluted,  lo- 
senged,  reticulated,  end  other- 
wise sculptured.  Sometimes 
tbey  are  square  on  the  plan, 
and  then  accompanied  by  por- 
tions of  columns  or  pilasters 
applied  to  them.  Sometimes 
four    columni    are    connected 

gular  pieces.  They  are  much 
higher    in   proportion  to  their 


lunuis    heretofore    descrihed  ; 

and  though  their  capitals  are 

not  unfrequently  quite  plain, 
Fii.  m.  Fniia^  ■»T«»M  AT  in.  '•"T  sre  more  commonly  deel*- 

rated  with  a  species  of  volute, 
or  with  plants,  flowers,  leares,  shells,  animals,  &c.  llie  buses  stand  on  a  strong  plinth, 
adapted  on  its  plan  to  receive  tbe  combined  and  varied  forms  of  the  columns.  IfimlinBt,  are 
•till  narrow,  and  semicireular-headed  ;  but  they  are  higher,  and  ofUn  in  groups  of  two  oi  three 
together.  CtiUngt,  usually,  if  not  always,  of  timber,  eicept  in  crypts,  in  wliich  they  are 
vaulted  with  stone,  with  groins  mostly  plain,  yet  sometimes  arnsmented  on  the  edge,  but  uni- 
fCTHlly  without  Iraoery.  The  White  Tower  of  London,  bowever,  eihibits  an  example  of  a 
centre  aisle  covered  with  vaulting.  Our  belief  is,  and  in  it  we  are  corroborated  by  the  Kev. 
Mr.  Uallaway,  whose  judgment  we  hold  in  no  small  esteem,  that  there  is  no  instance  of  a 

ceiling.  This  is  not  only  indicated  by  the  detail,  but  by  the  circumstance  of  the  walls 
being  insufficient  (thick  as  they  are)  in  solidity  to  resist  the  thrust.  Peterborough.  Ely, 
St.  Peter^s,  Northampton,  Stcyning,  Rinnsey,  &c.  are  calculated  and  conslrucled  to  receive 
wooden  roofi  only.  WaBt,  are  of  extraordinary  thickness,  with  but  tew  buttresses,  and 
those  of  small  projection  ;  flat,  brood,  and  usually  without  ornament.  OfnamenU. — Among 
these  must  be  Grat  named  the  ranges  of  arches  and  pilasters  which  had  nothing  to  support, 
already  incidentally  mentioned,  and  which  were  intended  to  fill  up  void  spnce*,  internally 
as  well  H  eilemiJIy,  for  the  purpose  of  breaking  up  large  masses  of  surface;  tbey  are 
very  common  on  the  inside  of  north  and  south  walls,  sometimes  intersecting  each  other  so 
as  to  produce  those  compartments  that  are  alleged  to  have  given  rise  to  the  pointed  aicb. 
The  mouldings  of  the  Saxon  period  continued  much  in  use,  and  we  ought,  perhaps,  to 
have  given  some  of  them,  as  belonging  to  the  preceding  section  ;  and,  indeed,  should  have 
so  done,  il^  in  the  Norman  style,  tbey  had  not  increased  in  number  end  variety,  and  had 
BOt  also  be«n  employed  in  profusion  about  the  ornamental  arches  just  named,  especially  in 
oonsptcuoua  places  on  the  outudc,  as  in  the  west  front  especially.  The  most  usual  oina- 
neot*   (/(F.  ISS.)    were,    1.  The  chtBnm,    or    zigzag  moulding;    a.  The   rmbaukd  frrtlt; 
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S.  The  irianffidar  frttici  4.  Th«  uaUkeadg  5.  The  MZZef;  6.  The  eabUf  7.  The  katdked; 
8.  The  Joztngt;  9.  The  wooy;  10.  The  ptiOH  moulding;  11.  The  nebvie.  The  tonu  was 
used,  ss  was  also  the  eatMtto,  which  were  both  of  Grecian  extraction.  The  chief  of  these 
ornaments,  perhaps  all,  were  used  in  the  Saxon  age,  besides  others  which  were  oc- 
casionally  employed,  and  which  to  designate  by  name  would  be  difficult ;  such,  for  in- 
stance, as  the  eorbA'tahU  (Ifi)t  which  consists  of  small  ranges  of  arches,  resting  on  brackets 
sometimes  decorated  with  ea^red  heads,  often  introduce?  along  the  whole  building  im<- 
mediately  below  the  eayes  or  battlement.  Sometimes  canred  heads  are  obserred  in  the 
i^Mndrels  of  arches,  and  are  also  used  as  capitals  of  the  ornamented  pilasters,  or  as  cor- 
biels,  to  support  what  is  called  the  canopy,  or  exterior  semicircle  of  moulding  on  arches 
of  entrance,  or  abore  the  keystones  of  those  arches.  There  are  instances  of  whole  figures 
oyer  doors  in  messo-riUevo,  which  Bfillers  obsenres  was  the  nearest  approach  the  Normans 
seem  to  hare  made  to  a  statue.  Flant.  —  The  churches  of  this  period  are  always  with 
transepts,  and  a  tower  at  the  intersection,  loftier  than  heretofore,  but  without  spires  over 
them.  There  are  rising  firom  them  stories  of  arches,  one  above  the  other ;  and  the  eastern 
ends  are  semicircular.  Thou^  much  of  the  Saxon  style  is  retained,  there  is,  from  the 
larger  dimensions  of  the  edifices  of  this  period,  a  much  noore  impressiTe  air  of  mag- 
nificence than  had  before  appeared.  Millers  rery  truly  says,  that  the  churches  were 
**in  all  dimensions  much  ampler,  with  a  general  ab  of  cumbrous  massive  grandeur. 
The  Normans  were  fond  of  stateliness  and  magnificence ;  and  though  they  retained  the 
other  characteristics  of  the  Saxon  style,  by  this  amplification  of  dimensions  they  made  such 
a  striking  change  as  might  justly  be  entitled  to  the  denomination  which  it  received  at 
its  first  introduction  among  our  Saxon  ancestors,  of  a  new  ttyh  of  arehiteehtre.**  The 
criterion  between  the  Saxon  and  Norman  styles,  of  enlarged  dimensions,  is  too  vague 
to  guide  the  reader  in  a  determination  of  the  age  of  buildings  of  this  period  ;  for  it  is  only  in 
large  edifices,  such  as  cathedral  and  conventual  churches,  with  their  transepts,  naves,  side 
aisles,  and  arches  in  tier  above  tier,  that  this  can  be  perceptible.  There  are  many  parish 
ehurches  of  this  age,  whose  simplicity  of  form  and  small  dimensions  have  been  mistaken 
for  Saxon  buildings ;  and  which,  from  not  possessing  any  of  the  grander  Norman  features, 
have  been  assigns  to  an  earlier  age.  The  distinction  ascertainable  fit>m  heights  of  oo- 
lumns,  —  namely,  taking  the  height  of  the  Saxon  column  at  from  four  to  six  diameters, 
and  that  of  the  Norman  at  only  two, — will,  we  icar,  be  insufficient  to  decide  the  question  in 
oases  of  doubt ;  but  it  must  be  admitted  this  n  one  of  the  means  which,  in  some  measure, 
would  lead  us  to  an  approximate  judgment  of  the  matter,  and  a  careftil  observation  and 
comparison  <]€  specimens  would  make  it  more  definite.  We  shall  here  merely  add,  that  the 
first  Norman  architects,  by  the  lengthened  vista  of  the  nave,  uninterrupted  by  any  choir 
screen,  produced  a  sublime  and  imposing  effieot  by  the  simple  grandeur  and  amplitude  of 
dimensions  in  their  churches. 

398.  ExampUi.  —  Examples  of  Norman  architecture  in  English  cathedral  church$$  are  to  be 
found  at  Bfyt  in  the  western  towers  and  nave ;  at  Brietol,  in  the  elder  Lady  Chapel,  and  Chap- 
ter House;  at  Canterbury  in  the  choir,  and  the  round  part  called  Bccket^s  Crown;  at  Norwich, 
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in  the  nmve  and  choir  ;  at  Iferefbrdt  in  the  tranaept  tower  and  choir ;  at  IfUb,  in  the  nave 
and  choir ;  at  Cksater,  in  the  Chapter  Houae ;  at  CMeUsier,  in  the  preabytery  ;  at  A#«r- 
baromgk,  in  the  transept.  In  the  comvemHud  ckur€ke§,  for  examples  we  may  refer  the  reader 
to  Uamitmy,  near  Monmouth  ;  the  naye  and  west  front  of  Fottmiain*^  Yorkshire ;  the  nave 
and  diapd  of  Si,  ^mepk^  at  Gbstonbury  ;  the  west  front  at  Sdbyt  in  Yorkshire ;  many  parts 
at  SL  Atbam**:  the  choir  at  WefUoek^  in  Sluopshire ;  Cartmdl,  in  Lancashire ;  Furuets  ;  West 
End,  at  Bpkmdt  with  the  wheel  window,  anid  the  south  transept ;  parts  of  Boltou,  in  York- 
shire i  part  of  Brinkboum,  in  Northumberland ;  part  of  EdmondAmry,  in  Suflfblk  ;  and  St, 
Mkn*M  Ckmrckf  at  Chester.  For  examples  of  parochial  churches,  MeltoH,  Suflfblk;  Sotterttm 
and  Shafard,  Lincolnshire ;  CkH$tckmh,  Hampshire ;  SherbonrH  Mhuier,  Dorset ;  Win- 
oftdMo,  Sleynimg,  and  New  Shorekam,  Sussex  ;  chancel  of  St.  Peter^  Oxford  ;  BarTt  ^xrtom 
Totetr^  Northamptonshire ;  Weat  Walton  Towtr,  Norfolk  ;  l^cy,  Oxfordshire ;  Caalh  Rinng^ 
Norlblk ;  St.  Marparef*  Porch^  at  York  ;  St.  Peter's  Churek^  Northampton ;  besides  sereral 
round  or  polygonal  bell-towers,  both  in  Suflfblk  and  Norfolk,  —  may  be  referred  to.  Ex- 
amples of  military  Norman  arehiteeture,  from  1070  to  15270,  were  at  Launeeaton,  Cornwall; 
Antmdel^  Sussex ;  Windmr,  in  Berks  (rebuilt) ;  Tower  of  London ;  the  square  keeps  of 
Sodinjfkaak,  Essex  ;  Caerphittyj  Glamorgan ;  Caritbrook,  Isle  of  Wight ;  Pon^eater,  Hants 
(1160);  GmUfordj  Surrey;  Bamhonmgh,  Northumberland;  Kenilworth^  Warwickshire; 
Ridimamd,  Yorkshire;  Cardiff,  Glamorganshire;  Camterhwry,  Kent;  Oxford  (1071); 
^«iBcas<fe,  Northumberland  (1190);  Gi^oromgh,  Yorkshire  (1180);  Oude  Rising,  Nor. 
folk  ;  MuMlekam,  Yorkshire  ;  Coekermomth,  Cumberland  ;  Dwrham  ( 1 1 5.<i) ;  Lincoln  (1086) ; 
Btrhdtyj  Gloucestershire  (1 153);  Lancaster i  Otford,  SuflTolk,  polygonal  (1180)  ;  Ludlow, 
Salop  (1 180)  ;  KmUwortky  enlarged  (1880) ;  Warkworik,  Northumberhmd,  square,  with  the 
angles  cut  off;  DotMykg  Beestm,  Cheshire ;  Hawarden,  Pembrokeshire. 
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399.  The  next  period  of  architecture  in  Britain  which  comes  under  our  consideration* 
flaUowing,  as  we  consider  it,  the  sensible  classification  of  the  Her.  Mr.  Millers,  is  that 
which  he  has  denominated  the  oariy  Engliak  sfyfe,  whose  duration  was  from  about  1 800  to 
1300 ;  extending,  therefore,  through  the  reigns  of  John,  Henry  III.,  and  Edward  I.,  during 
which  the  building  of  churches  and  monasteries  was  still  considered  one  of  the  most 
eflhetual  means  of  obtaining  the  pardon  of  sin,  and  consequentlv  the  fiivour  of  Heaven.  In 
the  thirteenth  and  fourteenth  centuries,  the  churches  built  in  Britain  were  almost 
innumerable. 

400.  We  have  already  noticed  (chap.  ii.  sect.  xv. )  the  introduction  of  the  pointed  arch  into 
architecture ;  a  foature  which  completely  changed,  from  all  that  previously  existed,  the  cha- 
FBCter  of  the  edifices  to  which  it  was  applied.  If  any  service  could  be  rendered  to  the  history 
of  the  art,  or  if  the  solution  of  the  problem,  **  who  were  its  inventors  ?**  could  throw  any 
useful  li^t  on  the  manners  and  customs  of  the  people  that  first  adopted  it,  we  should  be  the 
last  to  relinquish  the  investigation.  The  question  has  frimished  employment  to  many  literary 
idlers,  especially  at  the  univernties,  whose  time  might,  perhaps,  have  been  more  usefully 
employed  in  looking  after  the  young  men  under  their  charge,  especially  as  they  have  all, 
except  Whittington,  done  littie,  if  any  thing,  towards  advancing  a  knowledge  of  the  subject, 
which  involves  information  possessed  by  few  of  them,  of  whom  the  latest  have  done  the 


401.  During  the  reign  of  Henry  III.  alone,  no  leas  a  number  than  157  abbeys,  priories, 
and  other  religious  houses  were  founded  in  England.  Several  of  our  cathedrals  and  con- 
ventual ehurches  in  a  great  part  belong  to  this  period,  in  which  the  lancet  or  sharp-pointed 
arch  first  appeared  in  the  buildings  of  this  country,  though  on  the  Continent  it  was  used 
nearly  a  century  earlier.  The  great  wealth  of  the  clergy,  added  to  the  seal  of  the  laity, 
furnished  ample  funds  for  the  erection  of  the  magnificent  structures  prelected ;  but  it  waa 
irith  extreme  difllculty  that  workmen  could  be  procured  to  execute  them.  With  the  popes 
it  was,  of  course,  an  Object  that  churches  should  be  erected  and  convents  endowed ;  hence 
tiiey  granted  by  their  bulls  many  indulgences  to  the  Society  of  Freemasons,  which  had 
grcaUy  increased  in  its  numben.  These  Freemasons  appear  to  have  ranged  firom  one 
nation  to  another  (  Wrem*9  ParentaHayt  as  they  found  churches  to  be  built :  their  govern- 
ment waa  regular,  and  when  they  fixed  near  the  building  in  hand  they  made  a  camp  of 
huts.  A  surveyor  governed  in  chief;  every  tenth  man  was  called  a  warden,  and  over- 
looked each  nine.  **  Those  who  have  seen  the  account  in  records  of  the  chaige  of  the 
fabrics  of  some  of  oar  cathedrals,  near  400  years  old,  cannot  but  have  a  great  esteem  for 
their  economy,  and  admire  how  soon  they  erected  such  lofty  structures.**     It  was  in  the 
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coune  of  thii  period  thai  Kulpture  wu  fint  nude  eiWniiTely  BTulabie  for  mrchitectural 
ileaoTation.  llie  cathedral,  coOTentiia],  and  other  churches  built  in  Biitain,  began  to  ba 
ornamented  on  the  ouliide  with  atatuea  of  varioui  dimeniioiis  in  haaio  and  alto  rilievo. 
Tber  were  oot  equal  in  execution  to  thoae  of  France,  vhich  baTe  alao  had  the  addilioruJ 
good  ibrtune  (o  bare  heen  better  preierved,  from  their  eipoiure  to  aeaaons  leaa  inclemaot, 
and  to  an  atmosphere  unimpregnatcd  with  the  amalce  of  coal. 

40S.  Great  improrements  Hcm  to  haie  taken  place  in  the  caitlei  of  the  time ;  they  still 
continued  to  serre  fbi  the  dwelling  and  defence  of  the  prelatea  and  barons  of  the  country. 
The  plana  of  Ihem  were  generslly  similar  to  those  alrmdy  described  ;  but  it  must  still  be 
conceded  Ihal  the  inhal>itants  and  owners  of  them  sacrificed  their  convenience  to  their 

whose  aputments  were  gloomy,  whose  bed-chambers  were  few  and  small,  wlioee  passages 

were  nanow   and   intricate,  and  their  stairs  sleep  and  dark.      Tlie  plan,   howcTer,  as 

Mr.  Dillaway  abaenes,  "  which  allowed  of  enlarged  dimensions,  and  greater  regularitj'  and 

beauty  in  the  architecture  of  the 

England  to  King  Hklward  1.  We 
may,  indeed,  convder  his  reign  as 
Ihe  epoch  of  the  grand  style  of 
.  iKCommodation  and  magnificence 
eonibined  in  cutle  architecture. 
When  engaged  in  the  Crusades,  he 
■urvcyed  with  satislictioii  tbe  supe- 
rior form  and  strength  ofthecastles 
in  tbe  l«iBiit  and  in  tbe  Holy 
«,.119,  ^    <ui».sw»nu.  Land."  Of  tbe  five  oBtla  erected 

9,),  Conway  (jtg.  190.).  Hsrlech,  and  Beaumaiia  still 
noe;  hut  that  of  Abcrysiwith  hnsscweely  a  rcaturcleft 
Caernarvon  Castle  consisted 
of  two  distinct  parts:  onemilU 
(□ry,  and  suited  to  the  recep- 
tion of  B  garrison  ;  the  other 
paUtial.  Tbe  ground  plan 
was  oblong,  unequally  divided 
into  >  lower  and  an  upgier 
ward.  Of  Ibe  towers,  which 
arc  all  pulygonal,  tbe  largest, 
Irom  some  tradition  called  the 
Eagle  Tower,  has  three  small 
angular  turrets  rising  from 
it ;  the  others  having  but  one 
ofthe  samcdescriplion.  "'ITie 
encloung  walls."  continues 
Mr.  Dallaway,  "are  seven  feel 
tliiclt,  with  oisra  and  para- 
''*-^*''  "*"*'=*""■  pets  pierced  frequently  with 

millrl  bole*.  A  great  tinguUrity  is  observable  in  the  eitreme  height  both  of  the  great 
entrance  gate  and  that  which  is  called  Ihe  Queen's.  Leland  observes  of  the  portcullises  at 
Tembroke,  that  they  were  composed  tr  Klida  faro.  In  confirmation  of  the  opinion  that  the 
royal  Ibunder  adapted  the  form  of  such  gates  of  entrance  from  Ihe  East,  similar  ones  arc 
almost  universal  in  the  csitles,  mosques,  and  palaces  of  the  Saracens,  which  be  had  so  fre- 
quently seen  during  the  Crusades.  The  tower  ofentisnce  from  the  town  of  Cacmarton  » 
still  perfect,  and  is  the  most  liandsome  structure  of  that  age  in  the  kingdom.  It  is  at 
least  100  (t  high  ;  and  the  gateway,  of  very  remarkable  depth,  is  formed  by  a  BUccc«ion 
of  ribbed  arches,  sharply  pointed,  'llie  grooves  for  three  portcullises  may  be  discovered  ; 
and  above  them  are  circular  perforations,  through  which  misnle  weapons  and  molten 
lead  might  be  discharged  upon  the  assailants.  In  the  lower  or  palatial  diviUon  of  ilie 
castle  stand  a  large  polygonal  tower  of  four  stories,  which  was  appropriated  to  Queen 
Eleanor,  and  in  which  her  ill-fated  son  was  born,  and  another  which  was  occupied  hy 
the  king,  of  a  circular  shape  externally,  but  square  towards  the  court.  The  apartinenls  Ul 
the  la-sl  mentioned  are  larger,  aud  lighted  by  windows  witli  square  heads,  and  intersecled 
vitli  carved  mulliuns.  'lliere  is  s  singular  contrivance  in  the  battlements,  each  of  which 
had  an  excavation  for  Ihe  archers  to  stand  in,  pointing  their  arrows  through  the  slits; 
and,  a  curious  stratuem.  the  carved  ligures  of  sotdiers  with  helmets,  apparently  looking 
over  the  parapel.  'Diis  device  Is  repealed  al  Chepstow."  Tlic  ornamental  character  irf' 
the  arobiteclure  at  Caernarvon  and  Conway  is  rather  ecclesiastical,  or  conventual,  than 
military.      At   Conway,  as  has  Iweii  well  observed  by  in  anonymous  aullior,  "  what  is 
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oiled  the  (^een'i  Oriel  i>  remukable  tor  I 


rounding  countrj  were  hoatile,  fresh 
Mr  might  be  Bafdy  enjoyed  ;  uul  the 
comnjuiding  viev  of  the  singularly 
beautilul  land«ape  sround,  from  iMih 
that  lilUe  herbary  or  garden,  and  the 
bay  windoT  ar  oriel,  Ii  so  managed  aa 
to  leave  no  doubt  of  it«  purpose." 

403.  The  model  of  Conway  Castle 
ha*  little  reKmbiuice  to  that  we  bave 
JuH  left.  It  resembles  rather  the 
fortressea  of  the  last  Greek  emperon, 
or  of  the  chieftains  of  tbe  north  of 
Italy. 


Mgl 


....  .  inng  from  each  I  and  machicolat 
luoed.  The  greater  part  of  (he  castlei  of  Wale) 
marches  were  built 
in  the  reign  oTEd'  I 
ward  I.  On  the  | 
subjugation  of  tbe  i 
fijniiereountry,ai]d  t 
its  partition  into  \ 
lordships  among  I 
Edoud's  follow-  k 
mapy    castles  \ 

"  "»Kmni  ■■I",      the  general  plan  of 
'eeted,  though  varying  in  dimensions 
and  situation,  according  to  tbe  means  of  defence  pro- 


r   tbeir   tu 
It  Caem 


d  Scotland  f.ir  tli 


high,  which  ii 
met  i  and  that  from  tl 
,  either  for 


nobility  or  feudal  'lords. 


howerer,  of  coune, 
parts,  seeording  to 


n  degree  of  mag- 
nifioence. 

404.   Caer-Phit- 

ly  Castle,  in  Gla- 

morganshire    (_/lg.  ^ 

"*'"■      ""•""'«•  19!.).  was  another 

of  tbe  catties  of  ais  period.    It  was  the  strong-hold 

tba  aeeoid  Edward.      Ita  •allationa  and  remains  are 

nat  Conwi 


405.   Tb* 


lofty  in 


proportion   t 


■e  sharply  (lancet)  pointed, « 


)  their 
.rehended    l 


ead  of  p. 


(rt/oii  or  cinquefbil  bfa3t(Jlg.  19a.)iii 
separating  columns  being  very  slender.  CaJmuii  on  wbicb 
the  arches  rest  (jSj.  199.)  are  ^ery  slender  in  proportion 
to  tbeir  height,  and  usually  conwsl  of  a  central  shaft  sur- 
rounded by  several  smaller  one*  ify.  194,).  The  base 
takes  the  general  form  of  the  cluster,  and  tbe  capital  (Jig. 
195.)  is  frequently  decorated  with  foliage  very  elegantly 
compwed.  The  miMlowi  are  long,  narrow,  and  lancet 
ibaped,  whence  some  writers  have  called  this  style  the 
Lanrtt  Gothic.  They  are  divided  by  one  plain  mullion. 
N 
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or  in  upper  tiers  by  two  at  most,  finished  at  the  top  with  some  simple  ornament,  as  a  losenge 
or  a  trefoil.  They  have  commonly  small  marble  shafts  on  each  side,  both  internally  and  ex- 
ternally ;  two,  three,  or  more  together  at  the  east  or  west  end,  and  tier  above  tier.  Hoofs 
are  high  pitched  and  the  ceilings  vaulted,  exhibiting  the  first  examples  of  arches  with  cross 
springers  only,  which  in  a  short  period  diverged  into  many  more,  rising  from  the  capitals  of 
the  columns,  and  almost  overspreading  the  whole  surfiue  of  the  vaulting.  The  longitudinal 
horixontal  line  which  reigned  along  the  apex  of  the  vault  was  decorated  with  bosses  of  flowers, 
figures,  and  other  fimcies.  WalU  much  reduced  in  thickness  from  those  of  the  preceding  pe- 
riod :  they  are,  however,  externally  strengthened  with  buttresses,  which,  as  it  were,  lean 
against  them  for  the  purpose  of  counteractmg  the  thrust  exerted  by  the  stone  vaults  which 
form  the  ceilings,  and  which  the  walls  and  piers  by  their  own  gravity  could  not  resist.  The 
buttresses  are  moreover  aided  in  their  office  by  the  pinnacles,  adorned  with  crockets  at  their 
angles,  and  crowned  with  finial  flowers,  by  which  they  are  surmounted.  J%e  ornaments  now 
become  numerous,  but  they  are  simple  and  elegant.  The  mouldings  are  not  so  much  varied 
as  in  the  Norman  style,  and  are  generally,  perhaps  universally,  formed  of  some  combination 
of  leaves  and  flowers,  used  not  only  in  the  circumference  of  arches,  especially  of  windows, 
but  the  columns  or  pilasters  are  completely  laid  down  with  them.  Trefoils,  quatrefoils, 
cinquefoils,  roses,  mullets,  bosses,  paterse,  &c.  in  the  spandrils,  or  above  the  keystones  of 
the  arches  and  elsewhere.  The  ornamental  pinnacles  on  shrines,  tombs,  &c.  are  extremely 
high  and  acute,  sometimes  with  and  sometimes  without  niches  under  them.  In  east  and 
west  fronts  the  niches  are  filled  with  statues  of  the  size  of  life  and  larger,  and  are 
crowned  with  trefoil,  &c.  heads,  or  extremely  acute  pediments,  formed  by  the  meeting  of 
two  stndffht  lines  instead  of  arcs.  All  these  ornaments  are  more  sparingly  introduced  mto 
large  entire  edifices  than  in  smaller  buildings  or  added  parts.  The  plans  are  generally 
similar  to  those  of  the  second  period ;  but  that  important  feature  the  tower  now  begins  to 
rise  to  a  great  height,  and  lanterns  and  lofty  spires  are  frequent  accompaniments  to  the 
structure.  It  will  naturally  occur  to  the  reader,  that  in  the  transition  from  the  second  to 
the  third  style,  the  architects  left  one  extreme  for  another,  though  it  has  been  contended 
that  the  latter  has  its  germ  in  the  former.  However  that  may  be,  the  period  of  which  we 
are  now  speaking  was  undoubtedly  the  parent  of  the  succeeding  styles,  and  that  by  no 
very  forced  or  unnatural  relationship. 

406.  The  principal  examples  of  the  early  English  style  in  the  cathedral  churches  of 
England  are  to  be  seen  at  Oxford,  in  the  chapter-house.  Lincoln,  in  the  nave  and  arches 
beyond  the  transept  York,  in  the  north  and  south  transept.  At  Durham,  in  the  additional 
transept.  fFdU,  the  tower  and  the  whole  western  front.  CcarlisiU,  the  choir.  Ely,  the 
presbytery.  Worossitr,  the  transept  and  choir.  Salisbury,  the  whole  cathedral ;  the  only 
unmixed  example.  At  Rochester,  the  choir  and  transept.  "  It  is  well  worthy  of  observa- 
tion," says  Mr.  Dallaway,  "  that  though  the  ground  plans  of  sacred  edifices  are,  generally 
kpesiking,  similar  and  systematic,  yet  in  no  single  instance  which  occurs  to  my  memory  do 
we  find  an  exact  and  unvaried  copy  of  any  building  which  preceded  it  in  any  part  of  the 
structure.     A  striking  analogy  or  resemblance  may  occur,  but  that  rarely.** 

407.  The  examples  of  conventual  architecture  of  this  period,  to  which  we  beg  to  refer 
the  reader,  are  those  of  Lanarcost,  in  Cumberland ;  Rivatdx,  Yorkshire ;  Westminster  Abbey, 
At  Fountains,  the  choir  and  east  end ;  Tinteme  Abbey,  in  Monmouthshire ;  Nedey,  Hamp- 
shire; Whitify,  in  Yorkshire;  VaUe  Crucis,  in  Denbighshire;  Ripon  Minster  and  the 
south  transept  of  Beverley  Minster,  in  Yorkshire ;  MUtmt.  Abbey,  Dorsetshire ;  pari  of  the 
nave  of  St,  Alban*s ;  Tinemoiutii  and  Brinhboum,  Northumberland ;  Vale  Royal,  in  Cheshire ; 
and  the  eastern  fa9ade  of  Howden,  in  Yorkshire. 

408.  Among  the  examples  of  parochial  churches  in  this  style  are  Grantham,  in  Lincoln- 
shire, whose  tower  is  180  ft.  high  ;  Attelborough,  in  Norfolk  ;  Higham  Ferrars,  in  North- 
amptonshire; St  IiRchad,  Coventry  ;  Trvro,  in  Cornwall;  Witney,  in  Oxfordshire;  Strat- 
ford upon  Avon,  in  Warwickshire;  <Sf.  Peter  Maneroft,  Norwich;  Boston,  Lincolnshire, 
remarkable  for  its  lantern  tower  rising  S63  ft.  from  the  ground,  and  perhaps  almost 
belonging  to  the  succeeding  period ;  St.  Mary,  Edmund's  Bury,  Suffi>lk ;  Maidstone,  in 
Kent ;  and  Ludlow,  in  Shropshire. 


Skct.  IV. 
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409.  The  fourth  period  in  the  architecture  of  Britiun  is  that  which  Mr.  Millers  calls  the 
Ornamented  English  Style,  which  begins  about  ISOO  and  lasts  till  1460,  and  comprises, 
therefore,  the  latter  portion  of  the  reign  of  Edward  I.,  and  the  reigns  of  Eklward  II., 
Edward  III.,  Richard  IL,  Henry  IV.,  Henry  V.,  and  Henry  VI. 

410.  This  aera  has  by  Dallaway  and  others  been  subdivided  into  two  parts,  vis.  first 
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from  1900  to  140O,  which  they  call  that  of  the  Transition  Style  or  pure  Gothic,  and  from 
1400  to  146(\  called  the  Decorated  Gothic ;  but  the  change  between  the  latest  examples 
of  the  fint  and  the  earliest  of  the  last  js  marked  by  such  nice  and  almost  imperceptible 
distinctions,  that  it  is  next  to  impossible  to  mark  their  boundwies  with  precision  ;  and  we 
have  therefore  preferred  adhering,  as  we  have  in  the  other  ages  of  the  art,  to  the  arrange- 
mfent  adopted  by  Mr.  Millers.  In  the  early  part  of  the  period  the  change,  or  rather  pro- 
gress,  was  extremely  slow,  and  marked  by  little  variation,  and,  indeed,  until  1400,  the 
style  can  scarcely  be  said  to  have  been  perfected ;  but  after  that  time,  it  rapidly  attained  all 
the  improvement  whereof  it  was  susceptible,  and  so  proceeded  till  about  1460;  after 
which,  as  we  shall  hereafter  see,  it  assumed  an  exuberance  of  ornament,  beyond  which  as 
it  was  imiMMBible  to  advance,  it  was  in  a  predicament  from  which  no  change  could  be' 
eflEected  but  by  its  total  abandonment. 

411.  Notwithstanding  the  wars  of  the  rival  houses  of  York  and  Lancaster,  which  occu- 
pied a  considerable  portion  of  the  interval  whereof  we  are  speaking,  and  deluged,  as  the 
reader  will  reeoUect,  our  land  with  the  blood  of  the  bravest  of  men,  the  art  did  not  appear 
to  suffler ;  a  circumstance  apparently  extraordinary,  but  satisfiustorily  accounted  for  by  the 
seal  of  both  the  contending  parties  for  the  religion  they  in  comjnon  professed.  True  it  u 
that  the  taste  Ibr  founding  and  buildiuff  monasteries  and  churches  was  not  so  universal  as 
in  the  period  last  described ;  the  dechne,  however,  of  that  taste  might  in  some  measure 
have  arisen  not  only  from  the  unhappy  state  of  the  country  just  alluded  to,  but  also  from 
the  doubts  raised  in  the  minds  of  many  persons  of  all  ranks  by  WicklifTe  and  his  followers 
as  to  the  merit  attached  to  those  pious  and  expensive  works.  **  It  cannot,**  says  Henry, 
"  he  denied  that  the  style  of  sacred  architecture  commonly  called  Gothic  continued  to  be 
greatly  improved,  and  in  the  course  of  this  period  was  brought  to  the  highest  perfection.** 
To  account  in  some  measure  for  this,  it  must  be  recollected  that  during  the  civil  wars  the 
superior  eoclesiastics  were  confined  to  their  cloisters,  as  few  of  them  lutd  taken  an  active 
part  in  the  dispute  which  agitated  the  realm ;  and,  indeed,  some  of  the  finest  structures  now 
remaining  were  reared  irom  the  accumulation  of  wealth  amassed  by  instigating  the  noble 
and  affluent  to  contribute  to  churches  built  under  their  own  inspection.  The  choir  at 
Gloucester,  a  most  beautiful  example,  was  completed  during  these  turbulent  times  by 
Abbot  Sebroke^  together  with  the  arcade  that  supports  the  magnificent  tower  of  that 
catliedxal. 

418.  During  this  period  the  efforts  of  painting  and  sculpture  were  superadded  to  those 
of  andiitecture ;  and  to  these  must  be  joined  the  enchanting  effects  produced  by  expanded 
windows  glowing  vrith  the  richest  colours  that  stained  glass  could  bestow  on  them.  To 
enter  into  a  history  of  the  rise,  progress,  and  perfection  of  this  art,  would  here  be  out  of 
place.  A  separate  work  would  be  required  to  trace  it  from  its  introduction  in  this  country 
as  connected  with  our  art  in  the  reign  of  Henry  III.,  to  that  point  when  it  reached  its 
senith  in  the  fifteenth  century.  Dallaway  observes,  with  much  truth,  that  it  is  a  vulgar 
error  to  suppose  the  art  was  ever  lost,  inasmuch  as  we  had  eminent  professors  of  it  in  the 
reign  of  Charles  I. 

413.  In  military  architecture,  firom  the  reign  of  Edward  III.  to  the  close  of  the  con- 
tention between  the  houses  of  York  and  Lancaster,  many  improvements  were  effected. 
Within  that  period  a  great  number  of  the  castellated  edifices  of  which  the  country  could 
boast  were  erected  or  renewed.     Their  style  is  nurked  by  turrets  and  hanging  galleries 
over  the  salient  angles  and  gateways,  of  great  variety  in  design.     In  the  fortress  at  Ara- 
berley,  in  Sussex,  built  by  William  Rede,  Bishop  of  Chichester,  about  1370,  and  one  of 
the  ablest  geometricians  of  the  age,  the  ground  plan  is  nearly  a  parallelogram  with  four 
large  towers  at  the  angles,  not  projecting  externally,  but  inserted  into  the  side  walls.     Of 
this  anm  is  alsoi  at  Swansea  Castle,  the  lofty  perforated  parapet  or  arcade,  through  which 
the  water  was  conveyed  from   the  roo£      Upon  this  plan  Henry  Gower,  Bishop  of 
St  David's,  in  1SS5,  improved,  in  his  magnificent  castellated  palace  at  Llanphey  Court 

414.  F^om  the  circumstance  of  the  circuit  of  many  of  the  castles  encompassing  several 
acres  of  ground,  the  base  court  was  proportionably  spacious ;  hence  the  halls  and  other 
state  apartments  were  lighted  by  windows,  smaller,  but  similar  in  form,  to  those  used  in 
churches.  Hie  rest  of  the  apartments  were  unavoidably  incommodious,  defence  being  the 
chief  eonnderation.  In  the  castles  and  palaces  of  the  period,  the  haUg,  which  formed  a 
principal  feature  in  them,  require  some  notice.  The  earliest  whereof  mention  is  made  was 
that  built  by  WiUiam  Ruftis  in  his  palace  at  Westminster.  Hugh  Lupus  erected  one  at 
Chester,  and  one  was  executed  for  Robert  Consul  at  Bristol.  Others  we  find  erected  by 
Henry  L  at  Woodstock  and  Beaumont  in  Oxford ;  probably  of  rude  construction,  and 
divided  into  two  aisles  by  piers  of  arcades  or  timber  posts.  In  the  following  century, 
when  castlA  began  to  be  constantly  inhabited,  and  space  became  requisite  for  holding  the 
numerous  feudal  dependents  on  various  occasions,  the  sixe  of  the  hall  was  of  course  in- 
creased, and  internal  architecture  and  diaracteristic  ornaments  were  applied  to  it  At  the 
upper  end,  where  the  high  table  was  placed,  the  floor  was  elevated,  forming  a  kaut  pas  or 
disii,  a  little  above  the  general  level  of  the  floor.    The  example  afforded  by  Edward  III.  at 
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Windsor  was  followed  daring  his  own  and  the  succeeding  reign.  The  halls  of  Westminster 
and  Eltham  were  rebuilt  by  Richard  II. ;  Kenilworth  by  John  of  Gaunt ;  Dartington,  in 
Devonshire,  by  Holland  Duke  of  Exeter.  Crosby  Hall,  in  London,  was  finished  by  the 
Duke  of  Gloucester,  afterwards  Richard  III.  We  here  subjoin  the  dimensions  of  some 
of  the  principal  halls  in  castles  and  palaces  before  the  end  of  the  fifteenth  century,  ranged 
in  order  of  their  size :  — 

Westminster  (1397)  ... 

Durham  Castle  .... 

Conway  (roof  liud  on  stone  ribs) 
Bristol  (divided  by  upright  beams  of  timber) 
Windsor  (ancient)     .  .  .  - 

Eltham  (1386)  .... 

Chester         .  .  .  -  - 

Kenilworth  (1300) 

Raby  .  .  .  -  . 

Lumley         -     '       - 

Swansea        -  -  -  -  - 

Castle  Hall,  Leicester  ... 

Spofforth  ..... 
Dartin^ton(1476)  .... 
Caerphilly  ..... 
Crosby  Place  .  -  .  - 

Goodrich       .  .  .  .  - 

Warwick  ..... 
Second  one  at  Swansea  ... 

Berkeley       .  .  -  .  - 

415.  Generally,  in  respect  of  plan,  the  internal  arrangement  of  these  halls  was  very 
similar.  The  high  table,  as  we  have  observed,  was  elevateid  on  a  platform  above  the  level 
of  the  floor,  and  was  reserved  for  the  lord  and  his  fitmily,  with  the  superior  guests.  Round 
the  walls  separate  tables  and  benches  were  distributed  for  the  oflScers  of  the  household  and 
dependents.  The  centre  was  occupied  by  the  great  open  fire-place,  directly  over  which 
in  the  roof  was  placed  a  turret,  denominated  a  louvre,  for  conveying  away  the  smoke.  At 
Bolton  Castle  we  find  the  chimneys  in  the  walls ;  but,  perhaps,  those  at  Conway  and 
Kenilworth  are  earlier  proof  of  the  alteration,  llie  roofr  with  which  some  of  these  halls 
are  spanned  exhibit  mechanical  and  artistic  skill  of  the  first  order.  The  thrust,  by  the 
simplest  means,  is  thrown  comparatively  low  down  in  the  best  examples,  so  as  to  lessen 
the  horizontal  effect  against  the  wall^  and  thus  dispense  with  considerable  solidity  in 
the  buttresses.  Fig,  1 96.  is  a  section  of  the  celebrated  Hall  of  Westminster,  by  which 
our  observation  will  be  better  understood.  These  roofs  were  fiamed  of  oak  or  ches- 
nut.  Whether,  when  of  the  latter,  it  was  imported  firom  Portugal  and  Castile,  is  a 
question  that  has  been  discussed,  but  not  determined,  by  antiquaries.  Large  stone  corbels 
and  projecting  consoles  were  attached  to  the  side  walls,  and  were  disposed  in  bays  called 
Mpereys  between  each  window.  Upon  their  ends,  demi-angels  were  generally  carved, 
clasping  a  large  esoochion  to  their  breasts.  Near  to  the  high  table,  a  projecting  or  bay 
window,  termed  an  arid,  was  introduced.  It  was  ftiUy  glazed,  finequently  containing 
stained  glass  of  the  arms  of  the  family  and  its  alliances.  Here  was  the  standing  cupboard 
which  contained  the  plain  and  parcel-gilt  plate.  The  rere-<fot  was  a  sort  of  framed  canopy 
hung  with  tapestry,  and  fixed  behind  the  sovereign  or  chiefUun.  The  walls  were  generally 
lined  to  about  a  third  of  their  height  with  panelled  oak  or  strained  suits  of  tapestry.  It 
was  during  this  aera  that  privy  chambers,  parlours,  and  bowers  found  their  way  into  the 
castle.  A4joining  to,  or  nearly  connected  with  the  hall,  a  spacious  room,  generally  with  a 
bay  vrindow,  looking  on  to  the  quadrangle,  was  planned  as  a  receiving-room  for  the  guests, 
as  well  before  dinner  as  after.  This  was  decorated  vrith  the  richest  tapestry  and  cushions 
embroidered  by  the  ladies,  and  was  distinguished  by  the  name  of  the  presence  or  privy- 
chcunber.  The  females  of  the  fiunily  had  another  similar  apartment,  in  which  their  time 
was  passed  in  domestic  occupations  and  amusements.  Tliis  last  room  was  called  my  Iady*a 
bower  or  paHow,  and  here  she  received  her  visitors.  Bay  windows  were  never  used  in 
outer  walls,  and  seldom  others,  excepting  those  of  the  narrowest  shiq>e. 

41 6.  The  dawn  of  improvement  in  our  domestic  architecture  opened  in  the  latter  part  of 
the  period,  during  which  also  brick  came  very  much  into  use  in  England  as  a  building  material. 
"  Michael  de  la  Pole,*'  as  we  learn  from  Leland's  Itinerary,  **  marchant  of  Hull,  came  into 
such  high  &vour  with  King  Richard  II.  that  he  got  many  privileges  for  the  towne.  And 
in  hys  tyme  the  toune  was  wonderfully  augmented  yn  building,  and  was  enclosyd  with 
ditches,  and  the  waul  begun ;  and  in  continuance  endid,  and  made  all  of  brike,  as  most 
part  of  the  houses  at  that  time  was.     In  the  waul  be  four  principal  gates  of  brike."    After 
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eaumefating  twent^-HTe  toircr*,  "  M.  de  )■  Pole,"  we  Bud  from  Leland,  "  buildid  ■  goodll* 
hoiue  or  bnke,  agaiiut  the  west  end  of  St.  Marye'*  ehuTcbe,  l;ke  ■  palmce,  witb  goodlji 
oRhirde  uid  gardeu  st  Urge,  ■]»  three  houan  beaidei,  etery  on  of  vhich  hath  ■  tower  i^ 
brik."  (An.  ToL  L  p.  JT. )  lliu  wu  the  first  instance  of  to  large  on  applicition  of  brick 
in  EDgUnd. 

417.  One  of  the  most  importuit  parts  of  the  cmstle  wu  the  great  g«te«i;  of  entrance, 
in  irtiich  were  combined,  at  the  same  time,  the  chief  elements  of  architectunJ  beauty  and 
tnUitai;  defence.  It  usuiHy  occupied  the  central  part  of  the  screen  wall,  which  had  the 
aspect  wheDce  the  caitle  could  be  most  contenienlly  approached.  Two  or  more  lofty  towers 
tanked  either  nde,  the  whole  being  deeply  corbelled ;  a  mode  of  building  brought  by  the 
Araba  iiilo  Europe,  and  afterwards  adopted  by  tbe  Lombardi  and  Normana  The  corbel 
is  a  projecting  stone,  the  back  part  whereof,  which  liee  bl  the  wall,  being  balanced  by  the 
niperinimmlient  man,  It  i>  capable  of  supporting  ■  parapet  projecting  beyond  the  &ce  of  the 
wall  rising  from  the  horiionul  course  lud  immediately  on  the  corbels,  between  which  tbe 
aud  boriiontal  course  wu  pierced  Ibr  the  purpote  of  enabling  the  teueged  to  drop  mi«iles 
oc  molten  metal  on  the  hcadi  of  the  aasailanla.  The  corbel  i>  often  carved  with  the  head 
of  a  giant  or  monger,  which  thus  seems  attached  to  the  walli.  In  John  of  Gaunt's  entrance 
gateway  at  Lancaster,  tbe  arch  is  defended  by  oierhanging  corbels  witb  pierced  apertures 
between  them,  and  on  either  ude  are  two  light  watcb-towen  crested  with  battlements. 

418.  Of  the  military  architecture  of  this  time,  a  perfect  idea  may  be  obtained  from 
tbe  two  remarkable  towers  of  Warwick  Caitle  {fy.  197.),  which  were  erected  (in 
1395)  by  Thomas  de  Beauchimp  Earl  of  Warwick.  The  taller  one  riieg  105  ft.  abore 
ita  base,  and  is  38  ft.  diameter,  haTing  Ave  stories,  which  are  separated  from  each  other 
by  grmned  ceilings.  In  the  interior,  tbe  walla  of  the  state  chamber)  were  painted ;  a  prao- 
tiee  introduced  into  England  in  the  beginning  of  the  thkteentb  century  ;  and  they  were 


HISTORY  OF  ARCHITECTUUE. 


of  the  bmoui  Gu;  Eul  of 
Wwwick. 

41 9.  The  period  ofwbKh 
we  ue  treating  ww  u  ce- 
lebrated lor  it*  bridge  •• 
tit  iu  military  aiebitectun, 
"•■ '""  ■•»■«■  ctmM.  lyij  eibibiti  u  one  of  iti 

eiuDple*  that  bined  curiout  j  the  triangularl;  formed  bridge  of  Croyland  in  Lineolmbire, 
erected  over  the  eoafluenoe  of  three  ttrtuni.      Bridge  architecture  mu  in  many  imtaoee* 

.      .  to  DPCCHarity  oannealed  vitb  the  coutructioD    of 

a  fbrtrera,  that  it  ma;  alRHMt,  in  thii  age,  be  taken 
u  a  branch  of  milituj  architeiiturg. 

420.  Thii  itjle  eibibita  ^reJU,  loa  acute  and 
more  open  (Jtg.  I9S.  from  York  Hiniter),  the 
fbmu  var jing.  Cohuuit.  —  The  ocntral  and  de- 
tached ihaftl  DOW  worked  together  into  one,  fiwn 
eiperieooe  of  the  weaknen  of  thoac  of  die  pre- 
Tioua  ttjle,  exceedingly  laiious  in  Ibeir  oomlnna- 
tioD*.  The  Witutom  are  larger,  dirlded  by  mul- 
i  lighli  ipreading  and  dividing  at 


,  flawen,  fluu,  wheeli,  a 
mdleiB  Tariety.      Theee  mark*  ate  c 


itant,  but  in  the  proportionate  breadth  there  U  raucb 
riatiun,  for  afler  baTing  eipaoded  in  the  reigna 
of  Edwaid  I.  and  II.,  tbey  grew  narrower  (gain  in 
proportion  to  their  height  in  that  of  Edwani  III. 
and  alio  abarpeT.  Tlw  head  wu  then  fbniKd  <rf' lioet 
jumt  perceptibly  curred,  aometimea  cTen  by  two 
'  raight  line«,  lometimes  jiiat  curred  a  little  above 
the  hflunchea,  and  then  rectilinear  to  the  ^>ex. 
Eastern  and  wcBtem  windowi  very  lofty  and  ample, 
and  iplendidly  decorated  with  painted  gtaaa.  Roif 
or  CtUing.  —  The  vaulting  more  decorated.  The 
principal  rib*  aprcad  from  their  impoMi  running 
orer  the  laull  like  tracery,  or  rather  with  tranaoma 
diiided  into  many  angular  eompartmentt,  and  orna- 
mented at  the  angles  with  htsda,  ottM,  hiMorieal  or 
luendary  pieturea,  &c.,  elaborately  coloured  and 
guded.  OntamentM.  —  More  varioua  and  laboured, 
but  not  BO  elegant  and  gracefiil  in  character,  aa 
in  the  preceding  ilyle.  Nichei  and  Ubemacles  with  itatues  in  great  abundance.  Tiera 
of  small  onuuncnial  aichei  are  frequenL  The  pinoaclei  are  neither  u  lofty  nor  tapering, 
but  are  more  richly  decorated  with  leaves,  crockets,  &e.  Sculpture  ii  inbeduced  in  much 
proftiuon,  and  ii  Irequently  painted  and  gilt.  Screens,  stajli,  diMr%  pannelled  ceilingi, 
and  other  ornaments,  in  carved  and  painted  wood- 

431.  Tie  principal  eiamplea  of  the  ornamented  English  style  in  cathedral  chuiches.  are 
at  Extitr^  the  nave  and  chair.  Lichji^d,  unifbnnly.  At  IJiuoIm,  the  additiona  to  the 
central  tower.  At  Ifortatir,  the  nave,  ybrli,  nave,  choir,  and  western  front.  At  Canltr- 
bmy,  transept.  At  Gioueattrt  transept  and  cloisten  begun.  Nonetch,  the  spire  and  tower. 
Sa^bitryt  spire  and  additions.  Brtatal,  the  nave  and  choir.  Chichater,  the  spire  and  choir. 
kly.  Our  Lady's  Chapel  and  the  central  louvre.  Htrtford,  the  chaplei-house  and  cloisters, 
now  deslroje^C  In  the  later  part  of  the  period,  the  choir  at  Gltmtattr ;  the  nave  at  Cai«- 
ttr^ry  Bishop  Beekington's  additions  at  fTeJ^  and  &om  the  upper  tranaept  to  the  great 
east  window  at  I^inajn.  In  conventual  churches,  for  the  earlier  part  of  the  period,  the 
western  Etfade  of  Rmtdeu  (IS3a),  Chapil  of  Mirtm  CaUegt,  Oxford.  Gitbonu  Priory, 
Yorkshire.  ddjMf  al  Nae  CcUigi,  Oxford.  St.  St^lm'i  Outptl,  Wstmintter.  He  ad- 
ditions "^  **^^  TuulimA.^..  .J  .k.  ..i.^:*  -t  v.'-x->^ji  v»-L.i.^-.  Otf  '  .  —  . 
KirUim 
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the  period,  at  Tewketbmy,  the  choir.  At  Efy  Cathednd,  St,  Mary*a  Chapel.  Cropland 
Jufode  in  lincolxishire.  Beverity  Mhuiitr  in  Yorkshire.  ChajMi  of  Magdalm  CoOtgt,  Oxford. 
Etom  CoUepe  Ckapel,  Bucks.  Chapel  on  the  Bndge  at  Wak^di  in  Yorkshire,  built  by 
Edward  I V.  in  memory  of  his  fiither  Edward  Duke  of  York ;  and  the  BeoMthamp  Chapel 
at  Warwick.  In  parochial  churches,  for  the  early  part  of  the  period,  examples  may  be 
referred  to  at  Gramthamt  Lincolnshire.  AtteXbonugh,  Norfolk.  Sigham  Ferrera,  North- 
amptonshire.  St.  Muhad,  Coventry.  Tntroy  ComwalL  Wttney,  Oxfordshire.  Strat/brd- 
tqMm'Amm,  Warwickshire.  St.  Peter  ManerofU  Norwich.  Baetont  Lincolnshire ;  its  re- 
markable lantern  tower,  which  is  262  ft.  high,  was  begun  in  1309,  and  was  in  progress 
of  execution  during  the  whole  reign  of  Edward  III.  The  expense  of  it  having  been 
chiefly  defrayed  by  the  merchants  of  the  Hanse  Towns.  SL  Mary,  Ednamdi  Bury,  Suflfblk. 
Maidatoiu,  Kent ;  and  Ludbnot  Salop.  For  the  later  part  of  the  period,  St.  Mary  Overy, 
Southwark.  Thaxted  and  Saffron  Walden,  Essex.  Lowth  and  Stamford,  Lincolnshire. 
Campden,  Gloucestershire.  St,  Mary  RedcUff  and  the  tower  of  St.  Stqphen,  BristoL 
DnaUon  and  Chttrton  Mendip,  Somersetshire.  Lavenham,  Sufiblk.  Manchester  College, 
SL  Mar^e^  Oxford.  Whittleeea,  Cambridgeshire.  WakeJiM,  Yorkshire.  Doneaater, 
Yorkshire.  Newarh-upon^  Trent,  Heckington,  Lincolnshire.  Mould  Greeford  and  Wrex~ 
ham  in  Flintshire.  MeUon  Mowbray,  Leicestershire.  Odanguktr  towere  of  St,  Murgarefe, 
Norwich,  and  AU  Sainte,  York. 


Sect.  V. 

FLOEIO    BNOUSH    0%  TODOR   STTLX. 

422.  **  There  is,"  as  Dr.  Henry  observes,  **  a  certain  perfection  in  art  to  which  human 
genius  may  aopire  with  success,  but  beyond  which,  it  is  the  apprehension  o€  many,  that 
improvement  degenerates  into  felse  taste  and  fentastic  refinement.  The  rude  simplicity  of 
Saxon  architecture  was  (ultinoately)  supplanted  by  the  magnificence  of  the  ornamental 
Gothic ;  but  magnificence  itself  is  at  last  exhausteo,  and  it  terminated  during  the  present 
period  in  a: style,  which  some,  with  an  allusion  to  literature,  denominate  *the  Florid.*  It 
is  a  style  censurable  as  too  ornamental,  departing  from  the  grandeur  peculiar  to  the  Gothic, 
without  acquiring  proportional  elesance ;  yet  its  intricate  and  redundant  decorations  are 
well  calculated  to  rivet  the  eye,  and  amaze,  perhaps  bewilder,  the  mind.**  The  period  of 
the  style  is  from  1460,  to  the  dissolution  of  the  religious  houses  in  1537,  and  comprehends^ 
therefore,  the  reigns  of  Edward  IV.  and  V.,  Richard  IIL,  Henrys  VIL  and  VIIL 

423.  The  ecclesiastical  buildings  of  this  sera  are  few.  Somersetshire,  a  county  devoted 
to  the  cause  of  the  House  of  Lancaster,  from  the  gratitude  or  policy  of  Henry  VIL,  boasts 
perhaps  more  churches  than  any  other  county  in  the  florid  style ;  still  they  are  very  few, 
and  the  superb  chapel  which  that  monarch  erected  at  Westminster  is  the  best  specimen 
that  can  be  adduced  for^ving  the  reader  a  proper  and  correct  idea  of  the  Florid  or  Tudor 
style.  There  is  doubtless  an  abundance  of  examples  in  oratories,  porches,  and  small 
chapels,  sepulchral  saoella  and  the  like ;  but  beyond  them  we  could  cite  very  few  entire 
sacred  buildings ;  and  those  will  be  hereafter  appended  to  this  section  as  in  the  preceding 
ones.  In  civil,  or  rather  domestic  architecture,  the  case  was  &r  different :  a  very  great 
change  took  place ;  and  we  shall  endeavour  to  place  a  succinct  account  of  it  from  the  Rev. 
Mr.  Da]laway*s  work,  to  which  we  have  already  been  much  indebted.  The  fifteenth  cen- 
tury  exhibits  to  us  a  number  of  vast  mansions  of  the  noble  and  opulent,  wherein  the  chap 
raeteristie  style  of  the  immediately  preceding  castles  was  not  entirely  abandoned,  but 
superseded  and  mixed  up  with  a  new  and  peculiar  one.  Hie  household  books  of  the 
nobility  which  have  come  to  our  knowledge,  indicate  a  multitudinous  set  of  servants  and 
retainers,  for  the  reception  of  whom  a  great  area  of  ground  must  have  been  covered,  and  in 
which  provision,  by  the  number  of  apartments,  was  made  for  a  noble  display  of  hospitality. 
This  circumstance,  of  course,  induced  a  gorgeous  style  peculiar  to  the  earlier  Tudor  sera,  of 
most  of  whose  splendid  mansions  no  memorial  now  exists  but  in  the  records  of  the  times. 
But  for  the  purpose  of  bringing  a  view  of  the  whole  subject  under  the  eye  of  the  reader,  a 
brief  recapitulatian  will  here  be  necessary.  The  first  palace  of  the  Norman  kings  was  the 
Tower  of  London,  which  was  a  strictly  military  residence.  At  Westminster  was  a  palace 
of  William  Rufiis,  to  whom  Westminster  Hall  owes  its  original  foundation.  At  Oxford 
a  palace  was  built  by  Henry  I.,  and  at  that  place  he  kept  his  Christmas  in  1 1 15,  as  in 
1229  and  1267  Henry  III.  did  in  the  vicinity  at  Woodstock.  It  was  at  this  place  that 
Henry  IL  built  a  house  of  retirement,  which  hasftirnished  the  subject  of  some  well-known 
legends.  Henry  III.  is  said  to  have  refounded  the  palace  at  Westminster,  which  was 
much  enlarged  by  Edward  III.  This,  from  the  time  of  Ruftis,  its  founder,  to  the  reign  of 
Richard  IL,  to  whom  it  owed  its  completion  in  the  state  apartments,  with  its  magnificent 
hall  and  bgou  of  a  chapel  (St  Stephen's),  had  attained  a  greater  extent  than  any  contem- 
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porary  palace  in  Europe.  Edward  III.,  besides  erecting  his  suburban  palace  at  Kennington, 
had  re-edified  and  greatly  extended  Windsor  Castle  as  a  habitable  fortification.  Henry  IV. 
inherited  John  of  Gaunt's  castle  of  Kenilworth  and  the  Savoy  in  London,  to  both  of  which 
he  made  great  additions.  His  gallant  and  victorious  son  was  too  much  occupied  with  his 
military  affairs  to  pay  much  attention  to  such  matters ;  but  many  of  his  commanders,  by 
the  exorbitant  ransoms  they  exacted  of  their  French  prisoners,  were  enabled  to  construct 
mansions  of  vast  extent  in  those  counties  where  their  revenues  commanded  influence.  Of 
these,  as  signal  examples,  may  be  cited  Hampton  Court  in  Herefordshire  by  Sir  Rowland 
Lenthal ;  and  Ampthill,  Bedfordshire,  by  Sir  John  Comwal  Lord  Tanhope.  At  Greenwich, 
a  palace  of  great  beauty,  in  the  early  part  of  the  reign  of  Henry  VI.,  was  built  by  the 
regent  Humphrey  Duke  of  Gloucester,  which,  from  its  superiority  over  others,  was  by  its 
founder  called  HacenHa  or  Plaisance.  This  was  completed  by  Edward  IV.,  and  is  now 
remembered  as  the  birthplace  of  Queen  Elizabeth.  The  Lord  Treasurer  Cromwell 
expended  a  large  sum  on  his  residence  at  Tattershall  in  Lincolnshire,  and  at  Wingfield 
Manor  in  Derbyshire,  as  did  Lord  Say  and  Sele,  and  Lord  Boteler,  respectively,  at  Sudley 
in  Gloucestershire,  and  Hurstmonceaux  in  Sussex,  all  of  which  are  now  either  destroyed 
or  only  in  ruins.  Additions  were  made  by  Edward  IV.  to  Nottingham  Castle,  and  by  his 
brother  Richard  III.  to  Warwick  Castle  and  that  of  Middleburg  in  Yorkshire. 

424.  Upon  the  establishment  of  the  Tudor  dynasty,  Henry  VII.,  on  the  ruins  of  a 
former  palace  at  Shene  in  Surrey,  which  afier  the  repairs  he  bestowed  upon  it  was  destroyed 
by  fire,  built  a  palace,  whereto  he  gave  the  name  of  Biehmond,  in  allusion  to  his  former 
title,  a  name  which  was  afterwards  given  to  the  beautiful  town  on  the  Huunes,  in  its 
vicinity.  The  dimensions  of  the  state  apartments  in  this  splendid  building,  whereof  not  a 
vestige  now  remains,  are  to  be  found  in  the  Survey  of  1649,  when  it  was  offered  for  sale  by  the 
Commissioners  of  Parliament.  They  abounded  with  bay  windows  of  capricious  formation, 
with  rectangular  and  semicircular  projections,  producing  a  picturesque  effect ;  and  to  add 
to  its  fantastic  appearance,  there  were  many  octangular  towers,  surmounted  with  cupolas  of 
the  same  plan,  whose  mitres  as  they  rose  were  fringed  with  rich  crockets.  They  were 
bulbous  in  their  general  form,  thus  bearing  a  resemblance  in  contour  to  the  royal  crown  of 
the  period. 

425.  The  Tudor  style,  in  domestic  architecture,  is  thus  divided  by  Mr.  Dallaway.  **  I . 
That  just  alluded  to  ;  2.  The  variations  under  Henry  VIII.  ;  3.  The  Elizabethan  style** 
(which  will  form  a  separate  section),  *'  as  it  admitted  of  Italian  ornament  in  the  designs 
of  John  of  Padua  and  his  followers,  until  the  time  of  Inigo  Jones. 

426.  The  reign  of  Henry  VIII.  supplies  numberless  instances  of  the  gorgeous  expense 
to  which  the  nihility  and  gentry  proceeded  in  the  productions  of  our  art.  The  example 
set  by  the  monarch  himself  was  witnessed  in  no  less  than  two  royal  mansions,  each  large 
enough  to  contain  his  numerous  retinue.  The  following  are  the  palaces  that  were  built 
or  repaired  by  Henry  VIII.  :  — 

1.  Beaulleu,  or  NewhsU,  Eimx. 

9.  Huotdon,  Herts,  originally  built  by  Sir  John  Oldhsll,  temp.  Bdw.  IV 

3.  Ampthill,  Bedfordshire.  « 

4.  Noniuch,  Surrey. 

5.  York  Place,  Whitehall,  Wettmlnster. 

6.  Briflewell  and  Blackft-iart,  London,  for  the  reception  of  the  emperor  Charles  V. 

7.  St.  James*!,  Weitminiter. 

8.  Kimbolton,  Huntinffdonshlre,  ttie  Jointure  of  the  divorced  Queen  Catharine  of  Arrason. 

9.  Sheriff  Hutton,  Yorkshire,  given  for  the  residence  of  Henry  Duke  of  Richmond,  the  lung's 

natural  son. 
10.  King's  Langley,  Herts. 

It  was  natural  tiiat  the  courtiers  of  such  a  monarch  should  vie  with  each  other  in  erects 
ing  sumptuous  houses  in  the  provinces  where  they  were  seated.  Wolsey,  besides  the 
progress  he  had  made,  at  the  time  of  his  fall,  in  his  colleges  at  Christchuroh,  Oxford,  and 
Ipswich,  had  completed  Hampton  Court,  and  rebuilt  the  episcopal  rendences  of  York 
House  (afterwards  Whitehall),  and  Esher  in  Surrey.  Edward  Stafford,  Duke  of  Buck- 
ingham, in  his  palace  at  Thombury,  Gloucestershire,  almost  rivalled  the  cardinal,  and 
perhaps  might  have  done  so  entirely  if  he  had  not  been  hurried  to  the  scaffold  before  his 
mansion  was  completed.  Grimsthorpe,  in  Lincolnshire,  rose  under  the  orders  of  the  Duke 
of  Suffolk  (Charles  Brandon).  The  Duke  of  Norfolk  and  his  accomplished  scm,  the  Earl 
of  Surrey,  were,  as  appears  from  the  descriptions  of  Kenninghall,  Norfolk,  and  Mount 
Surrey,  near  Norwich,  magnificent  in  the  mansions  they  required  for  their  occupation.  We 
shall  merely  add  the  following  list  (which  might,  if  it  were  necessary,  be  much  augmented) 
of  some  other  mansions  of  note.  They  are  —  I .  Haddon  Hall,  Derbyshire.  S.  Cow- 
dray,  Sussex,  destroyed  by  fire  in  1793.  3.  Hewer  Castle,  Kent.  4.  Gosfield  Hall, 
Essex,  perfect.  5.  Hengreave  Hall,  Suffolk,  perfect,  and  whereof  a  beautiful  work  has 
been  published  by  John  Gage,  Esq.  (now  Rookwode),  a  descendant  of  its  ancient  possessors. 
6.  Layer  Mamey,  Essex,  now  in  ruins.  7.  Raglan  Castle,  Monmouthshire,  in  ruins. 
8.  Hunsdon  House,  Herts,  rebuilt  9.  South  Wingfield,  Derbyshire,  dilapidated. 
10.   Hill  Hall,  Essex,  built  by  Sir  Thomas  Smyth,  in  1542.     11.  Wolterton  (see^^.  199.) 
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437.  In  ■  very  curioui  tnct,  entitled,  ••  A  Dyetorie  or  Regironit  of  Hemlth,"  bj 
Andrew  Boorde,  of  Phjnke  Doctor,  8n>.,  flurt  printed  in  1547,  the  IbUowing  directioni 
ire  giveo  boir  ■  man  ihould  build  hii  hoiue  or  muuian  ;  from  which  it  ippean  that  there 
were  certain  leading  poinU  fbr  the  guidance  of  the  architect,  Ibunded,  of  coune,  thej  were 
on  the  habit*  of  the  time.  "  Make,"  hji  our  friend  Andrew,  -  the  hall  of  auch  fiuhion 
llixl  the  parlor  be  annexed  to  the  heall  of  the  ball,  and  the  buttyre  and  pintrjE  M  the  lower 
«M^  thereof ;  the  cellar  under  the  pantrje  lett  lomewhat  at  a  base  ^  the  kechyn  sett  Bome- 
vhal  at  a  bate  from  the  buttrje  and  pantije  ;  coming  with  an  entrie  within,  by  the  wall 
of  the  buttrie ;  the  paitrie  bouK  and  the  larder  anneied  to  the  kechyn.  Then  diryde  the 
loggingea  by  the  circuit  of  the  tiuadriTial  courte,  and  let  the  gatehouse  be  opposite,  or 
■gainst  the  hall  doorei  not  directly,  but  the  hall  doore  standyng  abase  of  tbe  gatehouse,  in 
tbe  middle  of  tbe  front  enteringe  inlu  the  place.  Let  the  prerye  chamber  be  anneied  to 
the  great  chamber  of  estate,  with  other  chambers  necessary  for  the  buildinge;  so  that 
DlBny  of  the  chamber*  may  haTe  a  proipecte  into  the  chapell."  Some  of  the  principal  io- 
DontiiHU  In  the  euly  Tudor  style,  were  the  introduction  of  gatehouse^  bay  windows,  and 
quadrangular  areas,  matten  rather  incompatible  with  buildings  constructed  for  defence.  The 
materials  of  these  palaces  and  maonons  were  of  ftvestone  and  brick,  according  to  the  facility 
with  which  bvm  tbe  utuation  tbn  could  be  procured.  Somelimn,  indeed  often,  these 
materials  were  mixed.  Moulded  brickwork  and  terra  cMta  were  introduced  fbr  ornamental 
parts  by  Trerigi  and  Holbein  towards  the  end  of  the  period,  or,  perhaps  strictly  speaking, 
at  tbe  end  of  it.  Hie  brickwork  was  occasionally  plastered  and  pointed  as  at  Nonmcb. 
~  *  T  Mamey  and  other  places,  brirka  of  two  colours  highly  glaied  were  uaed  for 
ing  the  surface,  aod  were  formed  into  loienges.  The  chimney  shafts  seem  to  hafo 
eibauated  indention  in  the  twisted  and  diapered  pattetns  into  which  they  were  vtougbt,  and 
decorated  with  beads  and  capitals  and  ct^niiaDCes  of  the  founders.  The  gateways  were 
promjnenl  feature*  in  these  edifices,  and  the  most  expenuie  oniamenla  were  Unshed  on 
them.  Tliat  at  Wbitehafl,  designed  by  Holbein,  was  constructed  with  differently  eoloured 
glased  bricks,  orer  which  were  appotded  fbur  large  circular  medallions  of  busts,  still 
preeerred  at  HatDeld  Peveril,  Metts.  This  gateway  contained  seTeral  apartments,  among 
which  not  tbe  least  remarkable  was  the  study  wherein  Holbein  chiefly  receiied  his  utters. 
Tbe  gateways  at  Hampton  Court  and  Woolterton  were  rery  similar  to  this. 

A28.  We  will  here  digress  a  little  on  the  bay  window  which,  ■■  generally  understood, 
wai  titiTply  a  projecting  window  between  two  buttresses  (whence  its  name,  as  occupying  a 
bay  of  the  building),  and  almost  uniiersally  pUeed  at  the  end  of  the  room.  It  was  invented 
about  a  century  before  the  Tudor  age,  in  which  it  usually  consisted  on  the  plan  of  right 
angles  inteneeted  by  circles,  as  in  the  buildings  at  Windsor  by  Henry  VIII.,  and  at 
Thombury  Castle.  When  placed  at  the  end  of  a  great  hall,  it  extended  in  height  from  the  floor 
to  the  ceiling,  and  was  Tery  simple  and  regular  In  its  form.  In  a  MS.  at  the  Herald's  College 
relating  to  an  enlertiuDment  giren  at  Richmond  by  Henry  VII.,  tbe  Ibllawing  passage 
occur*,  and  may  be  taken  as  descriptiTe  of  one  of  the  purposes  to  which  it  was  applied. 
**  Agaynst  that  his  grace  bad  supped  :  the  hall  was  dressed  snd  goodlie  to  be  seene,  and  a 
licb  cupboard  sett  thercup  in  a  baye  window  of  IX  or  X  stages  and  haunces  of  hight, 
funiissed  and  fiillilled  with  plate  of  gold,  silver,  and  regilte."     Carved  wainsootting  in 
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puidi.  generally  of  oak,  lined  the  lower  pkrt  of  the  halli  iritfa  grmUz  niuty  et  deaign  and 
eieculiaD  than  beretofore  ;  ami  it  now  tuund  ita  wav  into  parloun  and  preMnoa  chamben 


a,  cogniianccs,  chimenia,  and  mottoaa,  whieh  m  the  caatlea  of 
rranoe  aDout  ine  age  oi  rrancii  I.  were  called  Boimria.  Of  these  aome  eurioua  qwoi- 
mena  itiU  remain  in  the  ball  and  chamben  of  the  dilqiidBted  manaion  of  the  liords  dc  Ln 
Warre  at  Haloaore  in  SutTolk.  The  area  or  court  vai  quadrangular,  and  beaidea  the  great 
Maiicaae  near  the  ball,  thtere  were  generally  heiuigular  towera  eontaining  otkera:  indeed, 
tliey  were  uaualiy  to  be  found  in  each  angle  of  the  great  court,  riaing  above  the  par^ieta, 
imparting  a  pleasant  and  pictureaque  effect  to  the  man  of  building,  and  grouping  well  with 
the  lofty  and  omamenled  chimneya  of  which  we  have  above  apoiien. 

139.  It  ia  melaacboly  to  reflect  upon  the  dis- 
^pearaoce  of  theae  manaion*  whicb  were  once 
the  ornament*  of  the  province!,  and  now  one  by 
one  &lling  Gut  away  by  the  Joint  opeiatlon  of 
what  ia  called  repair  and  by  de^y.  Matt  of  their 
remaina  ba>e  been  removM  to  raiaa  ot  to  be  in- 
corporated witb  other  buildings  G»  whicb  they 
might  have  well  been  spared. 

43a  The  cbaraoteristiea  of  the  Kyle  are  areka, 
univenally  flat,  and  wide  in  propiMion  to  their 
height  (jig.SOO.).  VWfeva,  mueb  more  open  than 
in  the  laal  period,  flatter  at  the  top,  and  divided  in 
the  upper  part  by  tranaoma,  which  are  almoat  coo. 
itantly  crowned  with  embattled  work  in  miniature. 
Ilie  ctitingM  or  vaultings  ipread  out  into  luch  a 
^  variety  of  parta,  that  the  whole  surface  appear* 

covered  with  a  web  of  delicate  sculpture  or 
embroiderj  thrown  over  it ;  and  from  different 
inteiaectioDs  of  this  ribbed  work,  cluaten  of  pen- 
dant amanwnta  hang  down,  as  Mr.  Millen  ob- 
•errea,  like  "atalactitea  in  caverns,"  The  jty- 
inff  btUtrtuea  are  equally  ornamented,  and  the 
aitemal  nii&cea  of  the  walla  arc  one  maas  of  deli- 
eate  aculpture.  The  m-iuantntt,  aa  may  be  de- 
duoed  from  the  above  particular*,  are  laviah 
and  profiiae  in  the  highest  degree.  Fretwork. 
flgurea  of  men  and  animals,  niebes  and  taber- 
nacles, accompanied  with  canopies,  pedeatals,  and 
traceries  of  the  moat  eiquidte  workmanahip, 
carried  this  style  to  the  summit  of  splendour; 
and  all  these  combined,  had,  perhaps,  no  imall 
^  oM-rf  share  in  producing  the  eitinetion  it  was  doomed 

Tu»  uc>,  n.  .  c.n<-  ^^  undergo. 

131.  Uefore  proceeding  to  give  the  examples  in  this  style,  to  which  the  reuJer  will  be 
TeCerred,  it  ma;  be  as  well  to  mention  that  Scotland  boasts  of  many  fine  specimens  of  ecclc- 
uastical  architecture.  The  abbeya  of  Melrose  and  Kelso,  fininded  by  David  I.,  u  well  as 
those  in  Dryburgh  and  Jedburgh,  all  in  Boiburgbshire,  prove  that  the  art  advanced  to  a* 
great  periectioa  north  of  the  Tweed,  as  it  did  in  England.  Rotlin  and  Holyrood  chapels, 
the  first  whereof  was  erected  by  Sir  William  St  Clair,  fcir  richness  and  variety  of  orna- 
mental carvings  cannot  be  eiceeded.  Ita  plan  is  without  parallel  in  any  other  specimen  of 
the  fifteenth  century.  The  Utter  was  finished  by  James,  the  second  of  that  name,  in  1440, 
and  ia  a  beautiful  example  with  Hying  buttreties,  which  are  more  omamentMl  than  any 
even  in  England. 

43S.  Eiamplea  of  the  Florid  Gothic  or  Tudor  style  are  to  be  seen  at  the  cathedral 
churches  —  of  Gb<ia$ltr,  in  the  chapel  of  Our  Lady  j  at  Oifitrd,  in  the  roofof  the  choir  i 
at  Ely,  in  Aleocfc's  chapel ;  at  Pttrrbomgh,  in  Out  Lady's  chapel,  and  at  Hcrtfard,  In 
the  north  porch.  In  conventual  cburcbea,  at  Wlndtor,  St.  George's  chapel-,  at  Qmibridgi, 
King's  College  chapel;  at  tTutniiutcr,  King  Henry  VU.'s  chapel ;  wX  Gnat  MahtrT^ 
in  Worcestershire,  the  tower  and  chcnr  ;  at  CArut  Chttrch,  Oxford,  the  roof  of  the  choir, 
and  at  Evahaai  Abbry,  in  Worcesterahire,  the  campanile  and  gateway. 

433.  For  parochial  churche*.  except  in  some  very  few  specimens  in  Somersetshire,  and 
there  perhaps  only  in  parts,  we  are  unable  to  refer  the  reader  to  a  complete  specimen,  in 
all  its  parts,  of  the  Tudor  style.  The  pulpit  and  screen  at  Dartmouth,  in  Devooshire,  are 
worthy  of  his  notice. 

4H4.  We  shall  dose  this  section  by  a  tabular  view  of  the  Riuiidera  and  dimensions  of 
tlie  different  cathedrals  of  England,  extracted  lh>m  Dallaway  and  other  authors; 
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BATH CONVBMTUAL    CuUECH   OP   THB    BkNBOICTXKSS. 


14951 
tl50Sj 

I         r 

'153SJ 


1570 
1609 


{ 


Founders. 


Oliver  King,  bishop  - 

Bird     "I      .  1 

Gibbe.jP"*'"        -  J 

Inhabitants  of  Bath     *) 
8ii  John  Harrington  I 
and  others         -       J 
James  Montague,  bishop 


NSTS. 


L«     B«     H. 


136  72  78 


Cbolr. 


L«    B«    Ii> 
75  35  73 


Aisles. 


Completed  the  building 


L<>         B»  Ha 


Of  the  nave. 
112  21   38 

Of  the  choir. 
80  21  38 


Transept. 


llm       B.  H. 


Tower. 


L«.  B.    n. 


46  48  742030150 


46  28  74 


BuOdlns  onAnbbed  at  the  Raformatkm.  and  ooniplefted  Iqr  Bishop  Montague  and  the  executors  of 
the  Lord  Treasurer  Borielgh.    Toud  length,  SIO  ft. ;  breadth,  126  ft. 


BRISTOL ^-CoMvsMTu A L  CuuacH  op  St.  Adoustimk. 


Dates; 


1160 
1230 


Founders. 


I 


llSll 
to 
1332 

1463 

1481 
1500 


31 


Robert  Fltxharding 
Robert     third     Lord*! 
Berkeley,  Maurice  I 
fourth  Lord  Berke-  >- 
ley,   and  Edmund 
Knowles,  abbot     - 
Elliot    and    William 
Hunt,  abbots        •  J 
John  Newland,  abbot, 
completed    • 


Nave. 


1«.        D.        H. 


75  73  43 


}  ■  { 


Choir. 


llm        B.         H. 


Aisles. 


Lim         B.  H. 


Originally  included. 


100    -  43 

Our  Lady*8 
Chapel. 


Transept 


L.     B>     H. 


128     -  43 


N.  trans. 


Tower 


Height. 


127 


The  church  dls|days  two  distinct  styles.  The  Chapter  House  and  Elder  Lady  Chniel  were  erected 
at  the  banning  and  close  of  the  twelfth  century,  and  the  existing  nave  and  choir  in  the  bejrinntng 
of  the  fourteenth.  It  is  prob^le  it  was  not  completed  after  the  plan  of  the  Abbot  Rnoles. 
The  tower  was  Intended  to  receive  a  splrei  The  aulas  and  nave  are  of  the  same  height,  which  is 
oi4y43ft. 


CANTERBURY  —  Cathsokal  Church. 


1070 
1090 


Founders. 


1100 
1122 

1174 

1304 

1379 

to 
1431 


{ 

2 

{ 


1449 

1468 
•1490 1 


Archbishop  Lanfiranc 
Archbishop  Anselme 
Emalphusi  ^  ^^^ 

Archbishop  W.  CorboiL 
W.  Senensisl  archi-  f 
W.  Anglus  J  tccts  \ 
Henry  de  Evtrey,  prior. 
&  Sudbury  1  ^ 

arch-    J 
bishops  I 


W.  Courte- 

nay 
T.  Arundel 
T.  Chittenden 
T.  Goldstone 


Nave. 


L.     B.     H. 


Choir. 


L»m         B.         H. 


.Aisles. 


L.    B.    H. 


Transept 


Towers. 


L.    B.    H. 


The  second  church  destroyed  by  fire  in  1 1 74. 
1.50  40  71    Included    Upper  I 


Present  "I 
churclk  J 


jpri 


pnors 


W.  SeUinge. 

W.  Morton,  archbishop 


Improved 
and  orna- 
mented. 

214  94  80 


} 


Lower 
124 


{ 


N.W.lOOft. 


N.W.  spire 
if  loMl  added 
100  ft.  high; 


taken  down 
1706; 

8.W.  laoft. 


Central  334 

high,  36 

diameter. 


The  orighial  Anglo-Saxon  stroctnre  of  Lanfranc  was  rebuilt  after  the  canonisation  of  Thomas  fc  Bccket. 
The  very  degant  central  tower  wss  completed  in  1500  by  Archbishop  Morton.     This  cathedral 


188 


HISTORY  OF  ARCHITECTUllE. 


Book  I. 


hM  a  lofty  ciTpt  of  greater  extent  than,  we  beliere,  anv  other  in  England.  At  the  eastern  end  of 
this  cathwlrai,  and  projecting  eastward  of  the  genenl  line  of  the  plan.  Is  an  apartment  open  to  the 
rest  of  the  church,  and  consisting  of  a  segment  equal  to  about  three  fourths  of  a  circle,  called 
**  Becket's  Crown.'*    The  interaal  length  of  thU  church  is  514  ft.,  and  breadth  154  ft.: 


CARLISLE  ~-  Cathedral  Chukch. 


Dates. 

Founders. 

Narei 

Choir. 

Ateles. 

Truisept. 

Towers. 

Bishops. 

L.    B.    H. 

Xdm        IS  •        m\  ■ 

L.    B.    H. 

L.    B.    H. 

Height. 

1150/ 
1270t 

Henry  Murdao,  abbot  1 
of  Fountains          -  J 

82    -    71 
Origina»jl64 

- 

Included. 

1353' 
to      • 
1363 

GUbert    de    Wilton,  1 
biahop         -           -  J 

- 

137  -  71 

71 

124  28  71 

13631 

to 

T.  de  Apylby      - 

1397 

14001 

to      . 
1419 

Z.  de  Strickland 

. 

. 

. 

. 

128  ft. 

The  total  length.  919  ft. ;  breadth,  IM  ft. 


CHESTER -~  CoHYBNTUAL  Chukch  or  Bskkdictixxs. 


Dates. 


1128 
1320 
1485 
1508 


Founders. 


Ranulf  Earl  of  Chester 


Simon  Ripley,  abbot  *! 


Oldham,  abbot 


•{ 


Nave. 


\a,    b.    h. 


-  73  73 

The  west- 
em  front 


Choir. 


L.    B.    R 


} 


Aisles. 


L.     B.     H. 


Transept. 


L.    B.    n. 


Transeptdis. 

simibr. 
North,  a  pa^ 
rish  church. 

180  -     - 


{ 


Tower. 


Height. 


127  ft. 

Finished 
in  1508. 


The  Chjwter  House  was  built  by  Ranulf  Earl  of  Chester,  and  in  it  many  of  his  descendants  are 
interred.    A  north  transept  only  in  this  church.    Length,  348  ft. ;  breadth,  180  ft. 


CHICHESTER— Catbkdral  Church. 


Dates. 


1094 
1125 


{ 


1217 
1282 
1329 

1520 


Founders. 


Bishops. 
Ralph         ... 

Siflrede  -  - 1 

Abbot  of  Glastonbury  J 


Ralph  de  Warham 
Gilbert  de  St  Leofiu-d 
John  de  Langton 

Robert  Sherboume 


Nave. 


L.     B.     H. 


Choir. 


Aisles. 


L.    B.    H.  !  L.    B.    H. 


First  church. 
105  95  61 


{i- 


Included 
91    - 


Transept 


La     B.     H. 


100  64  61 


if  There  are 
I  four  aisles. 
The  only 
Instance  in 
England. 


{ 


'   North    [ 


South 

with 

window 


:.{ 


Repairs  and  embellishment  of  the  choir,  &c. 


Tower. 


95  ft  hish 
W.  end. 


107  ft.  high 
twU  tower  i 
spire  added 

to  tower 
271  ft.  high. 


It  may  be  right  to  consider  the  present  church  as  founded  by  Sifflrede  upon  that  built  br  Ralnh  in 

1004    Total  length,  407  ft. ;  width,  131  ft.  '        •« 
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Datot. 

FoQoden. 

Nare. 

Choir. 

Aisles. 

Transept. 

Tower. 

1093 

BilhCMM. 

William  de  Carilelpho  . 

L.    B.    H. 
360  74  69 

L.    B.    H. 

L.    B.    a 

^«     B.     H. 

1188 

Ralph  Flambard. 

12SO 

Richard  Poose  and 

. 

. 

Included. 

176  57  - 

12SS 

Mdsonby,  prior 

- 

- 

- 

-    { 

Western 
towers  143  ft. 

and  Hugh  Darling-   - 

- 

120  74  71 

- 

90  18  - 

ton,  priors    •         -J 
Nicholas   de    Farnham, 

1 

1295 1 

bishop. 
Richard  de  Houton,*! 
prior          -           -  J 

: —    .  _. 

- 

- 

-    { 

Central 
tower  214. 

The  hMdj  Chapel  was  bollt  In  1390,  forming  a  sort  of  transept  at  the  end  of  the  choir.  This  cathedra! 
is  remarluilile  from  the  pillars  of  its  nare,  which  are  curiously  striated.  The  Galilee,  or  chapel,  at 
the  western  end.  Is  50  ft.  hjr  78  ft.,  and  was  finished  fay  Bishop  Langley  In  1430.  Total  length  of  the 
church,  430ft.;  width,  176  ft. 

ELY  —  Cathedral  Church. 


Dates. 

Founders. 

NaTe. 

Choir. 

Aisles. 

Transept. 

Tower. 

Bishops. 

L.    B.    a 

L.    B.    H. 

L.  a  H. 

Length. 

1109' 

to 

Hemey 

- 

- 

i* 

N.  178^ 

1133 

Nigillus 

Erected  the  cloisters. 

■  { 

Centre  of 

1174 

Id.  Geoff.  Ridal 

203-104 

. 

. 

West  (Vont 

210  ft.  high. 

1235" 

to 

Hugh  Northwold 

Presbytery,  which  was  made  the  choir  in  1 769.' 

1252 

1337 

Simon  Montacute 

Octagon  Louvre. 

I.  Wisbich,  prior 

10134j70| 

A  sphe  of  wood  was  added  to  the  tower  hy  Bishop  Northwold,  but  it  no  longer  exists.  The  octagon, 
from  which  rises  the  lou-nre,  is  142  ft.  high  from  the  floor,  and  is  71  fc.  6in.  diameter.  It  v^as 
designed  by  Alan  de  Walslngbam,  a  monk  of  Ely.  in  1328.  The  diameter  of  the  lantern  is  80  ft., 
and  its  external  height  170  ft    Total  length,  517  ft. ;  breadth,  178  ft.  6  in. 


EXETER  —  Cathedral  Church. 


1 

1 

Dates. 

Founders. 

Nare. 

Choir. 

Aisles. 

Transept. 

Tower. 

Bishops. 

L.    B.    H. 

jl.   b.    h. 

L.    B.    H. 

L.    B.    H. 

L.    &    H. 

11001 

to 

W.  Warlewast     - 

. 

. 

. 

• 

28  28   145 

1128 

1280" 

to 

Peter  Quivil 

- 

- 

- 

140  32  68 

1293 

12931 

to 

.Thomas  Bytton     - 

180  40  68 

- 

148  20  35 

1307 

13071 

to 

Walter  Stapylton 

• 

132  34  68 

132  20  35 

1318 

1340 

Edmund  Lacy        -     • 

Built  the  chapter  liouse. 

The  cloistera,  which  are  only  perfect  on  one  side,  were  added  by  Thomas  Brentinghan.  The  towers 
stand  at  the  ends  of  the  transept.  The  general  plan  of  the  church  is  that  designed  by  Bishop 
Qulrfl,  tnm  wliich  none  of  his  successors  deviated.  The  total  length  is  390 ft.;  width,  140 ftr 
Biabop  Orandison's  screen  in  this  cathedral  is  celebrated  among  antiquaries  as  displaying  a  series 
oTstaliiet  more  nomeroiis  and  entire  than  are  to  be  found  in  any  otiier  cathedral. 
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GLOUCESTER —CoNVBMTOAL  Church  op  Bbwkdictimu. 


Date*. 


Foundan. 


1357 


Aldred,    Bishop  1 
of  Worcester  -J 

Id.         -        -       - 
Abbot,  J.  Thokey 
Abbot,  J.  Wygmore 
Adam    Staunton  "i 

to  Walter  Fro-  I 

cester,  and  to 

Thomas 

broke 


d  toy 

Se- 


Nare. 


La         Ba  H. 

171  41  67^ 


Ut  supra 


W.  Ferleigh  to^ 
Thomas  Bra-  I 
mish,  and  to  | 
W.  Parker     -J 


Cleres-  1 

tory  and  I 

vault-    I 


Choir. 


Tj,   b.    h< 


140  34  J  86 


AUlot. 


TnuMept 


L<>  B.  Ha  !«•  B.  Ha         Itm         Ba  H 


Tower. 


Nal71S140j 
a  171  22- 


S.  66  43^  78 


N.  66  43}  78 


24  22  224 


The  Lady  Chapel  was  built  by  W.  Ferleich  aboat  149R.  The  wettern  fhcade  and  two  arches  were 
added  to  the  nave  about  1870  by  Ta  Horton.  The  tower  rises  from  the  intersection  of  the  naro 
and  choir  with  the  transntts.  The  cloisters  are  the  most  perfect  and  beautiful  of  any  in  England, 
and  are  unusaally  situated,  belof  oo  the  north  side  of  the  church.     Total  length,  iwftas 

width,  issa. 


HEREFORD— Cathkdral  Church. 


Dates. 


tl079to 
1095 

nioi  to 

1115 
I113I  to 

1148 
1200  to 

1216 

1492  to 
1502 


Founders. 


Nare. 


Choir. 


Bishops.  !  L.    B.    Ha 

I  Robert  de  Losinge   -  144  68  68 


Raindm 

T  Robert  de  Bethune,  1 
\  prior  of  Llanthony  J 

\  Giles  de  Bruse 
!■  Edmund  Audley 


L.    B.    H. 


125  20  64 


Restored  in  1786. 


Aisles.         Transept. 


L.  Ba  Ha 

144    -     - 


L>.     B.     H. 
140   -     - 


Lower. 
Ill   -  - 


Tower. 


Ancient 

spire 

MO  ft.  high. 

West  tower 
130  ft. 


The  spire, 

which  was 

taken  down 

in  1790. 


The  great  west  tower  fell  in  1786,  and  destroyed  the  greater  part  of  the  nare  and  aisles,  which 
were  rebuilt  shorter  by  15  ft.  The  architecture  of  the  chapter  house,  which  was  octagonal,  with 
a  single  central  pillar,  and  S7ft.  diameter,  was  unnecessarily  taken  down  by  Bishop  Bgerton. 
Totari«igth,8S5h.;  width  100  ft. 


Dates. 


LICHFIELD  —  CATHsnaAL  CHuacB. 


1295  r 

1430  t 


Founders. 


Bishops. 
Walter  de  I^uton,  or 

Langton 
And  his  successors    - 
William     Hewworth,' 

who  died  in  1447 


Nare. 


L.    B.    H. 

213  67  67 

W.  fipont. 
78   -     - 


Choir. 


Xj.     B.     H. 

120  33  67 


} 


Aisles. 

L.  B.  Ha 

Included. 


Transept 


L«a  Ba  H. 

88 [ 


{ 


Towcra 


West  spires 
183  ft.  high. 

Total  of  the 

oentTHl  spire. 

aS6. 


The  church  is  rery  uniform,  having  been,  like  Salisburrand  Bzeter,  completed  upon  one  plan.  The 
arches  In  the  Tnfnria  here  show  the  dog-tooth  moulding  in  great  perfection.  Total  length,  411  ft. ; 
breadth,  88  ft. 
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LINCOLN  —  Cathkdral  Cmukch. 


Foundan. 


1184 

1186  to 

1200 

1240 

1254 

1286  to 

1300 

1306 

1438 


Bishop*. 
Alexander    Nor- 


nuuuius 


Jor.l 


Hugh  de  Grenoble 

Robert  GroBtete 
Henry  Lexington 

>  Hugh  Burgundiu 

John  D'Alderby 
William  Alnewick  - 


KaTflu 


L*    B.     H. 

Rebuilt 


Choir. 


L.    B.    H. 


240  80  80  140  40  72 


Built  the 


Presbytery. 

106  82  72 
great  west 


AUlet. 


L.    B.    H. 


Included. 


Tnmaept 


L.      B.     n. 


{ 


W.  220  63 74 

£.  166  63  72 
window  and  porch. 


Towem 
and  Spires. 


Central 

288  ft.  high 

W.  980  ft. 

W.  fron 

I73ft.wld« 

(83ft.  high. 


? 


The  etntral  Sf^tre  of  this  cathedral  was  higlier  than  that  of  Sallsburjr,  and  was  blown  down  in  1M7. 
The  others  wera  removed  lnl806b    Total  length,  488  ft. ;  breadth,  S87  ft. 


LONDON— 

Old  Sr.  Paul's  CATRxnaAL  Chukch. 

Dates. 

Foanden. 

Nave. 

Choir. 

Aisles. 

Transept. 

Towers. 

1086 
1120 

1220 

1 

Bishops. 
Mauritius 
Richard  de  Beaumes    - 

William  de  St  Maria  . 

L.    a    H. 

335  91  102 

L.    B.    H. 
163     -  88 

L,    B.    H. 
Included. 

L.    B.    H. 
297  -     - 

m              n 

Height  MO 
ft.,  ditto  of 
spire  274  ft. 
Burnt  down 
in  1061. 

The  Chapter  Hoose  was  bnllt  by  William  de  St.  Maria,  and  was  octangular.  The  cloisters,  which 
were  only  91  ft.  square,  were  erected  by  Henry  de  Wingham  in  1860 1  and  the  Lady  Chapel  by 
Henry  de  Lacy*  Karl  of  Lincoln,  in  1319.  The  area  which  this  cathedral  covered  in  1800  was 
S  acres,  S  roods,  and  S6  perches.  The  cloisters  were  remored  by  the  Protector  Somerset,  to  build 
his  palace  In  the  Strand.  Inigo  Jones  commenced  his  restorations  upon  the  fabric  In  1633,  and 
placed.  In  1636,  a  most  beaatinil  bat  incongruous  Corinthian  portico  at  the  western  end,  the 
expense  of  which  was  borne  tf  Charles  1.  The  whole  of  the  church  was  taken  down  and  remored 
1^  Sir  Christopher  Wren  in  167B.  The  following  are  the  dimensi<ms  assigned  to  the  cathedral  in 
1309 :  ^Length, 681  ft. ;  breadth,  130.  The  heinit  of  the  vaulting  of  the  western  part,  109ft. ;  of 
the  eastern,  188  ft.:  of  the  tower,  960  ft. :  and  m  the  spire,  which  was  timber-fhuned  and  cohered 
with  lead,  974  fU  Dugdale's  history  of  the  church  is  embellished  with  numerous  plates  by  Hollar, 
and  is  a  most  interestmg  work. 


NORWICH—  CATRxnaAL 

Chuxcb. 

Dates. 

Founders. 

NaTC. 

Choir. 

Aisles. 

Transept. 

Tower. 

1096 
1171 
1197 

j  1361 

Bishops. 

Herbert  Loainga 

Eborard     -         -         - 

John  of  Oxford  • 
r  Ralph  Walpolel 
\  Thomas  Percy  J 

L.    B.    H. 
140  71  - 

L.    B.    a 
165  -     - 

m 

Included. 

L.    B.    H. 
191  -     - 

Tower. 

Spire  817  ft. 

This  church  has  no  Ladr  Chapel.  The  cathedral,  before  1979,  was  so  dilapidated,  that  it  was  nearly 
reboilt  by  sooceedingoishops  and  priors.  The  cloisters,  erected  by  Bishop  Wakering  in  1490,  are 
the  most  ^acious  in  Bngland,  being  174  ft.  square.    Length  of  cathedral,  414  ft. ;  breadth,  191  ft. 


OXFORD— CoxTxiTTUAL  Chuxcb  or  St.  Fxtdkswidx 

Aug.  Cakons. 

Dates. 

Foanders. 

Nare. 

Choir. 

Atoles. 

Transept. 

Tower. 

1050 
1120 
1122 
1528 
1545 

r  Gnynumd,  prior  of  \ 
t.      St  Frydeswide  J 

Cardinal  Wolaey 
Robert  King,  first  bishop 

L.    B.    H. 

74  54  41  i 

L.    B>    H. 
80    37    - 

Clerestory 

Included. 

L.    B.    a 
102  -     - 

Tower. 
Spire. 

The  Chapter  House  here  is  of  perfect  Anglo-Norman  architecture,  built  in  the  rdgn  of  Henry  II. 

Length  of  church,  1M  ft. ;  breadth,  102  ft. 
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PETERBOROUGH — Conyshtual  CHqacB  or  tub  Bbnbdictikks. 


DatM. 


1160"! 
tevcu  I 
Hen.  I 

11.  J 
1175 

1272 

1295 
IStX) 

13S0 
1496 


Founders. 


WmUmdeWattevillc. 
21st  abbot    - 


} 


N«Te. 


Mam  B.  H. 


231   78  - 


203  69  78 


Benedict,  22nd  abbot  - 
Richard  de   London,' 

32nd  abbot  - 
WilliamdeFary8,prior ' 

or  W.  de  Woodford,   » 

abbot  - 
Geoffry        Croyland, ' 

34th  abbot    -         -  J 
Robert  Kirton,  44th  abbot,  built  the  chapek  at  the  end  of  the  choir. 


Choir. 


L.     B«     H. 

138  78  78 


Aides. 


Included. 


TnotepL 


L.    B.    H. 


Tower. 


Two  ipiret 
156  ft  high. 

Unflnlthed 
tower,  lao  ft 
Louvre,  150(t' 


Length,  480  ft. ;  breadth,  908  ft. 


ROCHESTER  —  Catubdral  Church. 


Dates. 


Founders. 


1080 
1115 
1227 
1270 


L.     B.    H. 
150  75    - 


Bishops. 
Giindulphus 
Ernulph    • 
Henry  Sanibrd  - 
W.  de  Hoo,  prior,  built  a  chapter  house. 


Nave. 


Choir. 


L.    B.     H. 


156  -     - 


Aisles. 


Included. 


Transept 
L>    B>    H. 
122  -     - 


Tower. 


Spire,  15C  ft 


When  the  choir  was  rebuilt,  in  1 337,  It  was  extended  to  a  greater  length  by 'several  Teet  than  the 
nave  Itself.  The  choirs  of  Norman  churches  were  all  disproportionately  short.  Total  length,  306  ft.; 
breadth,  193  ft. 


SALISBURY - 

Cathsdral 

Church. 

Dates. 

Founders. 

Nave. 

Choir. 

Aisles. 

Transept 

Tower. 

1217 

12.')0 
1274 

Bishops. 
Richard  Poore   - 

Robert  Bingham 
Robert  Wykchampton 

L.         B.         Hi 

229  76  81 

• 

L.    B.    H. 

140  -     84 

* 

Included. 

L.    B.    H. 
2SO  60  84 

To  the  Pa- 
rapet, £07  ft. 

Spire,  404  ft. 

This  is  the  most  oniform  of  the  cathedrals  of  England.  It  was  ascertained,  in  1737,  that  the  roof 
altogether  contained  9641  tons  of  timber.  According  to  the  account  delivered  to  Henry  III.,  it 
appeared  that  40,000  marks  (93,666/.  ISf.  id.)  had,  up  to  that  time,  been  expended  on  the  fabric. 
The  original  plan  was  given  by  Bishop  Poore,  and  flrom  It  no  variation  was  made  by  his  successors. 
The  church  was  twice  consecrated.  The  Chapter  House  is  octangular,  with  a  central  column,  and 
the  cloisters  are  160  ft.  square.  The  spire  is  of  masonry  only  7  in.  thick,  and  would  hence  seem  to 
be  scarcely  adequate  to  support  its  own  weight.  The  total  length  is  474  ft.,  and  the  western  flront 
Is  119  ft.  wide.    Great  repairs  were  made  to  it  by  Sir  Christopher  Wren. 


WELLS — Cathedral  Church. 


Dates. 

Founders. 

Nave. 

Choir. 

Aisles. 

Transept 

Tower. 

Bishops 

L.    B.    H. 

L.    B.    H. 

L.    B.    H. 

L.    B.    H 

1205" 

to      - 

Josaline  Troteman 

191  67  67 

108  67  - 

Included. 

135  -    67 

1239 

1293 

W.  de  March 

1366 

John  Harwell 

1450 

'i'homas  Beckington    - 

• 

m 

m 

-    { 

Western. 
334   -    lao 

1465 

Robert  Stillington 

- 

- 

- 

-    I 

Central. 
-    -    160 

This  is  a  very  extraordinary  example.  Its  western  facade  is  decorated  with  statues  In  a  more  perfect 
state  than  is  seen  in  any  cathedral  excepting  that  of  Lincoln.    The  subjects  are  kings,  bishops. 
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end  warriors.  The  oriflaBl  plan  teeut  to  hare  been  strictly  followed  to  its  completion  bj  Bishop 
StUitngton.  Speed  sajs  that  Ralph  de  Shrewsbury,  who  died  in  1863,  was  a  great  beneCsctor 
to  the  church,  and  prosecuted  the  original  nlan.  Hie  support  of  the  central  tower  is  assisted 
bf  the  principle  of  the  inrerted  arch  as  at  Salisbury,  and  is  a  good  example  of  oonstructlre  skill. 
iWl  length.  S71  ft. ;  breadth.  185  ft. 


WESTMINSTER— CoNVEMTUAL  Church. 


1250 


Foondert. 


King  Henry  III. 


1300    King  Edirmrd  I. 


1490 


King  Henry  VIL 


Nave. 


Choir. 


Aisles. 


L.    &    H. 


li.    0.    H.    L.    B.    H.    li.    B.    H. 
166  38  101  155  38  101  166  16  101 

Extreme 
breadth  of| 

the  Nave     }-     -  -  136  40  78 

and  Aisles, 

-  7H  -    _ 

r  Chapel,  108  ft.  long,  35  ft.  broad,  60  ft. 
\  high  ;  aisles,  62  ft.  long,  17ft.  broad. 


Transept 


Tower. 


Height  to 
the  top  of 
the  west- 
em  turrets, 
addition 
10S|ft.. 
ffi6ft.in 
the  whole 


The  flyloc  battrcsaes  of  Henry  VII. 's  chapel  are  amons  the  most  beautifully  decorated  in  England. 
The  trllorla  of  the  church  are  lighted  from  a  range  or  windpws  in  the  back  wall,  which  are  seen 
extcmallj,  each  consisting  of  three  circlee,  inscribed  within  a  triangle,  equilaterally  composed  of 
three  segmcots  of  circles.    The  architect  was  Thomas  FlU-Otho.  the  king's  Master  of  the  Mint. 


WINCHESTER— Catuukal  Chubch. 


Dates. 


1070 
1190 


i 


Founders. 


Bishops. 
Wakelyn    - 
Godfrey   de    Laci,  the 
dotsters 


Nare. 


L.    B.     H. 


Choir. 


Aisles. 


L.    B.    H.  I 


aeriM   ^lUiam    de   Edjmton, 
^^*       the  Lady  Chapel 

William  de  Wykeham  - 
Cardinal  Beaufort 
T.  Langton 


300  86  78 


Piresbytery 

93  86  78 


Included. 


Transept 

L.     B.     ti . 

186  -     - 


Tower. 


iaOft.hlgh. 


The  western  lh>nt  was  lfailshed''by  BdynCon.  The  nave,  which  was  finished  by  William  of  Wykeliam, 
is  laoaer  than  that  of  York,  and  considered  one  of  the  finest  in  England.  The  exterior  of  the 
choir  u  of  the  Ifaiest  Gothic  of  the  fifteenth  century.  The  choir,  as  at  Oloooester,  is  under  the  tower. 
Tteal  length,  645  a. ;  breadth,  186  ft. 


WORCESTER  —  Cathedral  Church. 


Dates. 

Founders. 

Nave.            Choir.           Aisles. 

i 

Transept 

Tower. 

Bishops. 

L.     B.    R 

L.    B.    H. 

L.    B.    H. 

12181 

Lower, 

1  to 

William  de  Blois 

212  78  72 

80  36  61 

Included. 

128  32  - 

1924 

;,s^( 

T.   Cobham,   L^ly 
Chapel 

• 

1  1372 

W.  de  Lynne     - 

- 

- 

- 

- 

ITS  ft  high. 

1374' 

to 
1380 

Henry  Wakefield 

- 

- 

■  { 

Upper, 
120  25  - 

The  Chapter  House  hare,  a  deouon  M  ft  diameter,  and  the  cloisters,  ISO  ft.  long  and  1S6  ft.  in  breadth, 
were  erected  in  the  time  of  W.  de  Wynne.  The  original  church  was  built  before  UAO,  and  parts 
of  it  may  stlU  be  traced.  The  refectory  of  the  oonrent,  190  ft.  by  88  ft.,  is  still  perfect  The  nare 
b,  far  sinrle  and  proportions,  well  wortny  the  attention  of  the  stodent.  The  total  length  of  the 
cfaorchb  410ft.;  Its  breadth.  180ft. 

O 
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YORK  —  Cathsdrau 


Dates. 

Founders. 

Nare. 

Choir. 

Aisles. 

Traniept. 

Tower. 

Archbishops. 

Xj.    b.    h. 

L.    B.    H. 

L.    B.    H. 

L.    B.    H. 

1227 

Walter  Grey     - 

- 

- 

- 

222  -.  103 

1291 

John  Romain    • 

250  103  92 

. 

250  -  47 

W.de  Melton     - 

^ 

. 

-{ 

Facade  and 
western 

towers  196  ft. 

13^1 

J.  Thoresby 

• 

150  43  101 

13001 

J.  Birmingham,  trea-l 

■  { 

L.  B.  H. 
CentraL 

to 

surer,      completed   >■ 

- 

- 

* 

1420j 

the  fil^ade        -        J 

44  42  182 

Octagonal  Chapter  House,  erected  by  W.  de  Melton.  The  foundations  of  the  church  were  laid  in  1171, 
byRoger,  then  archbishop.  The  central  lantern  or  steeple,  built  by  Le  Romain,  was  taken  down 
in  1380  by  Walter  Sklrlawe.  The  aisles  surround  the  church  In  erery  part,  are  of  similar  dimen- 
sions, and  were  built  at  the  same  time.  The  open  central  tower,  or  lourre,  is  188  ft.  flrom  the 
floor.  The  Rose  Window,  the  finest  in  England,  is  88  ft.  6  in.  diameter.  Total  length,  498  ft. ; 
breadth,  22S  ft. 

435.  The  following  synoptical  view  of  the  general  dimensions  of  the  above  cathedrals,  we 
think,  may  prove  occasionally  useful  to  the  reader,  by  enabling  hmi  to  compare  the  whole 
of  them  and  their  parts  with  each  other.  The  equality  of  the  proportions  is  striking ;  and, 
in  another  part  of  this  work,  we  hope  to  place  before  the  reader  some  principles  which 
tend  to  prove  that  there  was  a  much  more  established  practice  founded  on  the  laws  of 
statics  than  has  hitherto  been  conjectured.  Dallaway,  without  the  remotest  idea  of  the 
principles  in  question,  has  observe^  witii  his  usual  sagacity,  that  there  appears  in  ihem  **  a 
distribution  of  parts  which  will  hold  almost  generally,  that  the  width  of  the  nave  is  that  of 
both  the  aisles,  o^asured  in  the  place  to  the  extremity  of  the  buttresses  externally ;  and 
that  the  breadth  and  height  of  the  whole  building  are  equaL  In  the  more  ancient  churches^ 
the  aisles  are  usually  of  the  width  of  the  space  between  the  dividing  arches.**  Some  ides 
of  the  principle  is  conveyed  in  the  plates  of  Milan  cathedral,  curiously  introduced  into 
the  very  early  translation  of  Vitruviua  by  Caesar  Ceaarianus,  a  work  of  great  curiosity,  and 
of  which  copies  are  now  rarely  met  with. 


A    SrNOtTICAL    VXXW   OF   THE    LXADIKQ 

DiHKMSIONS   or  THE 

Ergush  Cathkdrai,& 

CaHMdnl. 

Total 
tntanul 
Lcngdi. 

NavM  and  Aiiln. 

Cbrin. 

TmiMpli 

Spima 

aadTowcn. 

Winchester     - 

Mft 

Lcncth.    Bmdth.    Bdidtt. 
247           86           78 

Lci^. 

BrmUh. 

"T- 

Brwdtli. 
186 

HdiRht. 

5*y     JL 

617 

887           73           70 

101 

73 

70 

178 

Tower 

.  810 

Canterbunr     • 

514 

814           70           80 

160 

74 

80 

164 

Do. 

-  386 

Old  9t  Paul's 

600' 

836           91          108 

166 

43 

88 

348 

Spdre 
Tower 

.  634 

York    - 

«96 

364         109           99 

131 

99 

383 

-  834 

Lincoln 

498 

83           88 

• 

. 

387 

Do. 

-  360 

Westminster 

489 

180           96         101 

183 

161 

189 

Peterborough 

480 

881           78           78 

138 

78 

308 

Louvre 

-  ISO 

Salisbury 

463 

346           76           84 

140 

84 

310 

Spire 
Tower 

.  387 

Durham 

430 

•              .             . 

117 

33 

71 

176 

-  814 

Gloucester 

430 

174           84           67 

140 

86 

144 

Do. 

*  SSw 

Mchfleld 

411 

818          67 

110 

67 

Spire  . 

868  W.  183 

Norwich 

411 

380          71 

166 

191 

Da 

.317 

Worcester 

410 

313          78 

136 

74 

130 

Tower 

-  196 

Chichester 

401 

306           91           61 

100 

* 

131 

Spire 
Tower 

-  867 

Exeter  - 

890 

173          74          69 

181 

69 

140 

.  130 

Wells    . 

871 

191           67           67 

106 

67 

136 

Do. 

-  160 

Hereford,  aact. 

870 

144           68           68 

106 

64 

140 

Chester  - 

848 

-            73          73 

• 

Toww 

•  187 

Rochester 

806 

160          66            . 

166 

183 

Spire 

-  156 

Carlisle 

318 

71           71 

137 

7*1 

Bath     . 

810 

136          73          78 

• 

186 

Tower 

-  168 

Bristol . 

176 

100          76           78 

100 

138 

Do. 

.  137 

Oxford 

154 

74           64           41 

80 

37* 

103 

Spire 

.  184 

To  the  above  we  subjoin  the  correspondent  dimensions  of  the  several  component  parts  of 
some  of  the  cathedral  churches  enumerated,  which  we  consider  useful  to  the  stud^it  as  well 
as  the  general  reader. 

Total  Length. 
Chichester  cathedral  church  .  .         410  ft. 

Norwich  cathedral  church        -  .  -         41 1 

Worcester  cathedral  church  -  -         410 

Durham  cathedral  church         -  •  .         4S0 

Gloucester  conventual  church  .  .         4S0 
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Salisbury  cathedral  church 
Lincoln  cathedral  church 
Canterbury  cathedral  church 
Peterborough  conventual  church 
Winchester  cathedral  church 
.Durham  cathedral  church 
Ely  cathedral  church 
Exeter  cathedral  church 
Gloucester  conventual  church 
Wells  cathedral  church 


Heights  of  Naves. 
84  feet 
83  — 
80  — 
78  — 
78  — 
71  — 
70  — 
69  — 
67  — 
67    — 


Style 
Pointed  arch. 
Pointed  arch. 
Pure  Gothic. 
Nomuui. 
Pure  Gothic 
Norman. 
Norman. 
Pointed  arch. 
Norman. 
Pointed  arch. 


Breadtht  of  Ksvei  and  Aisles. 
Norwich     -     7 1ft. 
Bristol  -     73        Canterbury    -     74  ft.   Peterborough      78  ft.    Lincoln        -     83  ft. 

Chester  -     73        Exeter  -     74       Worcester       -     78        Gloucester   -     84 

Ely  -     73        Salisbury       -     76        Durham         -     80        Winchester  -     85 

The  author  just  quoted,  in  reference  to  the  tables  here  given,  says  of  them,  that  **  the 
parallel  will  afford  us,  at  one  view,  authentic  information  concerning  the  proportion  of  one 
constituent  part  to  another  of  every  cathedral  in  England  which  is  worthy  the  notice  of  an 
architect.  Such,"  he  continues,  **  a  coincidence  of  dimensions  as  that  which  is  found  in 
many  of  them,  can  scarcely  be  supposed  to  be  the  effect  of  chance,  especially  where  the 
buildings  are  contemporary  and  of  an  exactly  correspondent  style.'*  It  appears  that  the 
equality  of  proportions  is  confined  to  each  era  and  style  of  ecclesiastical  architecture  in  so 
remarkable  a  d^ee  as  to  lead  us  to  coqjecture  that  they  might  have  been  designed  by  the 
same  architect.  "  The  constant  rivalry,**  says  Dallaway,  **  which  subsisted  between  the 
magnificent  prelates,  was  excited  upon  the  erection  of  any  part  of  a  cathedral  of  superior 
beauty,  and  imitated  in  those  of  the  same  kind  which  were  then  undertaken ;  and  the 
architect  who  had  once  displayed  great  talents  was  invited  to  repeat  the  more  perfect  per- 
ibimance,  upon  which  he  had  rested  his  professional  fame.**  We  have  not  considered  it 
necessary  to  devote  a  special  portion  of  our  work  to  the  conventual  architecture  of  England, 
because  it  fi)llowed  the  style  of  the  time.  It  was  of  great  splendour.  The  ground  plans 
of  thor  habitable  portions  were  usually,  though  not  always,  quadrangular,  and  in  the  later 
ages  partook  of  the  improvements  in  domestic  architecture,  as  in  the  colleges  built  by 
Wykham  and  Waynflete,  and  many  of  the  episcopal  residoices.  Glastonbury  and  Reading 
presented  exceedingly  fine  examples  of  it ;  the  former  comprised  within  its  walls  sixty 
acres  of  ground. 
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436.  The  revival  of  the  arts  in  Italy  has  fVimished  the  subject  of  Chap.  II.  Sect.  XVI. 
It  commenced,  as  we  have  there  seen,  with  its  author  Brunelleschi,  who  died  in  1444 ;  and  it 
was  not  tiU  more  than  a  century  afterwards  that,  notwithstanding  .our  constant  intercourse 
with  the  Continent,  its  influence  began  to  be  felt  in  this  country.  The  aecesoon  of 
Elisabeth,  it  will  be  recollected,  took  place  in  1558. 

437.  Whilst  the  art  was  in  the  hands  of  the  dergy,  though  here  always,  in  point  of  time, 
bdiind  that  of  the  Continent,  it  flourished  vigorouady  ;  but  when  that  body  was  scattered 
by  the  dissolution  of  the  religious  houses,  no  one  remained  to  foster  it ;  and  though 
Henry  YIII.  delighted  in  tpeetade,  and  a  gorgeous  display  of  his  wealth,  he  was  fiur  too  great 
a  sensualist  to  be  capable  of  being  trained  to  refinement  in  the  arts.  Neither,  moreover, 
are  the  EngHsh,  as  a  people,  susceptible  of  high  feeling  in  respect  of  the  productions  of  art. 
Even  to  the  present  hour  so  low  in  the  scale  do  they  stand,  that  a  lady's  cap  finds  no 
adoption,  receives  no  sanction  among  the  higher  classes,  unless  moulded  and  previously 
sanctioned  in  the  capital  of  our  lively  neighbours.  In  short,  the  only  period  in  which  the 
arts  seemed  likely  to  take  root  here  was  under  that  unfortunate  monarch  Charles  I. ;  since 
whose  time  they  have  languished,  giving  way  to  politics,  which  engross  the  attention 
of  the  higher  class,  and  to  commerce,  which  occupies  the  attention  of  the  merchants. 
There  is  here  no  general  pervading  love  of  the  arts,  as  among  all  classes  on  the  Continent, 
though  we  believe  the  time  for  it  approaches.  The  Elizabethan,  or,  as  some  have,  perhaps 
more  properly,  called  it,  the  last  Tudor  style,  is  an  imperfecUy  understood  adaptation  of 
classic  forms  to  the  habits  of  its  day  in  this  country.  It  isftill  of  redundant  and  unmeaning 
ornament,  creating  a  restless  feeling  in  the  mind  of  the  spectator,  which,  in  the  cinque  cento 
work,  the  renaissance  of  Italy,  was  in  some  degree  atoned  for  by  excellence  of  design, 
by  exquisite  execution  of  the  subject,  and  by  a  refinement  in  the  forms  which  some  of 
the  first  artists  the  world  ever  saw  gave  to  its  productions.     In  Italy,  the  orders  almost 
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instantaneously  rose  in  their  proper  proportions,  soon  leaving  nothing  to  be  desired ;  but 
in  England  they  were  for  a  long  time  engrafted  on  Gothic  plans  and  forms,  producing 
nothing  but  heterogeneous  masses  of  absurdity.  It  was,  nevertheless  (strange  to  say),  in 
this  style  and  the  Gothic,  that  the  wisdom  of  the  legislature  thought  proper  to  solicit  designs 
from  the  architects  of  the  country,  in  the  year  1 836,  for  new  houses  of  Parliament,  a  pro- 
ceeding which  has  excited  the  smiles  of  the  artists  of  the  Continent  at  our  absurdity  in 
matters  of  art. 

438.  The  work  of  Andrew  Borde  has  been  before  mentioned ;  but  the  earliest  publication 
in  England  relative  to  practical  architecture  was,  **  The  first  and  chiefe  Grounds  of  Archi- 
tecture used  in  all  the  ancient  and  fiunous  Monyments,  with  a  fiirther  and  more  ample 
Discourse  uppon  the  same  than  has  hitherto  been  set  forthe  by  any  other.  By  John  Shute» 
paynter  and  architecte.**  **  Printed  by  John  Marshe,  foL,  1563."  TTiis  John  Shute  had 
been  sent  by  Dudley,  Duke  of  Northimiberland,  to  Italy,  probably  with  the  intention  of 
afterwards  employing  him.  upon  the  works  which  he  was  projecting.  From  this  and  many 
other  circumstances,  it  is  easy  to  discover  that  domestic  architecture  under  Elizabeth  had 
assumed  a  more  scientific  character.  Indeed,  there  is  ample  evidence  that  no  building  was 
now  undertaken  without  the  previous  arrangement  of  a  digested  and  r^ulated  plan ;  for 
early  in  the  reign  of  this  sovereign  the  treatises  of  Lomazzo  and  Philibert  de  Lorme  were 
translated  into  English ;  and  in  the  construction  of  the  palatial  houses  of  the  aristocracy^ 
the  architects  had  begun  to  act  upon  a  system.  The  principal  deviation  from  the  plans  of 
the  earlier  Tudor  houses  was  in  the  bay  windows,  parapets,  and  porticoes,  whereof  the  two 
latter  were  intensely  carved  with  all  the  forms  that  the  most  fiuitastic  and  grotesque 
imagination  could  supply.  The  exteriors  of  these  porticoes  were  covered  with  carved 
entablatures,  figures,  and  armorial  bearings  and  devices.  The  galleries  were  lofty,  wide, 
and  generally  more  than  a  hundred  feet  in  length ;  and  the  staircases  were  spacious  and 
magnificent,  often  occupying  a  considerable  portion  of  the  mansion.  Elizabeth  herself  does 
not  appear  to  have  set,  during  the  passion  of  the  period  for  architecture,  any  example  to 
her  subjects.  She  might  have  thought  her  fiither  had  done  sufficient  in  building  palaces ; 
but,  however,  be  that  as  it  may,  she  encouraged  the  nobles  of  her  court  in  great  expenditure 
on  their  residences.  With  the  exception  of  the  royal  gallery  at  Windsor,  she  herself  did 
actually  nothing ;  whilst  on  Kenilworth  alone.  Lord  Leicester  is  supposed  to  have  expended 
no  less  a  sum  than  60,000/.,  an  almost  royal  sum  of  money. 

439.  Before  proceeding  ftirther,  it  becomes  our  duty  here  to  notice  a  peculiar  construction 
which  prevailed  in  the  large  manor  houses  of  the  provinces,  and  more  especially  in  the 
counties  of  Salop,  Chester,  and  Stafford,  the  memory  of  many  whereof,  though  several  are 
still  to  be  seen,  is  chiefly  preserved  in  engravings ;  —  we  allude  to  those  of  timber  fiwne- 
work  in  places  where  the  supply  of  stone  or  brick,  or  both,  was  scanty.  The  carved 
pendants,  and  the  barge-boards  of  the  roofs  and  gables,  which  had,  however,  made  their 
appearance  at  a  rather  earlier  period,  were  executed  in  oak  or  chesnut  with  much  beauty 
of  design,  and  often  with  a  singularly  pleasing  effect.  Hie  timbered  style  reached  its 
zenith  m  the  reign  of  Elizabeth,  and  is  thus  illustrated  in  Harrison's  description  of 
England :  —  **  Of  the  curiousnesse  of  these  piles  I  speake  not,  sith  our  workmen  are  grown 
generallie  to  such  an  excellence  of  devise  in  the  frames  now  made,  that  they  &rre  passe  the 
finest  of  the  olde.**  And,  again :  "  It  is  a  worlde  to  see  how  divers  men  being  bent  to 
buildlnge,  and  having  a  delectable  view  in  spending  of  their  goodes  by  that  trade,  doo  ' 
dailie  imagine  new  devises  of  their  owne  to  guide  their  workmen  withall,  and  those  more 
curious  and  excellent  than  the  former.**  (p.  336.)  The  feshion  was  no  less  prevalent  in 
cities  and  towns  than  in  the  country;  for  in  them  we  find  that  timber-framed  houses 
abounded,  and  that  they  also  were  highly  ornamented  with  carvings,  and  exhibited  in  their 
street  fronts  an  exuberance  of  extremely  grotesque  figures  performing  the  ofiice  of  corbels. 
The  fiuhion  was  imported  from  the  Continent,  which  supplies  numberless  examples, 
especially  in  the  cities  of  Rouen,  Bruges,  Ulm,  Louvaine,  Antwerp,  Brussels,  Nurem- 
burg,  and  Strasburg,  which  very  far  surpass  any  that  this  country  can  boast.  We  have, 
however,  suflScioit  remains  of  them  in  this  ootmtry  to  prove  that  the  wealthy  burgess 
afiected  an  ornamental  display  in  the  exterior  of  his  dwelling,  rivalling  that  of  the 
aristocracy,  and  wanting  neitiier  elegance  nor  elaborate  finishing,  whilst  it  was  productive 
of  a  hi^  picturesque  effect  in  the  street  architecture  of  the  day.  **  This  manner,**  says 
DaUaway,  '*  was  certainly  much  better  suited  to  the  punter's  eye  than  to  comfortable 
habitation  ;  for  the  houses  were  lofty  enough  to  admit  of  many  stories  and  subdivisions, 
and  being  generally  placed  in  narrow  streets  were  foil  of  low  and  gloomy  apartments,  over- 
hanging each  other,  notwithstanding  that  they  had  fronts  nearly  composed  of  glass,  with 
the  projecting  windows  and  the  interstices  filled  for  nearly  the  whole  space.**  jF¥^.  201.  is 
a  representation  of  Morton  Hall,  an  example  of  the  style  in  question. 

440.  A  better  idea  of  the  architeoture  of  this  age  cannot  be  obtained  than  by  a  notice 
of  the  principal  architects  who  have  fomished  materials  for  the  foregoing  observations ; 
and  for  this  purpose  we  shall  use  with  freedom  the  notes  to  Walpole*s  anecdotes,  by  our 
late  much  valued  friend   Mr.  DaUaway.     A  MS.,  belonging  to  the  Earl  of  Warwick 
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ID  the  lime  of  Walpole,  enabled  him  to  bring  to  the  knowledge  of  the  world,  and 
perpetiute  the  memorj  o^  en  artist  of  no  mean  powen,  wboae  name,  till  that  author's 
time,  was  almoM  buried  in  obliTion,  though  he  was  the  architect  of  moot  of  the  principal 
■nd  palatial  edifices  erected  during  the  reigns  of  Elizabeth,  and  Juma,  her  successor. 
Mil  ruDne  was  John  Thorpe ;  and  at  the  sale  of  the  librar;  of  the  Hon.  Charles 
GretUle  in  IBIO,  the  MS.  in  question  came  into  the  possanon  of  the  Ute  Kr  John 
Soane,  Professor  of  Architecture  to  the  Royal  Academy.  It  is  a  tbiio,  consisting  of 
!80  pagn,  whernn  the  plans,  often  without  a  scale,  are  necertheless  accurately  executed. 
Sncral  of  the  subjects  were  merely  dengns  for  proposed  maiuions.  The  eJerations  are 
neatly  drawn  and  shadowed.  The  general  form  of  the  plans  is  that  of  tbree  sides  of  a 
qiudrwigle,  the  portico  in  the  centre  being  an  open  arcade  finished  by  ■  turreted  cupola. 
When  the  quadranglo  are  perfect,  they  are.  for  convenience,  surrounded  by  an  open 
corridor.  'Ptie  windows,  especially  in  the  principal  front,  are  Urge  and  lofty,  and  mostly 
alternated  with  bows  or  projecting  diviaions,  and  always  so  at  the  flanks.  The  ornament)  are 
of  the  cinque  cento  school,  as  &r  as  it  waa  understood  here,  and  are  unirersally  rude 
imitations  of  the  works  of  Leicat  and  Vignola,  —  of  the  latter,  of  course,  much  debased. 
Great  elTorts  were  made  by  Thorpe  to  group  the  chimneys,  which  were  embellished  with 
Roman  Doric  eolurpris,  and  other  conceits.       Tlie  contents  of  the  volume  are  an  follow  : . — ' 

1 .  The  ground  plan  of  Old  Somerset  Houne. 

2.  Buckhurat  House  in  Sussci,  whereof  area  ground  plan  and  eleration.     The  front 

eitcnds  S3D  ft.     The  quadru^  ia  100  ft.  by  80  ft.,  and  the  hall  80  ft  by  50  ft. 

3.  (  Page  24. )  The  garden  front  of  a  nobleman's  house,  probably  only  a  design. 

1.  "  The  way  how  to  drawe  any  grouttd  plot  into  the  order  of  perspectirc,"  with  dia- 
grams and  written  deacriptions. 

5.    A  design  for  a  large  house  with  three  sides  of  a  quadrangle. 

€.    An  elevation  of  a  house  for  Sir  Thomas  DorreU  in  Lincolnshire. 

7.    Godstone.      An  open  corridor  of  the  Doric  order. 

S.  Copthali  In  Essex,  built  for  Sir  Thomas  Heneage,  to  whom  the  manor  was  granted 
l^  Queen  Elisabeth.  The  gallery,  of  extraordinary  length,  as  compared  with  its 
bright  uul  width,  was  16S  ft.  long.  S2  ft  high,  and  the  same  wide ;  and  the  inner 
court  of  the  mansion  was  Bn  fi.  square. 

9.  Wollaton  Hall,  Nottinghamshire,  the  inscription  whereorl  runs  thus ;  "En  km  Fran- 
citti  WUbiigUmi  jBda,  rata  arUantlnutiu  mSoughbau  relitUu.  Indvtata,  1580— 
t5S8.  Mr.  Dallaway  observes,  on  this  inscription,  that  the  monument  of  Robert 
9milhson  in  Wollaton  Church  appears  to  in<alidaie  lliorpe's  claim  to  this  design. 
It  ruru  thus:  "  Mr.  Robert  Smithion,  orchltedor  and  surveyor  unto  the  most  worthy 
bouse  of  Wollaton,  with  divers  others  of  great  account,  ob.  16 14.'  He  wa^  proliably 
Thorpe's  pupil  and  successor. 
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10.  A  ixnga  ofa  qiudnngle  intenected  bj  ■  corridor. 

11.  Sir  Jobn  B«giuU'i  hauw,  witb  ■  gallery  abore  60  ft  in  length. 

13.  Burleigb  Home,  built  for  Cecil  the  IahI  Treaauier  :  but  it  exhibits  only  the  plutt 
oTtbe  ground  uid  Gnt  floon,  with  doigiu  uid  iketeha  for  the  acroU  parmpet. 

13.  Some  detail!  &i  Sir  George  St.  Poole. 

14.  Thornton  College,  vitta  a  gallery  IDD  ft.  long,  fbr  Sir  Vincent  Skinner. 

15.  *A  ground  plan  for  Sir  Tlionuu  Holte. 

16.  A  dcMgn. 

IT.  The  house  called  Holland  House,  at  Kensington,  for  Sir  Walter  Coapes.  This  waa 
finished  by  Thorpe  in  1 607 .  and  aftenrards  received  alterations  and  additions  from 
the  hands  of  Inigo  Jonei  and  Stone. 

18.  Giddea  Hal),  Euei;  altered  lor  Sii  Anthony  Cake,  irbo  there  entertained  Quern 
Eliiabeth. 

19.  For  Sir  George  Coppcn, 

90.  Burghley  on  the  Hill.      Garden  (hint. 

91 .  "  A  front  or  garden  side  for  a  nolileman,  three  breadths  of  ordinary  tenements ; " 
supposed  to  hare  been  fbr  Sir  Robert  Grerille's  (Lord  Brooke)  house,  near  Gray's 

aa.  "  A  London  house  fbr  Mr.  Darby." 

S3.   Wimbledon.      "  A  house  stands  upon  the  edge  ofa  hill,"  built  for  Sir  Thotoas  Cecil 

tn  15S8.      Fuller  says  it  was  nearly  equal  to  Nonsuch.      It  vaa  rebuilt  by  Sarah 

Dacheaa  of  Marlborough,  and  was  consumed  by  fire. 
24,   "  Queene  Mother's  House,"  altered  by  I.  Thorpe. 

SJ.  "  Monsieur  Janunet  in  Paris,  his  house,  1630.      All  his  offices  are  under  grounde." 
96,  Jannin's  house,  flie  league*  from  Paris,  an,  leOO, 
27.    An  eleration  fbr  Sir  William  Haslerigg, 


28-  Longford  Castle,  Wiltshire  {^p-  302.).  A  most  singular  production,  A  diagram 
of  the  Trinity  drawn  in  the  centre  of  a  plan  of  the  triangular  court.  It  was  erected 
tor  Sir  Thomas  Georgec  and  his  lady,  the  Msrchionesa  Dowager  of  Northampton, 
in  1591,andisnow  thesest  ofthe  Earl  of  Radnor. 

39.   A  plan  for  Sr  PereiTsl  Hart,  Lullingstone,  Kent. 

30.  A  house  for  Mr,  Panton, 

31 ,  Holdenby,  built  fbr  Sit  Christopher  Hatton  in  15SO,  and  now  in  ruins.  Two  large 
quadrangles  in  the  plan,  and  an  elevation  of  the  front, 

33  and  33,    Flans  for  Mr,  William  Fitiwillism  and  Sir  Henry  Nerille, 

34,  Audley  End;  plan  of  the  two  courts.  Thorpe's  part  completed  about  1616. 
Much  reduced  in  site  unee,  and  now  the  property  of  Lord  Brayhroke, 

35,  A  design, 

36,  Mr,  Tavlor's  house  at  Potter's  Bar. 

37,  Sir  Walter  Covert's  in  Suaaei,  whereof  the  mined  walls  are  still  standing, 

38,  Hatfield  Lodge,  a  plan, 

39  and  40,    Drawmgs  relating  to  Amptbill, 

41 ,  "  Kirby,  whereof  I  laid  the  first  stone,"  This  was  a  house  for  Jobn  Kirby,  ejtiien 
of  London,  whose  death  is  mentioned  by  Fleetwood.  Recorder  of  London,  in  a 
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Oreen,  wboac  loftiiMa*  uul  ■inulitude  to  ■  CMlle,  c*u«ed  some  ridimls  of  him  by 
the  rhjmtslan  of  tbe  day 
441.  Walpole,  upon  7%orjii'M  CompotUiimi,  observes,  that  tbe  taite  of  thii  muter's  man. 
*kMii  wu  Oat  "  bMUnLatjle  which  mterTeDcd  betveen  Gothic  uid  Gnvun  uchitecture, 
or  vhicb,  peifaapt,  vm  the  njle  tbat  had  been  invented  for  the  houses  oT  tbe  nobility  when 
they  fit«t  TsDtured,  on  the  aetclement  of  tbe  kingdom  after  the  termination  of  the  .quarrel 
belweeu  tbe  Roses,  to  sbandon  their  fbrti6ed  dungeons,  and  eoniutt  convenience  and  mag- 
mGeence."  lie  Bnme  author  continues,  "  Thorpe')  ornaments  on  the  balustrades,  porches, 
and  oBlddes  of  windows  are  barbarous  and  ungrueful,  and  some  of  his  vast  windows 
adTance  outward*  in  ■  sharp  angle ;  but  there  is  judgment  in  his  dispoation  of  apartments 
and  offices,  and  he  allots  more  ample  space  lor  halls,  ttaircases,  and  chambers  of  state.  He 
Bppeara,  also,  to  have  resided  M  Puis,  and  even  seems  to  have  been  employed  there." 
Among  tbe  designs  be  made  is  thai  of  a  whimsiesl  edifice,  designed  for  himself,  forming  on 
tbe  plan  tbe  initial  letters  of  his  name  B?i  which  are  joined  by  a  corridor,  tbe  |  being 
the  dtuation  of  the  offices,  and  tbe  "if  bong  skilfully  distributed  into  large  and  small 
apartnwnts.      The  epigraph  to  tbe  design  is  aa  follows :  — 

-  Tbss  I  Letters  I  ud  T  " 

■' JcTned  uuther  H  tdh  wa  " 

Walpole  truly  observes  of  this  votume.  that  "  it  is  a  very  valuable  record  of  the  magnifi. 
ecsicc  of  our  anoestors,  and  preaerres  memorials  of  many  sumptuous  buildings  of  which  no 
other  mraiumait  tamains."  Wa  ought,  perhaps,  to  have  suffered  our  account  of  TlHirpe 
to  have  lK«ai  preceded  by  thoae  of  others,  but  the  conspicuous  rank  he  holds  in  tbe  list 
of  English  arobitecta  of  this  period  induced  us  to  place  him  before  another,  for  a  little 
time  bis  predecessor  in  tbe  works  of  the  country.  We  allude  to  the  name  of  Hobert 
Adams,  vbo  translated  Uboldini's  account  of  the  defeat  of  the  Spani^  Armada  from  the 
ItalUn  into  Latin ;  a  feat  which  we  fear  but  few  architects  of  [he  present  dsy  would  easily 
accomplish,  such  is  the  Ul  of  education  for  artists,  notwithstanding  all  tbe  boasts  of  march 
of  intellect,  lliis  trsnalation  appeared  in  4to.,  1^89.  He  was  surveyor  of  the'  queen's 
buildings,  and  mppeaa  to  have  been  a  man  of  connderable  ability.  His  place  of  sepulture 
was  in  an  aisle  on  the  north  side  of  tbe  old  church  at  Greenwich,  with  this  inscription, 
"  Egregio  Viro,  Roberta  Adama,  operum  regiorum  supervisori  srchitecturge,  peritiisimo, 
oh.  1S9S.  Simon  Basil,  operationum  regiarum  contrarotulator,  hoc  ponilt  monumenlum 
1601.- 
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449.  Benwrd  Adamt  and  Lawrence  Bradihaw  were  alio  eminent  among  the  aTchitect* 
of  the  |ieriod  under  our  coniideration ;  bul  we  muM  notioe  more  particularly  Gerard 
Chriitnuia,  who  wai  auociated  with  Benuird  Jtuiaen  in  the  erection  of  Northampton,  after- 
wardi  Suflblk,  and  now  Nonhumberlaod  House,  not  strictly  belonging  in  time,  though  in 
■tyle,  to  the  reign  of  Elizabeth.  Both  of  these  architect*  had  acqbired  eonsderable  &me, 
and  were,  deKTvedly,  much  employed.  In  Nortbumbertund  Home  the  cyphers  of  Christ. 
ma*,  C.  JE.  (Chrinmai  ediBcaiit),  were  used  in  the  street  troat.  The  letten  H.  N.  were 
origioaUf  in  the  balustrade  here,  standing  for  Howard  Earl  of  Northampton,  and  were 
frequently  repeated,  a  practice  then  much  in  vo^c,  for  there  are  many  examples  of  inscrip- 
tions of  letters  enclosed  within  the  lisluslnidc,  as  if  within  lines,  and  pierced  so  that  the  iky 
seen  thn>ogh  them  renden  them  distinct  from  almost  every  point  of  view.  Bernard 
Jansen  was  probably  the  architect  first  employed  at  the  splendid  mansion  of  Audley  Ion  in 
Essex,  for  Thomas  Howard  Earl  of  Suffolk  ;  and,  besides  the  assocUtlon  with  Christmaa 
atwve  mentioned,  was  joined  with  Mooes  Glover  in  completing  North  umberlaad  Hoiue, 
and  wag  probably  the  architect  who  finished  %on  House  in  Middlcaei,  Sir  Henry  Earl  of 
Northumberland,  vho  had  at  the  time  expended  9O0Of,  in  the  work. 

44».  Robert  and  Huntingdon  Smithson,  &ther  and  son,  were  engaged  on  WaUaton  Hall 
(Jig-  £03.  at  the  foot  of  the  preceding  page),  in  Nottinghamshire,  as  also  at  Bolfiover  in 
Derbyshire.  The  former  died  in  1614,  at  the  age  of  seventy-nine,  and  the  latter  in  1648, 
but  it  ia  pretty  certain  that  Thorpe  waa  consulted  in  this  splendid  work,  for  among  his  de- 
ligns,  as  the  reader  wilt  recollect,  are  some  for  Wollaton. 

414.   Thomaa  Holte,  a  native  of  York,  wm  the  architect  of  the  public  schoola  at  Oxford 


(Jig-  904.),  of  which  the  hint  might  have  been  taken  from  the  Campanile  of  Santa  Chiarn  at 
Naples,  and  of  the  quadrangles  of  Merton  and  Wadham  colleges.  He  was  the  first  in  this 
country  who  introduced  the  classicnl  orders  in  serica  above  each  other.  He  evidently  bor- 
rowed the  practice  IVam  Fhilibert  Delorme,  who  had  done  the  same  thing  at  tbe  C^teau 
d'Anet,  near  Paria,  one  of  the  victim  edifices  of  the  Revolution.  We  apprehend  any 
argument  to  prove  tbe  absurdity  of  such  conceits  is  unnecessary. 

445.   Many  of  the  grandest  works  of  what  is  termed  the  Eliiabethan,  or,  in  truth,  Ih* 
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last  Todor  style,  were  not  completed  before  the  middle  of  the  reign  of  James  I.  ;  so  that  it 
maj  be  said  to  have  been  practised  until  the  days  of  Inigo  Jones,  in  whose  early  works  it 
may  be  traced.  *'  Tins  fiishion,'*  says  DaUaway,  "  of  building  enormous  houses  was  ex- 
tended to  that  period,  and  even  to  the  civil  war.  Audley  Inn,  Hatfield,  Charlton,  Wilts, 
and  particularly  WoUaton,  are  those  in  which  the  best  architecture  of  that  age  may  be 
seen.  Others  of  the  nobility,  deserting  their  baronial  residences,  indulged  themselves  in  a 
rivalabip  in  point  of  extent  and  grandeur  of  their  country-houses,  which  was,  of  course, 
followed  by  opulent  merchants,  the  founders  of  new  fiumlies.  Sir  Baptist  Hickes,  the 
king's  mercer  (afterwards  ennobled),  built  Campden  House,  Gloucestershire,  which  was 
scarcely  inferior  to  Hatfield,  afterwards  burnt  down.  There  is  scarcely  a  county  in 
England  which  cannot  boost  of  having  once  contained  similar  edifices ;  a  very  few  are  still 
inhabited ;  others  may  be  traced  by  their  ruins,  or  remembered  by  the  oldest  villagers,  who 
can  confirm  the  tradition  ;  and  the  ntes,  at  least,  of  others  are  pointed  out  by  descriptions  as 
having  existed  within  the  memory  of  man.'* 

446.   The  following  is  a  list  of  some  of  the  principal  palatial  houses  finished  before  1600. 
Others  of  the  reign  of  Elizabeth's  successors  will  hereafter  be  noticed.     Of  so  many  of 
them  are  the  names  of  the  architects  undetermined,  though  many  are  assigned  to  those  we 
have  already  mentioned,  that  we  shall  not  attempt  to  assign  a  column  to  the  artists  in 
question,  for  fear  of  misleading  our  readers. 


Name. 

Date. 

Coun^. 

Founder. 

Pretent  Stats 
Taken  down. 

Catledge     - 

1560 

Cambridge 

Lord  North 

Basinghouse 

- 

Hants 

Marquis  of  Winton 

In  ruins. 

Kelston     - 

- 

Somerset    - 

Sir  J.  Harrington 

Rebuilt 

Gorhambury 

1565 

Herts 

Sir  N.  Bacon 

In  ruins. 

Buckhurst 

• 

Sussex 

Lord  Buckhurst     - 

Destroyed. 

Knowle     - 

1570 

Kent    -     . 

Lord  Buckhurst 

Perfect. 

Penshurst 

. 

Kent 

Sir  H.  Sydney 

Perfect 

Kenilworth 

1575 

Warwick    - 

Earl  of  Leicester 

In  ruins. 

Hunsdtti    - 

. 

Warwick    - 

Lord  Hunsdon 

Rebuilt. 

Wanstead 

1576 

^sex 

Elarl  of  Leicester 

Destroyed. 

Burleigh 

1577 

Lincoln 

Lord  Burleigh 

Perfect 

Osterley      • 

. 

Middlesex  - 

Sir  Thomas  Gresham 

Rebuilt 

Longleat 

1579 

Wilts 

Sir  J.  Thynne 

Perfect 

Stoke  Pogis      - 

1580 

Bucks 

Earl  of  Huntingdon 

Rebuilt 

Toddington 

- 

Beds 

Lord  Cheyney 

Destroyed. 

Theobalds 

- 

Herts 

Lord  Burleigh 

Destroyed. 

Wimbledon 

1588 

Surrey 

Sir  T.  Cecil 

RebuUt 

Westwood 

1590 

Worcester  - 

Sir  J.  Packington 

Perfect 

Hardwick  Hall  - 

1597 

Derby 

Countess  of  Shrewsbury  - 

In  ruins. 

447.  Relative  to  Osterley,  in  the  above  table,  a  curious  anecdote  has  been  preserved  by 
FttUeft  in  his  WortkUs  of  Middlaex.  Queen  Elizabeth,  when  visiting  its  magnificent 
merchant,  the  owner,  observed  to  him  that  the  court  ought  to  have  been  divided  by  a  wall. 
He  immediately  collected  so  many  artificers,  that  before  the  queen  had  risen  the  next 
morning,  says  the  historian,  a  wall  had  been  actually  erected. 

448.  Many  of  these  houses  possessed  terraces  of  imposing  grandeur,  which  were  con- 
nected by  broad  or  double  flights  of  steps,  with  balustrades,  whereof,  if  we  may  judge  from 
Winstanley's  print  of  Wimbledon,  the  seat  of  Sir  Edward  Cecil,  it  was  a  very  fine  example. 
The  following  extracts  from  the  parliamentary  survey  of  it  in  1649  will  convey  some 
notion  of  its  extent  **  The  scite  of  this  manor-house  being  placed  on  the  side  slipp  of  a 
riflng  grownde,  renders  it  to  stand  of  that  height,  that  betwixt  the  basis  of  the  brick  wall  of 
the  lower  court,  and  the  hall  door  of  the  sayd  manor-house,  there  are  five  several  ascents, 
consistii^  of  three  soofe  and  ten  stepps,  which  are  distinguished  in  a  very  graceful  manner. 
The  platforms  were  composed  of  Flanders  brick,  and  the  stepps  of  freestone,  very  well 
wrought  On  the  ground  floor  was  a  room  called  the  stone  gallery,  108  foot  long,  pillared 
and  arched  with  gray  marble.**  The  ceiling  of  the  hall  *'  was  of  fret  or  parge  work,  in  the 
middle  whereof  was  fixed  one  well- wrought  landskip,  and  round  the  same,  in  convenient 
distances,  seven  other  pictures  in  frames,  as  ornaments  to  the  whole  roome ;  the  floor  was 
of  black  and  white  marble." 

449.  As  we  have  above  observed,  the  I^lzabethan  style  is  a  mixture  of  Gothic  and  Italian. 
It  is  characterised  by  orders  very  inaccurately  and  rudely  profiled ;  by  arcades  whose  openings 
are  often  extravagantly  wide,  their  height  not  unfrequently  running  up  into  the  entabla- 
ture. The  columns  on  the  piers  are  almost  uiuversally  on  pedestals,  and  are  often  banded 
in  courses  of  circular  or  square  blocks  at  intervals  of  their  height ;  when  square,  they  are 
constantly  decorated  with  prismatic  raisings,  in  imitation  of  precious  stones,  a  species  of 
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whUh  ii  of  very  frequent  rceurrcnce.  Nothuig  like  uDbrokea  enUblMurn 
■irpcBT  ^  all  is  frittered  away  into  mull  parta,  fiBpeciAllj  in  scrolls  for  the  reception  of  in- 
Hriptions,  which,  at  their  citicmitieii  an  Tolutcd  ud  curled  up,  like  so  muj  pieces  of 
icorcbed  leather.  All  thoe  ec- 
centricities are  so  conijcntr»ted 
in  th«r  Mpulcliral  monument!. 
tlut  no  better  inoght  into  the 
leading  prin^ples  of  the   Myle 

from  WoDninater  Abbey,  here 
given  in  the  monument  of  Queen 
Elii^ieth  herself  {fg.  £05.}. 
In  this  it  will  be  seen  that  the 
twte  is  cumbroui  and  oonftued  ; 
and  to  add  to  the  •nomaliei,  the 
fiaures  were  coloured,  and  the 
dilTerent  sort*  of  marbles  and 
aUbMtera  of  numberlen  hut*. 
The  general  oompoaition  ooniiili 
in  ■  large  altar  tomh  under  an 
open  arcade,witfa  a  rich  and  com- 
plicated entablature.  The  oo- 
lumns  are  usually  of  black  or 
white  marble,  of  the  Doric  or 
Corinthian  order.  Snull  pyra- 
midal figures,  whose  sides  were 
richly  veneered  with  Tariously 
coloured  pieces,  di^Hned  in  or- 

porting  globes,  are  of  continual 
occurrence.      Armorial  bearings 

troduced  to  eiceai.     When  the 

monument   is  placed  agaiiut  a 

wall,  vhich  is  more  usually  the 

caae,  the  plan  was  aceommodated 

to  it.  and  the  alcove  with   ill 

Fif.  «u.  wiui.  iLiuHn.'.  Miuii'iiiKr.  colunuis    uniTeTully    retuned. 

Among  the   best  examples  are 

those  of  RatdiS^  Eati  of  Surrey  at  Boreham,  and  of  his  countess  in  Weslmiitsler  Abbey ; 

of  Dudley  Earl  of  Looester  at  Warwick,  and  of  Carey  Lord  Hunsdon  in  Westminster 

Abbey. 

450.  It  •ecms  droU  in  this  age,  when  throughout  Europe  the  principles  of  good  taste  in 
■rchitevture  are  ao  well  understood,  that  fashion,  induced  bj  the  cupidity  and  ignorance  of 
upholsterers  and  decoraton, — the  curses  of  the  ait, — should  again  sanction  an  adoption  of 
the  barbarous  forms  and  uniaeaning  puerilities  which  it  miglit  be  supposed  Jones  and  Wren 
bad,  by  thrir  example,  consigned  to  a  merited  obliTion.  We  fear  our  warning  Toice  will 
do  Utde  to  suppress  the  rage  till  it*  cycle  is  completed  We  have,  in  the  prolongation  of 
the  subject,  sacrificed  our  own  fbdings  to  the  rage  in  the  present  day  tor  d«igns  of  this 
olaB,  and  have  assigned  to  it  a  ftr  longer  description  than  it  deserves.  Tbe  wretched 
cockney  imitations  cait  perpetrated  for  retired  shopkeepers  in  the  insignificant  villas  of  the 
suburbs  of  tbc  metropolis,  and  occuioDally  for  the  amusement  of  country  gentlemen  a 
little  nton  distant,  as  well  as  the  use  of  wluit  is  colled  Gothic,  appear  to  us  in  no  other 
light  than  iDOckerie*  of  a  style  which  is  repudiated  by  the  manners  of  the  nineteenth  century. 
The  style  called  Elisabethan  ve  consider  quite  as  unworthy  of  imitation  a>  would  be  the 
■doptioo  in  tbe  present  day  oFthe  model  of  the  ships  of  war,  with  their  unwieldly  and  top~ 
haavy  poop*,  which  encountered  the  Armada,  in  preference  to  tbe  beautiful  and  compact 
form  of  a  well-moulded  modem  fHgatb 
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from  the  foUowiDg  ragn.  The  angular  and  circular  bay  windows  now  disappeared  entirely, 
and  were  supplanted  by  large  square  ones,  of  very  large  dimensions  in  their  heieht, 
unequally  divided  by  transoms,  and  placed  in  lengthened  rows,  so  as  to  form  leading 
features  in  the  several  stories  of  the  building.  Battlements  were  now  entirely  omitted, 
and  the  general  eflbct  of  the  pile  became  one  of  massive  solidity,  broken  by  a  square  turret 
loftier  than  those  at  the  angles.  Tlie  houses  built  in  the  reign  of  James  I.  are  deficient  in 
the  pieturssque  beauty  found  in  those  of  his  predecessors.  Many  of  them  were  finished  by 
the  ardiiteets  named  in  the  last  section,  and  they  were  on  a  larger  scale  than  even  those  of 
the  age  of  Elisabeth.  Audley  Inn  in  1616,  Hatfield  in  1611,  and  Chaflton  House  in 
Wiltshire  for  Sir  Henry  Knevett,  were,  perhaps,  the  best  specimens.  The  house  at 
Campden,  Gloucestershire,  built  by  Sir  Baptist  Hickes,  and  which  was  burned  down  during 
the  civil  wars,  consisted  of  four  fronts,  the  principal  one  being  towards  the  garden,  upon  the 
ground  terrace ;  at  each  angle  was  a  lateral  projection  of  some  feet,  with  spacious  bay 
windows ;  in  the  centre  a  portico*  with  a  series  of  the  columns  of  the  five  orders  (as  in  the 
schools  at  Oxford),  and  an  open  corridor.  The  parapet  was  finished  with  pediments  of  a 
capricious  taste,  and  the  chimneys  were  twisted  pillars  with  Corinthian  capitals.  A  very 
capacious  dome  issued  from  the  roo(  which  was  regularly  illuminated  for  the  direction 
of  travellers  during  the  night  This  immense  building  was  enriched  with  frieses  and 
entablatures,  most  profusely  sculptured ;  it  is  reported  to  have  been  erected  at  the  expense 
of  S9j0O0iJL,  and  to  have  occupied,  with  its  ofiioes,  a  site  of  eight  acres.** 

452.  The  use  of  the  orders  became  more  generaL  In  Glamorganshire,  at  Beauprd 
Castle  (1600),  which  has  a  front  and  porch  of  &e  Doric  order,  we  find  a  composition  in- 
dittding  that  just  named,  the  Ionic  and  the  Corinthian,  wherein  the  capitals  and  columns 
are  accurately  deaiffned  and  executed.  The  following  table  exhibits  some  of  the  principal 
houses  of  the  period  :  — 


HOOM. 

Date. 
1607 

County. 

Founder. 

Preient 
SUte. 

Architect 

Middlesex    • 

Sir  Walter  Cope 

Perfect 

John  Thorpe 

Bramshili 

• 

Hants 

Edward  Lord  Zouche    - 

do. 

Uncertain. 

Castle  Ashby 

. 

Northampton 

Herbert  Lord  Compton 

da 

do. 

Summer  Hill 

• 

Kent 

Earl  of  Clanricarde 

do. 

da 

Charlton 

m 

Wilts.     -     - 

Sir  Henry  Knevet 

Restored 

da 

Hatfield       . 

1611 

Herts. 

Robert  Earl  of  Salisbury 

Perfect 

da 

Longford  Castle    - 

1612 

Wilts. 

Sir  T.  Gorges 

do. 

John  Thorpe. 

. 

Yorkshire     - 

Sir  Arthur  Ingram 

do. 

Uncertain. 

Charlton      - 

. 

Kent 

Sir  Adam  Newton 

do. 

da 

Bolsover 

1613 

Derby    -     - 

Sir  Charles  Cavendish  f  j^'^J^ 

f  Hunting- 
•   don  and 

(^  Smithson. 

Audley  Inn 

1616  Essex 

T.  Earl  of  Suffolk          -  Perfect 

B.  Jansen. 
'J.  Thorpe 

Wollaton      . 

-     Notts.     -     - 

Sir  Francis  Willoughby        do. 

and 

1 

Smithson. 

453.  Under  James,  the  pride  and  magnificence  of  the  aristocracy  was  as  equally  dis- 
played in  the  sumptuous  monuments  erected  to  the  memory  of  the  departed  as  in  their 
stately  palaces ;  and  we  can  scarcely  point  to  a  county  in  England  whose  parish  churches 
do  not  attest  the  feet  by  the  gorgeous  tombs  that  exist  in  vilU^es  where  the  mansions  of 
those  thus  conrniemorated  have  not  long  since  passed  from  the  memory  of  man.  A  year's 
rental  of  an  estate,  and  that  frequently  under  testamentary  direction,  was  often  squandered 
in  the  sepulchral  monument  of  the  deceased  lord  of  a  manor. 

454.  In  the  reign  of  James  I.  properly  commences  the  career  of  Inigo  Jones,  to  which 
we  hasten  with  delight,  as  indicating  the  dawn  of  true  architecture  (for  the  Gothic  had  irre- 
trievably passed  away)  in  England.  It  resembles  the  arrival  of  a  traveller  at  an  oasis  in  the 
desert,  aiier  a  parching  and  toilsome  journey.  **  Jones,  if  a  table  of  fiime,**  says  Walpole, 
**  like  that  in  the  Tatler,  were  to  be  formed  for  men  of  real  and  indisputable  genius  in 
every  country,  would  save  England  from  the  disgrace  of  not  having  her  representative 
among  the  arts.  She  adopted  Holbein  and  Vandyck,  she  borrowed  Rubens,  she  produced 
Inigo  Jones.  Vitruvius  drew  up  his  granunar,  Palladio  showed  him  the  practice,  Rome 
diqilayed  a  theatre  worthy  his  emulation,  and  King  Charles  was  ready  to  encourage, 
employ,  and  reward  his  talents.  This  is  the  history  of  Inigo  Jones  as  a  genius.**  Gene- 
rally speaking,  we  are  not  admirers  of  Walpole,  who  often  sacrificed  truth  to  fency,  and  the 
character  of  an  artist  to  a  prettily-turned  period  ;  hence  we  are  disinclined  to  concur  in  his 
criticisms  without  many  qualifications ;  but  in  this  case  he  has  so  well  expressed  our  own 
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(eclinga,  thai  wc  n^iet  we  cuinot  kdd  force  to  the  obiervBtuHii  in  vhich  we  no  Aillji 

455.  Inigo  Jodh  wu  the  WD  oT  ■  clothworker,  and  wu  bom  about  1 JT3.  From  the 
inaet  probable  account*  he  appc^n  to  have  been  apprenticed  to  a  joiner,  in  which  Rate  he 
WM,  from  tome  accounbi,  ditcovered  by  the  Earl  of  Arundel,  ttom  others  bj  William  Eail 
of  Pembroke,  and  by  one  ot  other  of  lbe«  noblanien  lent  to  Italy,  rather,  however,  accord- 
ing to  Walpole,  to  study  the  art  of  painting,  than  that  of  architecture,  for  the  former  of  which, 
the  author  named  uyi,  Nature  appcan  not  (o  have  lilted  him,  in«muchiis  "  he  dropped  the 
peninl.  and  conceired  Whitehall"  But  our  own  belief  is.  that  though  he  might  have  after- 
wardi  been  patroniacd  by  both  the  noblemen  above  mentioned,  he  owed  this  part  of  hii 
education  to  neither  of  them  ;  for,  coniidering  that  at  hit  flnt  tiijt  to  Italy,  before  IGOS, 
Lord  Petobroke  wu  but  jiut  of  age,  and  that  Lord  Arundel  wu  raniewhat  younger, 
there  i>  no  great  probability  that  either  of  them  thus  assisted  him  in  his  studies  on  the 
Continent 

456.  Of  tail  employment  as  an  architect  nothii^  can  be  traced  preiious  to  the  viul  of 
Jamea  I.  to  the  Univeruty  of  Oifbrd,  in  1 605,  at  which  time  be  was  thirty-three  yean  old  ; 
■nd  then,  »cootding  to  Leiand  (  CoBectanta,  App.  vol.  tL  p.  647. ),  "  They  "  ithe  Univer- 
uty) "  hired  one  Mr.  Jones,  a  great  traveller,  who  undertook  to  further  them  with  rare 
devices,  but  performed  little  to  what  was  eipeeted.  He  had  tor  his  pains,  I  have  con- 
stantly heard.  SOL  ;'  from  which  it  is  certain  that  his  earliest  visit  to  Itsly  was  before 
16QS.  At  Venine  he  became  acquainted  with  the  works  of  Palladia ;  and  there,  as 
Walpole  observes,  <■  learned  how  bautifully  taste  may  be  eierted  on  a  less  theatre  than 
the  capital  of  an  empire."  In  this  city  his  repuUtion  was  so  great,  that  Christian  I V. 
appointed  him  his  architect,  though  of  the  buildings  erected  by  him  in  Denmark  we  know 
nothing.  In  this  country's  capital,  however,  he  was  found  by  James,  and  by  his  Queen 
(Anne)  was  removed  from  Copenhagen  to  Scotland,  in  the  quality  of  her  architect.  By 
Prince  Henry  he  was  employed  in  the  same  capacity,  and  about  this  lime  hod  Ihc  grant  in 
reversion  of  surveyor  general  of  the  works.  On  the  untimely  and  lamented  death  of  that 
prince,  he  once  more  visited  Italy,  where  he  perfected  his  taste  and  ripened  his  judgment. 
It  appears  more  than  probable  that  it  was  previous  to  bis  second  jouraey  that  he  designed 
those  of  his  buildings  that  partake  of  a  bastard  style.  These  buildings,  however,  are  such 
as  could,  under  the  circumstances,  have  been  designed  only  by  a  great  master  in  a  state  of 
transition  from  one  style  to  another;  such,  for  instsnce,  are  the  north  and  south  ndea  of 
tlie  quadrangle  at  St.  John's  College,  Oxford,  in  which  he  seems  to  have  copied  all  the 
&ults  of  the  worst  eiamplea  of  tuM  great  master  Falladio ;  still  the  eomposition  is  so 
picturesque,  that,  though  reluctantly,  we  eumot  avoid  admiring  it.      In  the  garden  Iroat  of 


the  same  college  (Jig.  YV6.},  notwitlistanding  iu  impurity,  there  is  *  breadth  and  grandeur 
which  subdue  crilicion,  and  raise  our  admiration)  and  we  by  no  means  subscribe  to  Horace 
Wolpole's  dictum,  that  "  Tnigo's  designs  of  that  period  hate  a  littleness  of  parts  and  a 
weight  of  ornament."  Previous  to  his  second  return  to  England,  the  surveyor's  place  had 
Ulen  in,  and   finding  the  ofRce  in  debt,  he  jirevailcd,  as  Walpole  observe\  vith  an  air  of 


Chai 
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Bomaa  dilliitereMciliiesi,  tad  •hawing  tbat  ardutectnre  wu  not  Um  odI]'  thing  he  bad 
leuiwd  in  Rome,  on  the  comptroller  and  pajmastcr  of  the  office,  to  give  up,  u  lie  did,  all 
the  profits  oT  the  office  till  the  arrean  were  cleared. 

4JT.  B;  ibeFcedoTt.  foL  xvuL  p.  99.,  we  find  tbat  there  wu  iasued  to  bim,  in  eoqjunction 
irith  the  Eul  of  Amodel  and  others,  a  commiaitm  to  prevent  tb«  building  on  new  found- 
atiom  within  two  mile*  of  l«ndon  and  the  palace  of  Westminster  j  ind  in  1620  he  was,  if 
pontile,  more  uwleiel]'  employed  b;  Jamet  I.  in  gue«ing,  tbr  it  woi  no  more,  who  were 
the  builders  of  Stonehenge^  For  tbia  last,  tbe  neccMary  prelinuDary  infbTToation  had  not 
even  dawned,  although  Walpole,  in  hia  luual  oflf-hand  muiner,  loaea  not,  in  alluding  to  it,  tbe 
opportunitjof  displaying  hlfl  own  dreadiulignormDoe  on  the  subject  (See  Chap.  11.  Sect.  II., 
where  this  mooument  has  been  examined.)  In  the  year  lost  named,  Jones  was  OEie  of  the 
commianoners  for  tbe  repair  of  old  St,  Paul's,  though  the  repoin  were  not  commenced  dll 
1633,  in  which  year  Laud,  then  Bishop  of  London,  laid  the  first  stone,  oud  Inigo  Jones 
the  Ihurtfa.      Our  architect  was  now  too  much  disinclined' to  Gothic  to  bend  his  genius  to 
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uijtliing  in  the  ihmpe  of  >  mtormtjnii ;  and  though  thr  Roman  portioo  which  he  placed 
befbrn  the  church  wu  magnificent,  the  application  of  Roman  to  Gothic  architecture  of 
course  ruined  the  cathedral.  Tlie  reader  will  find  a  reprcaentation  of  thii  portico  in 
Dugdale'i  SI.  FauTi.  Abatiactedly  conridered,  it  wu  a  fine  oorapodtioD  ;  and  its  dimen- 
siona,  of  a  length  of  300  ft.,  a  depth  of  50  ft.,  and  a  height  of  40  ft.,  were  calculated  to  give 
it  an  impoiing  eflect. 

45S.  The  Banqueting  Houae  at  Whitehall,  which  we  have  prtde  in  quoting  as  one  of 
the  moit  magnificent  works  in  Europe,  hu  generall)'  been  luppoaed  to  bare  been  erected  in 
the  reign  of  Charles  I.i  but  there  is  auffioient  rouon  for  asdgning  the  period  of  its  eieeution 
to  the  preceding  reign.  It  was  begun  in  1619,  and  fitiiihed  in  two  jean.  The  designs 
ftir  the  palace  of  Whitehall,  whereof  Jif.  SOT.  at  the  fiiol  of  the  preceding  page,  eiliibils  a 
block  plan,  on  which  the  banqueting-houM  (at  A),  it  will  be  aeen.  forms  a  very  inoonu- 
derable  portion,  would,  had  they  been  executed,  hare  formed,  beyond  all  comparisoo,  the 
finest  in  the  world.  In  magnitude  it  would  hare  exceeded  e>en  the  palace  of  DioeletiarL 
The  form,  as  will  be  observed,  was  an  oblong  square,  and  conustcd  of  seven  oourti,  whereof 
•ii  srere  quadrangular.  The  central  one  was  larger  than  the  other  two  chief  divinoosi 
and  these  were  again  subdivided  into  three  courts,  the  centre  one  of  which,  on  the  north 
aide,  had  two  galleries  with  arcades,  and  that  on  the  south  a  circular  Persian  court,  as  it 
was  called,  whose  diameter  was  SlOft.  Surrounded  on  the  ground  floor  hy  an  open 
arcade,  the  piers  between  the  arches  were  decorated  with  figures  of  Persians,  with  vrbat 
propriety  it  is  useless  to  discuss ;  and  the  upper  story  was  ornamented  between  each 
window  with  caryatides,  bearing  Corinthian  capitals  on  their  heads,  surmounted  by  an 
enublature  of  that  order,  and  the  whole  iras  finished  by  a  balustrade.  Towards  West- 
minster, the  ftoat  eitended  llSSft.;  and  that  towards  the  park,  in  which  the  length  of 
the  banqueting- hoiLse  is  inoluded,  would  have  beoi  790  ft.  With  the  exception  of 
Westminster  Hall,  the  banqueting-house  (now  used  as  a  chapel)  is  the  largeat  room  in 
EogUnd,  its  length  being  115  ft.,  breadth  60ft.,  and  height  55  ft. 

459.  In  I6S3,  Jones  was  employed  on  Somerset  House,  to  the  garden  front  whereof  he 
executed  (JIf.  308.)  a  &{ade  of  dngular  beauty,  loal  to  the  world  hy  ita  demolition  on  the 


rebuilding  of  the  edifice  for  its  present  purposea.  On  the  aacent  of  Charles  I.  to  the 
throne,  our  architect  seems  to  have  been  very  much  employed.  As  surveyor  of  the  publii; 
buildings,  his  stipend  wm  Si.  id.  a  day,  besides  an  allowance  of  461  per  annum  for  house- 
rent,  a  clerk,  and  incidental  expenses. 

460.  In  the  passion  for  masques  which  prevuled  during  the  r«gn  of  Charlea  I.,  Jones  was 
a  prinnpal  contributor  to  their  splendour.  They  had  been  introduced  into  this  country  hy 
Anne  of  Denmark  ;  and  Walpole  gives  a  list  of  thirteen  to  which  he  ftimiahed  the  scenes 
and  machinery. 

461.  Those  that  have  seen  Wilton  can  appreciate  Tnigo^s  merit  for  having  introduced  into 
England,  in  tl)e  seats  of  our  aristocracy,  a  style  vying  with  that  of  the  villas  of  Italy. 
Some  disagreement  appears  to  have  arisen  between  bun  and  Philip  Earl  of  Femhioke, 
which  here  it  would  be  irrdevant  to  dweU  on ;    we  will  merely   mention  that  in  the 

longed  to  the  nobleman 
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poMf  Of  with  noteo,  not  on  the  (ubtUoce  of  tfae  work  itiel^  but  on  it*  lutbor,  and  anything 
die  Uut  could  be  iiOuiioiu.  He  ckUb  him  "  Iniquity  Joaet,"  »nd  nji  be  had  16,000/. 
m  f«ai  for  keeping  the  king'i  boueei  in  repair.  The  eennire*  were  undeierved  ;  and  the 
aoeuHtioni,  UDirananted  by  Acts,  are  eitlemely  diicreditabU  to  the  memory  uf  Earl 
Philip. 

46S.  Ilic  worka  oT  Jonei 
were  exceedingly  numerous  j 
many,  bowerer,  are  awgned  to 
him  which  wen  the  productiona 
of  hit  acbolan.  Such  buildings 
a*  Ch«  Queen'i  home  at  Green- 
wich (much  altered,  and,  indeed, 
apoiled,  of  late  yeara,  for  the  pur- 
poae  of  turning  it  into  k  public 
naial  ichool);  Cotahill,in  Betk- 
■fain,  built  in  1650;  SbaAei- 
btiry  Houie,  in  Alderagate 
Street ;  the  square,  aa  plaonedp 
of  COTent  Garden ;  and  many 
other  works,  are  strong  proofi  of 
the  adTSncenienl  of  architecture 
during  his  career.  York  Stairs 
(_fy.  S09.  ^,  another  of  his  exam. 
ple>,  eibibiti  a  purenos  and 
propriety  of  character  which 
•ppean  to  haye  been  afterwards 
tmapprecioted  by  his  successors, 
fif.  t«.  isH  nuH.  with  Wreu  at  their  bead,  whose 

mention  by  the  side  of  Jones  is 
only  JnMified  by  the  scientific  and  constructive  skill  he  posscmcd. 

163.  Jones  wss  a  fbllower  of  the  Venetian  school,  wluch  we  bave  described  in  a  prerious 
section.  His  respect  fiir  Palladio  is  erinced  by  the  nrcumatance  of  a  copy  of  that  great 
roaster's  works  being  his  companion  on  his  travels  through  Italy.  It  is  Hlled  with  his 
•atograph  notei,  and  is  now  d^nsited  in  the  library  of  Worcester  College,  Oifbrd.  Lord 
Burlington  had  a  Vitruvius  noted  by  him  in  a  sinuiar  manner.  It  is  curious  to  sec  the 
amateurs  and  pseudo- critics  of  the  present  day  decry  these  two  authors,  whom  Jon««,  a 
genius  of  the  first  order,  thought  his  best  instructors.  The  class  in  question  are,  however, 
no  longer  considered  worthy  of  being  listened  to  on  matters  of  the  art  e  and  the  public 
taste  is,  in  this  respect,  turning  once  more  into  the  proper  channel.  Palladian  architecture, 
thus  introduced  by  Jones,  would  have  reached  a  ^lendour  under  Charles  I.  perhaps  equal 
to  that  which  Italy  can  boast,  had  not  lis  progress  been  checked  by  public  calamitiea,  in 
which  it  was  the  lot  of  the  artist  to  tbare  the  misfortunes  of  his  royal  master.  In  addition 
to  beiuK  the  fiivourite  of  tbe  king,  he  was  a  Roman  Catholic  ;  and  for  this  (ss  it  was  then 
eurioudj  called)  delinquency,  he  had  to  pay  545JL  in  the  year  1646.  Grie^  misfortunes, 
and  a  consequent  premsture  old  age,  terminated  tbe  life  of  this  great  man  it  Somerset 
House  on  the  aist  of  July,  1651. 

464.   The  plans  of  houses  introduced  from  Italy  by  this  matter  were  not,  perhaps  alto- 

'    "-      'the  English.    One  of  hit  greatest  bolts  was  that  of 

BOces  in  which  it  could  not  be  attained.  Thus,  his 
acrificed  to  the  show  and  effect  resulting  from  a  hall  or  a  sturcase,  or 
both  ;  sometimes,  to  gain  the  appearaiDce  of  a  vista  of  apartments,  they  were  made  too  small 
for  the  scale  of  tbe  house.  Hit  dittribution  of  windows  is  purely  Italian,  and  the  piers 
between  them  consequently  too  large,  to  tbat  the  light  is  occauonally  insufGdent  in 
quantity.  The  habits  of  Italy,  which  enabled  Palladio  to  raise  his  principal  floor,  and  to 
have  the  Earm  offices  and  those  for  the  vintage  in  the  aame  range  of  building  aa  the 
maoBon,  impart  an  ur  of  great  magnificence  to  the  Italian  viUs.  Jones  taw  that  this 
arrangement  was  not  required  for  English  convemence,  and  therefore  avoided  tbe  Palladian 
practice  ;  "  but,"  saya  Mitford,  "  the  arehiteeta  who  fblloved  him  were  danlui,  or  danled 
their  employers.  To  tack  the  winga  to  the  centre  with  a  colonnade  became  a  phraee  to 
eiprcaa  the  purpose  of  plan  of  the  most  elegant  effect  ;  and  the  effect,  provided  tbe  com- 
bination be  harmonious,  will  be  el^ant ;  but  the  arrangement  ia  very  adverse  to  general 
eonvefiienoe,  and  etpecislly  in  the  moderate  scale  of  most  general  use.  Where,  great 
qilendoar  it  tlie  object,  eontentenee  mutt  yield  to  it.  Magmficence  must  be  pud  for  in 
eonvenietiee  at  well  aa  money. "  Webb  and  Carter  were  tbe  pupila  of  Jones.  The  former 
will  flimish  ua  pnsently  with  a  few  remarks.  During  the  time  of  the  Commonweslth,  the 
bittory  of  architecture  in  thia  country  ia  a  complete  blank.  We  know  of  no  public  work 
of  eomeqacnec  that  waa  designed  or  eiecuted  in  the  interr^num.      On  the  rsatoration  at 
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the  nKHUTObj,  bOVerer,  the  art  began  to  reviTe ;  but  it  wu  macb  tmetured  with  the 
conlempowj  French  itjle*  which  Lord  Burlingtxnit  on  its  mippeanjice  nun;  jisn  lAer- 
wanlft  had  the  merit  of  refonniDg,  and  of  bringing  back  the  public  taatc  to  the  purity 
wbicb  Jonca  had  introduoed :  but  thia  we  ihall  have  to  notice  hereafter, 

465-  John  Webb  vaa  the  nephew  aa  well  as  scholsr  of  Inigo  Jones,  vhoee  onlj  daughter 
be  married.  He  built  a  large  seat  for  the  Bromley  &mily  at  Honeheeth,  in  Cambridgeshire  i 
and  added  a  portico  to  the  Vine,  in  Hampshire,  for  Challoner  Chute,  the  Speaker  to 
Riebard  CroawcU's  parliMnmit    Ambrertnii;,  in  WUuhtre  (jV-  310.),  wm  only  executed 


by  bim  from  the  deugns  of  his  master,  as  also  the  east  side  of  the  court  of  Greenwich 
HospitaL  Captun  William  Winde,  »  uatiTe  of  Bergen-op-Zoom,  and  pupil  to  Sr  Baltbaiar 
Gerhier,  was,  soon  after  the  Restoration,  In  eonadentble  employ  as  an  architect.  He  built 
Cliefden  House,  Bucks,  which  was  destroyed  by  fire  in  IT95  ;  the  Duke  of  Newcastle's,  in 
Lincoln's  Inn  Fields  ;  Combe  Abbey,  Warwickshire,  for  Lord  Craven  ;  and  for  the  same 
peer  he  finished  Hempsted  Marshall,  which  had  been  begun  by  his  master.  But  the  chief 
and  best  work  of  Winde  was  Buckhighsm  House,  in  St.  James's  Park,  on  whose  nte  now 
stands  a  palace,  larger,  indeed,  but  unworthy  to  be  its  successor.  It  is  known  from  prints, 
and  not  a  few  of  our  readers  will  probably  recollect  the  building  itself.  It  was  erected  lor 
Jjihn  Sheffield,  Duke  of  Buckinghsm  ;  and  on  its  fiieie  was  the  inscription  "  sic  sm 
LfTAHTDK  Liass."  Hie  arrears  in  the  payments  lor  this  bouse,  according  to  an  anecdote 
in  Walpole,  were  to  distressing,  that  when  it  wag  nearly  finished,  "  Winc^  bad  enticed  bis 
Grace  to  mount  upon  the  leads  to  e^joy  the  grand  pmqiect.  When  there,  he  coolly  locked 
the  tr^-door,  and  threw  the  key  to  the  ground,  addrMsing  bis  astonished  patron,  ■  I  am 
a  ruined  man,  and  unless  I  hare  your  word  of  honour  that  the  debts  shall  be  pud,  1  will 
instantly  throw  myself  over. '  '  And  what  is  to  become  of  me,*  said  the  duke  ?  ^  You  shaU 
oome  along  with  me-'  The  promise  was  given,  and  the  trap-door  opened  (upon  a  sign 
made)  by  a  workman  in  the  secret,  and  who  was  a  puty  to  the  plot."  We  do  not  vouch 
tbi  the  tnitb  of  the  tale- 

■K6.  An  architect  of  the  name  of  Marah  is  sud,  by  Vertue,  to  have  designed  the  additional 
building!  at  BoUoier,  as  also  to  have  done  some  connderable  works  at  NottiuKham  Caille ) 
and  Salmon,  in  his  seoount  of  Essex,  mentions  •  Doctor  Morecroft,  who  died  In  167T,  u 
tbe  architect  of  the  manor-bouse  of  Fitiwaltert.  Of  the  works  of  the  French  tule  about 
the  middle  of  the  period  under  disciunon,  a  better  nation  cannot  be  obtained  than  from 
Montague  House,  now  the  British  Museum  {Jig.  311.),  the  work  of  ■  Frenchman  here 
whose  example  had  foUowers  i  indeed.  Wren  binueUI  in  some  of  hit  works,  has  caught  the 
vices  of  the  French  school  of  the  day,  though  be  was  a  follower  of  the  Venetian  and  Bomaa 
schools-  The  fire  which  destroyed  London  in  1666,  a  few  yean  after  die  death  of  Jones, 
brought  into  notice  the  talents  of  Sr  Christopher  Wren,  whose  career  wat  opened  under 
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the  reign  of  Chulei  II.  "  The  length  of  his  life  eoriched  the  reigna  of  several  princej  uid 
diigracpd  the  last  of  them."  (At  the  advanced  age  of  S6  he  was  removed  by  George  I.  from 
theofficeof  SurreyarCenend.)  "A  variety  of  knooiedge  proclaim!  the  universality,  a  mul- 
lip[icity  of  works  the  abundance,  St.  PsuI'b  the  greatnrss,  of  Sir  ChriWipher'i  genius.  I'he 
noblest  temple,  the  largest  palace,  the  most  itupendous  hospital,  in  such  a  kingdom  as 
Britain,  are  all  works  of  the  lame  hand.  He  restored  London  and  recorded  its  liJl."  As 
the  bout  of  England  is  the  Cathedral  Church  of  St.  I'aul,  it  will  be  neeessary  to  dweU  a 
little  on  a  docription  of  it. 

467.  The  larger  portion  of  this  cathedral  stands  on  put  of  the  site  of  the  old  one,  as 
shown  by  ibeanneieddiigrunCjfff.  313,),  which  alto  enhibili  their  comparative  aius.     It  ii 


copied  from  a  drawing  by  Sir  Christopher  in  the  library  of  All  Souls  College  at  Oifbrd. 
The  instructions  to  the  surveyor,  according  to  the  compiler  of  the  Parenlalia,  were  —  "to 
contrive  a  bbric  of  moderate  bulk,  but  of  good  proportion ;  >  convenient  quire,  with  a 
lotibule  and  ponicoeo,  and  a  dome  conspicuous  above  the  houses :"  and  in  confbrmity  with 
them,  a  design  was  mode  which,  from  v    ' 


observes,  that  "  he  endeavoured  to  gratify  the  U 
eoDoouHun  and  cnticks  with  something  colon  and  beautitiil,  with  a  design  a 
weD  studied,  eonftvmable  to  the  best  style  of  the  Creek  and  Roman 


d  made  Irom  this  design  ii  still  preserved  in  the  cathedral.  This  however  wu,  unToii- 
lunatcly,  not  approved,  and.  0*  our  informant  continues,  "the  surveyor  then  turned  his 
thoughts  to  a  cathedral  form,  so  altered  as  to  reconcile  as  near  as  passible  the  Gothic  to  a 
better  manner  of  architecturo,"  Thete  last  designs  were  approved  by  Charles,  who  issued 
hia  warrant  under  privy  seal  on  the  1st  of  May,  167  J,  for  the  enecution  of  the  works. 

46B.  Much  trouble  was  experienced  in  removing  the  immense  ruins  of  the  old  church,  for 
the  destmctian  whereof  recoune  was  hod  to  many  expedients.  On  the  tMrth  ude.  the  fbunda- 
bocis  are  placed  upon  a  stratum  of  hard  pot  earth  about  6  Fl.  in  thicknes^  but  not  mora 
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than  4  ft.  thick  on  the  south  side ;  and  upon  this  stratum,  from  the  experience  of  the  old 
church  having  firmly  rested,  the  architect  wisely  determined  to  place  the  new  one.  The 
work  was  commenced  on  the  western  side,  driving  eastward  to  the  extremity  of  the  site ; 
at  which,  on  the  northern  side,  a  pit  was  discovered  whence  the  hard  pot  earth  had 
been  extracted,  and  the  vacuity  so  made  filled  up  with  loose  rubbish.  The  length  -of  this 
hole  in  the  direction  of  the  foundation  was  not  more  than  6  or  7  ft.,  and  from  the  fear  of 
piles,  if  driven,  becoming  rotten,  the  surveyor  determined  to  excavate  through  the  sand, 
and  to  build  up  from  the  stratum  solid  for  a  depth  of  40  ft.  The  pit  sunk  here  was  18  ft. 
wide;  in  this  he  built  up  a  pier,  10 ft.  square,  till  it  rose  to  within  15  ft.  of  the  present 
surface.  At  this  level  he  introduced  an  arch  from  the  pier  to  the  main  foundation,  and  on 
this  arch  the  north-eastern  quoin  of  the  choir  is  founded. 

469.  On  the  Slst  of  June,  1675,  the  first  stone  was  laid ;  and,  within  ten  years,  the  walls 
of  the  choir  and  its  side  aisles,  and  the  north  and  south  circular  porticoes,  were  finished ;  the 
piers  of  the  dome  also  were  brought  up  to  the  same  height.  The  son  of  the  architect  laid 
the  last  stone  in  1710.  This  was  the  highest  stone  on  the  top  of  the  lantern.  Thus  the 
whole  edifice  was  finished  in  thirty-five  years,  under  the  remarkable  circumstances  of  having 
only  one  architect,  one  master  mason  (Mr.  Strong),  and  the  see  being  occupied  the  whole 
time  by  one  bishop,  Doctor  Henry  Compton. 

470.  The  plan  of  St  Paul's  is  a  Latin  cross,  and  bears  a  general  resemblance  to  that  of 
St  Peter's.  A  rectangular  parallelogram,  480  ft.  from  east  to  west  (measuring  from  the 
top  of  the  steps  of  the  western  portico  to  the  exterior  of  the  eastern  wall  of  the  choir),  is 
crossed  by  another  parallelogram,  whose  extremities  form  the  transepts,  250  ft.  in  length 
from  north  to  south.  At  the  eastern  end  of  the  first  parallelogram  is  a  hemicylindrical 
recess,  containing  the  altar,  and  extending  20  ft.  ftirther  eastward ;  so  that  the  whole  length 
is  500  ft.,  exclusive  of  the  flight  of  steps.  At  the  north  and  south  ends  of  the  transepts 
are  porticoes,  segmental  on  the  plan,  and  projecting  20  ft  The  centre  of  the  intersection 
of  the  parallelograms  is  280  ft.  from  the  western  front.  The  width  of  each  parallelc^am 
is  125  ft.  At  the  western  end  of  the  edifice,  on  the  north  and  south  extremities,  are  towers 
whose  western  fiwes  are  in  the  same  plane  as  the  general  front,  but  whose  northern  and 
southern  fitces  respectively  project  about  27  ft.  from  the  walls  of  the  aisles  of  the  nave ;  so 
that  the  whole  width  of  the  western  front  is  about  180  ft.  In  the  re-entering  angles  on 
each  side,  between  the  towers  and  the  main  building,  are  two  chapels,  each  50  ft.  long  and 
20  ft.  broad,  open  to  the  aisles  of  the  nave  at  their  western  end.  Externally  two  orders 
reig^  round  the  building.  The  lower  one  Corinthian,  standing  on  a  basement  10  it.  above 
the  level  of  the  ground,  on  the  western  side,  where  a  flight  of  steps  extending  the  whole 
breadth  of  the  front,  exclusive  of  the  towers,  leads  to  the  level  of  the  church.  The  height 
of  this  order,  including  the  entablature,  is  50  ft. ;  and  that  of  the  second  order,  which  is 
composite,  is  one  fifth  less,  or  40  ft. ;  making  the  total  height  100  ft.  from  the  ground  to  the 
top  of  the  second  entablature.  The  portico  of  the  western  frY>nt  is  formed  with  the  two 
orders  above  mentioned,  the  lower  story  consisting  of  twelve  coupled  columns,  and  the 
upper  one  of  eight ;  which  last  is  surmounted  by  a  pediment^  whose  tympanum  is  sculp- 
tured with  the  subject  of  the  Conversion  of  St.  Paul,  in  pretty  hi^  r^ef.  Half  of  the 
western  elevation,  and  the  half  transverse  section,  is  given  in  Jig,  213.  At  the  northern 
and  southern  ends  of  the  transepts  the  lower  order  is  continued  into  porticoes  of  six  fluted 
columns,  standing,  in  plan,  on  the  segment  of  a  circle,  and  crowned  with  a  semi-dome  abut- 
ting against  the  ends  of  the  transepts. 

471.  The  porch  of  the  western  front  is  50  ft.  long  and  20  ft.  wide :  the  great  doorway, 
being  in  the  centre  of  it,  leads  to  a  vestibule  50  ft.  square,  at  whose  angles  are  four  piers 
connected  at  top  by  semicircular  arches,  under  which  are  placed  detached  coupled  columns 
in  front  of  the  piers.  The  body  of  the  church  is  divided  into  a  nave  and  two  side  aisles, 
decorated  with  pilasters  supporting  semicircular  arches ;  and  on  each  side  of  the  porch  and 
vestibule  is  a  passage  which  leads  directly  to  the  corresponding  aisles.  The  choir  is  similarly 
disposed,  with  its  central  division  and  side  aisles. 

472.  The  entrances  from  the  transepts  lead  into  vestibules  25  ft.  deep,  and  the  whole 
breadth  of  the  transept  in  length,  each  communicating  with  the  centre  by  a  central  passage 
and  its  aisles  formed  between  two  massive  piers  and  the  walls  at  the  intersections  of  the 
transepts  with  the  choir  and  nave.  The  eight  piers  are  joined  by  arches  springing  from 
one  to  the  other  so  as  to  form  an  octagon  at  their  springing  points,  and  the  angles  between 
the  arches,  instead  of  rising  vertically,  aail  over  as  they  rise  and  form  pendentives,  which 
lead,  at  their  top,  into  a  circle  on  the  plan.  Above  this  a  wall  rises  in  the  form  of  a  trun- 
cated cone,  which,  at  the  height  of  168  ft.  from  the  pavement,  terminates  in  a  horixontal 
cornice,  firom  which  the  interior  dome  springs.  Its  diameter  is  100  ft.,  and  it  is  60  ft.  in 
height,  in  the  form  of  a  paraboloid.  Its  thickness  is  18  in.,  and  it  is  constructed  of  brick- 
work. From  the  haunches  of  this  dome,  200  ft  above  the  pavement  of  the  church,  another 
cone  of  brickwork  oommenoes,  85  ft.  high,  and  94  ft.  diameter  at  the  bottom.  This  cone 
is  pierced  with  apertures,  as  well  for  the  purpose  of  diminishing  its  weight  as  for  distri- 
buting light  between  it  and  the  outer  dome.    At  the  top  it  is  gathered  into  a  dome,  in  the 
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fbrin  of  ■  hjpcrboloul,  pierced  neu  the  vertei  vitb  an  aperture  IS  ft.  in  diuneter.  He 
top  of  thii  cone  ii  585  ft-  ftom  the  pavement,  and  csrrjcn  a  lantern  55  ft.  higli,  terminating 
in  a  dome,  whereon  a  ball  and  crosa  is  railed.  The  lasl-nimed  cone  ia  provided  with 
mrbelii.  nifficient  in  number  to  receive  the  hammer  beams  of  the  external  dome,  which  ii 
of  oak,  and  it*  baie  290  ft.  frcnn  the  pavement,  iu  lummit  being  level  with  the  top  o(  the 
cone.  In  form,  it  ii  ncarW  hemiapherieal,  and  generated  by  radii  St  ft.  in  length,  whoae 
centres  are  in  a  horiiontal  diameter,  pasaing  through  Its  base.  The  eone  and  the  interior 
d«ne  are  resCTaiaed  in  their  lateral  thruat  on  the  lupporti  by  four  tiers  of  atrong  iron 
chains,  placed  in  grooves  prepared  for  their  reception,  and  run  with  lead.  The  loweal 
of  these  is  inserted  in  the  masonry  round  their  conunon  bue,snd  the  other  three  at  different 
bngbta  on  tbe  exterior  of  the  cone.  Eitemally  the  intervali  of  the  columns  and  pilasters 
are  occupied  by  windows  and  niches,  with  horiiontal  and  semicircular  heads,  and  crowned 
with  pediments.  In  the  lower  order,  excepting  modillions  under  the  corona,  the  entabla- 
ture is  quite  plain,  B5id  there  are  also  console  modillions  in  the  upper  order.  Tie  edifice, 
in  three  direMiona,  is  terminated  with  pediment  roofs ;  and  at  tbe  extremities,  on  each  of 
those  beta,  are  aeroteria,  supporting  statues  35  ft.  above  the  roof  of  the  edifice.  Over  the 
inlcrscctioa  of  tbe  naie  and  transepts  for  the  external  work,  and  for  a  height  of  £5  ft.  above 
the  roof  of  the  church,  a  cylindrial  wall  rises,  whose  diameter  is  1 46  tt.  Between  it  and 
the  lower  conical  wall  is  a  space,  but  at  intervals  tbey  are  connected  by  cross  walls,  Tb,a 
cylinder  is  quite  plain,  but  perforated  b;  two  courses  of  rectangular  apertures.  On  it 
stand*  a  perUljIe  of  thirty  columns  of  the  Corinthian  order,  40  ft.  high,  including  bases 
and  capitals,  with  a  plain  entablature  crowned  by  a  balustrade.  In  this  peristyle,  every 
fourtfa  iotercoluninistion  is  filled  up  toUd,  with  a  niche,  and  connection  is  provided  between 
it  and  the  will  of  the  lower  cone.  Vertically  over  tbe  base  of  that  cone,  above  the 
peristyle,  rises  another  cylindrical  wall,  g^peoring  above  the  balustrade.  It  is  ornamented 
witfa  pikasteis,  between  which  are  two  tier*  of  rectangular  windows.  From  this  wall  the 
eitrtnal  dome  springs.  As  will  be  seen  by  reference  to  the  section,  the  lantern  which  we 
have  beftne  noticed  receives  no  support  from  it.  It  it  merely  omomental,  diSering  entirely 
in  that  respect  from  tbe  dome  of  St.  Peter's. 

473.   The  towers  in  tbe  western  front  oie  390  ft.  high,  terminating  in  open  lanterns. 
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474.  The  interior  of  the  nave  and  choir  arc  each  designed  vrith  three  arches  longitu- 
dinally springing  from  piers,  strengthened,  as  well  as  decorated,  on  their  inner  fiices,  by  an 
entablature,  whose  cornice  reigns  throughout  the  nave  and  church.  Above  thb  entabla- 
ture, and  breaking  with  it  over  each  pilaster,  is  a  tall  attic  from  projections,  on  which 
spring  semicircular  arches  which  are  formed  into  area  doubleaux.  Between  the  last  pen- 
dentives  are  formed,  terminated  by  horizontal  cornices.  Small  cupolas,  of  less  height  than 
their  semi-diameter,  are  formed  above  these  cornices.  In  the  upright  plane  space  on  the 
walls  above  the  main  arches  of  the  nave,  choir,  and  transepts,  a  derettoiy  is  obtained  over 
the  Attic  order,  whose  form  is  generated  by  the  rising  of  the  pcndentives.  The  inner 
dome  is  plastered  on  the  under  side,  and  painted  by  Sir  James  Thornhill,  with  subjects 
relating  to  the  history  of  St.  Paul. 

475.  For  external  elegance,  we  know  no  church  in  Europe  which  exhibits  a  cupola 
comparable  with  that  of  St.  Paul's,  though  in  its  connection  with  the  church  by  an  order 
higher  than  that  below  it  there  is  a  violation  of  the  laws  of  the  art  The  cost  of  die  church 
was  736,752/.,  exclusive  of  the  stone  and  iron  enclosures  round  it,  which  cost  11,202/. 
more;  in  all  747,954/.  About  nine-tenths  of  that  sum  were  raised  by  a  tax  on  coals  im- 
ported into  London.  As  compared  with  St.  Peter*s,  we  subjoin  a  few  of  the  principal  di- 
mensions of  the  two  churches. 


Direction  of  Measure. 

St.  Peter's  in  En. 
glisli  Feet. 

St.  Paul's  in  En- 
gllsh  Feet. 

Bzcess  oftlie  former 
In  Feet. 

Length  within 

669 

500 

169 

Breadth  at  entrance     • 

226 

100 

126 

Principal  fiifade 

395 

180 

215 

Breadth  at  the  cross     - 

442 

223 

219 

Cupola,  clear  diameter 

139 

108 

31 

Cupola,  height  of,  with  lantern 

432 

330 

102 

Church  in  height 

146 

110 

36 

476.  If  we  suppose  sections  to  be  made  through  the  transepts  of  the  four  principal 
churches  of  Europe,  we  have  their  relative  sizes  in  the  following  ratio :  — 

St.  Peter's,  Rome  -             -             -             -             -             -             -  1  -0000 

Santa  Maria  del  Fiore,  at  Florence              ....  '5358 

St.  Paul's,  London              -             -             -             -             -             -  '4166 

St.  Genevieve  (Pantheon),  Paris     ....             -  -3303 

477.  Notwithstanding  its  imposing  effect  as  a  whole,  and  the  exhibition  in  its  construc- 
tion of  a  mechanical  skill  of  the  very  highest  order ;  notwithstanding,  also,  the  abstract 
beauty  of  the  greater  number  of  its  parts,  it  is  our  duty  to  observe  that  many  egregious 
abuses  are  displayed  in  the  &bric  of  St.  Paul's,  the  first  and  greatest  whereof  is  the  great 
waste  of  interior  effect  as  compared  with  the  total  section  employed.  If  we  suppose,  as 
before,  sections  from  north  to  south  to  be  made  through  the  transepts  of  the  four  prin- 
cipal churches,  the  following  table  will  exhibit  the  proportion  of  their  clear  internal  to  their 
external  areas :  — 


St.  Peter's,  Rome  - 

Santa  Maria  del  Fiore,  Florence 

St.  Paul's,  London 

St.  Genevieve  (Pantheon),  Paris 


-  8,325  :  10,000 

-  8,855  :  10,000 

-  6,865  :  10,000 

-  6,746  :  10,000 


Whence  it  is  seen  how  highly  in  thb  respect  the  Duomo  of  Florence  ranks  above  the  others. 
The  defect  of  St.  Paul's  in  this  respect  is  mainly  induced  by  the  &\se  dome  ;  and  though 
we  may  admire  the  ingenuity  that  provided  for  carrying  a  stone  lantern  on  the  top  of  a 
truncated  cone,  deceitfully  appearing,  as  it  does,  to  stand  on  the  dome  from  which  it  rises, 
we  cannot  help  regretting  that  it  afforded  the  opportunity  of  giving  the  building  a  cupola, 
liable  to  the  early  attack  of  time,  and  perhaps  that,  more  to  be  dreaded,  of  fire. 

478.  In  the  skill  required  for  raising  a  building  on  a  minimum  of  foundation,  Sir  Chris- 
topher Wren  appears  to  have  surpassed,  at  least,  those  who  preceded  him.  In  similarly 
or  nearly  so  formed  buildings,  some  criterion  of  the  comparative  skill  employed  in  their 
construction  may  be  drawn  irom  comparing  the  ratio  between  the  area  of  the  whole  plan, 
and  that  of  the  sum  of  the  areas  of  the  horizontal  sections  of  the  whole  of  the  piers, 
walls,  and  pillars,  which  serve  to  support  the  superincumbent  mass.  The  similarity  of  the 
four  churches  already  compared  affords,  therefore,  a  criterion  of  their  respective  merits  in 
this  respect  We  hardly  need  say  that  one  of  the  first  qualifications  of  an  architect  is  to 
produce  the  greatest  effect  by  the  smallest  means.  The  subjoined  table  is  placed  before  the 
lieader  as  a  eompari^on  of  the  four  churches  in  reference  to  the  point  in  question. 
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Chunih. 

Whol.  Arm  In 
BDglUbFcM. 

Am  or  PDlnti  of 
Support. 

RiUo. 

St  Peter-.  >l  Roine      - 

Sto.  Maria  del  Kore,  FloKDce 

Sl  Faul-i,  London        ■ 

Sl  Gei>eTie>e(Pantheoa>  Puis 

827^9 
84308 

S4fl3S 
60,287 

S9.30S 
17.030 
14,311 

9,269 

1  :  0-961 

1  ;  0-201 

Tbe  merit,  tbenfbre,  thowa  in 

1 7,  Sft  S6,  or  iuierscly  proportional  to  the 

479.   We  miut  here  mention  one  of  thi 

wbich  tliii  church  exhibits,  and  which  niu> 


of  the  above  edificei  will  be  neart;  aa  I S, 
nben  in  the  last  column. 
Mt  unpardonable  ddecta,  or  rather  abuie*. 
learnt  from  reference  to  j!;.  214.    Thaisn  ii 


^ inorthenane: 

enoriDOUs  expense  of  tbe  second  or  up 
other  purpose  than  thai  of  concealing 
tbnutsof  tbe  vaults  oTthe  nave,  eboir 
It  is  an  architectural  fraud.  We  do  I 
and  abused,  such  as  vaulting 


i  it)  ude  aisles.      From  this  it  will  be  seen  that  tbe 

T  order  all  round  the  church  was  incurred  for  no 
c  flying  buttreesca  that  are  used  to  counteract  the 

jid  transepts,  —  an  abuse  that  admits  of  no  apology. 
I  think  it  necessary  to  descend  into  minor  deTect* 
"bt,  the  multiplicity  of  breaks. 


and  want  of  repose ;  the  general  disappearance  of  tie  and  connection,  tbe  piercing,  aj 
pnctised,  the  piers  of  tbe  cupola,  and  mitcring  the  arehiTolts  oT  its  great  arches,  and  the 
like,  because  we  think  nil  ihese  are  more  than  counterbalanced  by  the  beauties  of  the  edi- 
fice. We  cannot,  however,  Icaye  tbe  subject  without  observing  that  not  the  least  of  its 
merits  is  ita  freedom  fVom  any  material  settlement  tending  to  bring  on  premature  dilapida- 
tion. Ill  chief  ftilures  are  over  the  easternmost  arcb  of  the  nave,  and  in  the  north  transept, 
far  tbe  remedy  whereof  (the  latter)  the  architect  left  written  instructions.  There  are  also 
some  unimportant  failures  in  tbe  hannches  of  moat  of  the  flying  buttresses,  which  are 
scarcely  vorth  notice. 

4Sa  The  wretchedly  naked  appearance  of  the  interior  of  this  cathedral  a  a  disgrace 
neither  to  the  architect  nor  to  the  country,  but  to  the  clergy,  Terrick,  bithop  of  London, 
and  Potter,  arcbbiahop  of  Canterbury,  who  refused  to  sanction  its  decoration  with  pictures, 
gntuitously  profiered  by  artists  of  the  highest  reputation  :  and  this  after  tbe  cupoU  itself 
bad  been  decoisted.      Tbe  colour  of  the  sculpture  is  of  no  use  in  heightening  the  effect  of 


481.    Tbe  PanjOaiia 


^ription  of  the  tt 


walls  oft 


e  old 
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oatbedral  were  destroyed,  and  those  of  the  present  one  raised ;  which  should  be  read  by  all 
those  engaged  in  the  practice  of  architecture. 

489.  Wren,  having  lived  to  see  the  completion  of  St.  Paul's,  died  in  1 72S,  at  the  age  of 
9 1 ,  and  was  buried  under  the  fiibric,  "  with  four  words,"  aays  Walpole,  **  that  comprehended 
his  merit  and  his  fimie. 

•*SI  QUiERAS  MONUMENTUM  CIRCUMSPICE." 

48S.  It  will  be  impossible,  consistently  with  our  space,  to  describe  the  works  of  Sir  Chris- 
topher Wren.  One  upon  which  his  fiime  is  as  justly  founded  as  upon  St.  Paul*s  itself,  is 
St  Stephen's  Church  in  Wallbrook,  in  which,  on  a  plot  of  ground  80|ft.  by  59^11.,  he 
has  contrived  a  structure  whose  elegance  is  not  surpassed  by  any  (me  we  know  to  have 
been  rused  under  similar  restrictions.  The  church  in  question  is  divided  longitudinally 
into  five  aisles  by  four  ranks  of  Corinthian  columns  standing  on  pedestals ;  the  places  of 
four  columns  near  the  centre  being  unoccupied ;  the  surrounding  central  columns  form  the 
angles  of  an  octagon,  45  ft.  diameter,  on  which  arches  are  turned,  and  above  which,  by 
means  of  pendentives,  the  circular  base  of  a  dome  is  formed,  which  is  in  the  shape  of  a  seg- 
ment of  a  sphere,  with  a  Untem  thereon.  The  ceiling  of  the  middle  aisle  from  east  to 
west  is  vaulted  in  groins.  The  rest  of  the  ceiling  is  horuontal.  The  interior  of  St.  James*s» 
Westminster,  is  another  beautiftil  example  of  the  master,  though  recently  underrated  by 
an  ignorant  critic. 

484.  One  of  the  peculiarities  remarkable  about  Wren's  period  is  the  investment  of  the 
form  of  the  Gothic  spire  with  a  clothing  of  Italian  architecture,  by  which  die  modem 
steeple  was  produced.  If  any  example  could  reconcile  us  to  such  a  practice,  it  might 
be  found  in  that  of  Bow  Church,  another  of  Wren's  works,  which  rises  to  the  height 
of  1 97  ft.  from  the  ground,  the  sides  of  the  square  from  which  it  rises  being  32  ft.  6  in. 
There  are,  in  the  leading  proportions  of  thb  tower  and  spire,  some  extraordinary  examples 
in  relative  heights  as  compared  with  widths  sesquilaterally,  which  would  almost  lead  one 
to  suppose  that,  in  this  respect,  our  architect  was  somewhat  superstitious. 

485.  In  St.  Dunstan  in  the  East,  Wren  attempted  Gothic,  and  it  is  the  least  offensive 
of  his  productions  in  that  style.  It  is  an  elegant  composition,  but  wants  the  claim  to  ori- 
ginality.    St  Nicholas,  Newcastle,  and  the  High  Church,  Edinburgh,  are  its  prototypes. 

486.  The  Monument  of  London  is  original,  notwithstanding  columns  of  this  sort  had 
been  previously  erected.  Its  total  expense  was  8856/.,  and  it  was  commenced  in  1671» 
completed  in  1677.  The  height  is  202  ft. ;  hence  it  is  loftier  than  any  of  the  historical  co- 
lumns of  the  ancients.  The  pedestal  is  about  21  ft.  square,  standing  on  a  plinth  6  ft. 
wider.  The  lower  diameter  of  the  oolunm  on  the  upper  part  of  the  base  is  15ft.,  and  the 
shaft  incloses  a  staircase  of  black  marble,  consisting  of  345  steps.  It  was  fluted  after  the 
work  was  carried  up.  The  quantity  of  Portland  stone  whereof  it  is  composed  is  £8,1 96 
cubic  feet  The  Antonine  column  at  Rome  is  175,  and  that  of  IVajan  147  ft.  high.  That 
erected  by  Arcadius  at  Constantinople,  when  perfect,  was  of  the  same  height  as  that  last 
mentioned.  The  structure  of  which  we  are  speaking  loses  much  by  its  situation,  which 
has  neither  been  improved  nor  deteriorated  by  the  streets  consequent  on  the  rebuilding  of 
London  Bridge  :  and  thoueh  it  cannot  compete  with  the  Trajan  column  in  point  of  in- 
trinsic beauty,  it  is,  neverthuess,  an  exquisite  and  well-proportioned  work,  and  seems  much 
better  calculated  with  propriety  to  record  the  object  of  its  erection,  than  the  other  is  to  be 
the  momunent  of  a  hero.  In  these  days,  it  is  singular  to  see  that  no  other  mode  than  the 
erection  of  a  column  could  be  found  to  record  the  glorious  actions  of  a  Nelson.  Such  was 
the  poverty  of  taste  that  marked  the  decision  of  the  committee  to  whom  that  object  was  most 
improperly  entrusted. 

487.  Among  the  works  of  Wren  not  to  he  passed  without  notice  is  the  Library  of 
Trinity  College,  Cambridge.  It  is  one  of  his  finest  productions,  and  one  with  which  he 
himae^  was  well  satisfied.  It  consists  of  two  orders ;  a  Doric  arcade  below,  open  to  a 
basement  supported  by  columns,  which  hasa  flat  ceiling,  exceedingly  convenient  as  an  ambula*- 
tory,  and  itself  simple  and  well  proportioned.  The  principal  story  is  decorated  with  three- 
quarter  columns  of  the  Ionic  order,  well  proportioned.  From  their  volutes,  festoons  are 
pendent,  and  the  key-stones  of  the  windows  are  carved  into  cherubs'  heads,  &c.  This  ia 
the  elevation  towards  Nevill's  Court ;  that  towards  the  garden  has  three  Doric  doors  below, 
but  above  is  without  columns  or  pilasters  in  the  upper  stories.  W^ithout  ornament,  it 
is  not  the  less  graceful  and  imposing.  The  interior,  as  a  single  room,  is  designed  with  great 
grandeur  and  propriety. 

488.  We  cannot  further  in  detail  continue  an  account  of  the  works  of  this  extra- 
ordinary architect,  but  shall  now  proceed  to  submit  a  list  of  his  principal  works,  together 
with  a  catalogue  of  those  of  his  principal  churches  whose  estimates  exceeded  the  cost  of 
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Palace  at  Greenwieh,  for  Charles  II. 
Theatre  at  Oxford  .... 
The  Mtmument      .... 
Temple  Bar  .... 

St  PauPs  Cathedral  ... 

Library  at  Trinity  College,  Cambridge 
Campanile  at  Christ  Church,  Oxford 
Ashmolean  Lfibrary  ... 

Palace  at  Wiocheeter  ... 

College  of  Physicians  ... 

College  at  Chelsea  .... 
Pklaoe  at  Hampton  Court  .  .  - 

Towers  of  Westminster  Abbey 
Greenwich  Hospital  ^  .  . 

Oiurehes :  — 

AUhaUows  the  Great  ... 

Allhallows,  Lombard  Street 
St.  Andrew  Wardrobe         ... 
St  Andrew,  Holbom  ... 

St  Antholin  .... 

St  Bride    ..... 
Christ  Church,  Newgate  Streat 
St  Clement  Dane's  ... 

St  Dionts  Backchurch  ... 
St.  Edmund  the  King  ... 
St  Lawrence  Jewry  ... 

St  James,  GarUck  HiU       . 
St  James,  Westminster       ... 
St  Michael  Royal  .... 
St  Martin's,  Ludgate  ... 

St  Margaret,  Lothbury  ... 
St  Mary,  Somerset  ... 

St  Mary,  Aldermanbury  ... 
St  Mary  le  Bow  ... 

___ The  steeple 

St  Nichobs,  Coleabbey       . 

St.  OlaTe  Jewry     .... 

St  Peter,  ComhiU  .... 

St.  Swithin's,  Cannon  Street 

St.  Magnus,  London  Bridge 

489.  We  must  here  close  our  account  of  Wren.  Those  of  our  readers  who  desire  further 
information  on  the  life  and  works  of  this  truly  great  man  will  do  well  to  consult  the 
ParenlaUa,  or  Memoin  of  the  Family  of  the  Wrens,  compiled  by  his  son,  and  published  by  his 
grandson  Stephen  Wren.     FoL  Lond.  1750. 

490.  Among  the  architects  of  Wren*s  time,  there  was  a  triad  of  amateurs  who  would 
have  done  honour  to  any  nation  as  professors  of  the  art.  The  first  of  these  was  Henry 
Aldrich,  D.D.,  Dean  of  Christ  Church,  Oxford,  who  died  in  1710.  He  was  attached  to  the 
Venetian  school,  as  we  may  see  in  the  three  sides  of  Peckwater  quadrangle,  and  the  garden 
front  of  Corpus  Christ!  College,  a  fa9ade  which  for  correct  taste  is  not  surpassed  by  any 
edifice  in  Oxford.  The  second  of  these  amateurs  was  Dr.  Clarke,  one  of  the  Lords  of  the 
Admiralty  in  the  reign  of  Queen  Anne.  This  distinguished  amateur  sat  for  Oxford  in 
fifteen  seauons.  The  Library  of  Worcester  College,  to  which  he  bequeathed  his  valuable 
architectural  collection  of  books  and  MSS.,  was  from  his  design.  He  built  the  library  at 
Christ  Church.  The  third  was  Sir  James  Burrough,  Master  of  Caiiui  College,  Cambridge ; 
by  whom,  in  1703,  the  chapel  of  Clare  Hall  in  that  University  was  heautifblly  designed 
and  executed. 

491 .  We  now  approach  the  works  of  a  man  who,  whatever  some  have  thought  of  them, 
has  a  stronger  claim  on  our  notice  as  an  inventor  than  any  of  his  predecessors.  It 
must  be  anticipated  that  we  allude  to  Sir  John  Vanbrugh.  Upon  no  other  artist  has 
Walpole  ddivered  criticisms  more  unworthy  of  himself,  nor  is  there  any  one  of  whose 
genius  he  had  leas  capacity  to  appreciate  the  powers.  The  singular  mind  of  Vanbrugh 
was  distraeted  by  control :  his  buildings  are  the  result  of  a  combination  of  forms  and  anti- 
cipation  of  effects,  originating  solely  from  himself;  effects  which  none  before  had  seen  nor 
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contemplated.  Aa  >  wit,  he  wu  inferior  to  none  that  lerelled  iti  atufb  at  him,  and  hence 
hii  norel  Dompoiitions  in  architecture  became  among  the  proioaed  critiet  of  the  da]r  so 
much  the  more  an  object  of  deruion,  u,  in  their  puny  notiona,  hii  only  aagulable  pobt. 
Attaclicd  from  parly  feeling,  the  public  allowed  itielf  to  be  biaaaed  by  epigrami  and  amart 
Teneairom  the  pen>  of  Pope  and  Sw'itt;  and  wiien  the  former,  in  hii  fourth  BpiitlB,inallu- 
sion  to  Vanbrugh't  works,  eceUima, — 


30  vhola  mhtmurcd  CLUan 


be  little  thought  he  «u  leaving  to  porterity  a  record  of  bis  eonmmmate  i^ranee  of  art, 

aud  of  hia  total  iuensibility  to  grandeur,  in  all  that  reUtea  to  oompantion  m  architecture. 
49S.  The  opinion  of  Sir  Joahua  Reynoldi  <int  enlightened  the  public  upon  the  thitberts 
condemned  works  of  tbia  extraordinary  architect  "  I  pretend,"  says  Reynolds,  in  hii  fifth 
diacourae,  "to  no  skill  in  architecture.  I  Judge  now  of  the  sit  merely  M  ■  painter.  Whea 
I  apeak  of  Vanbrugh,  I  speak  of  him  merely  on  our  art.  To  apeak,  then,  of  Vanbrugb 
in  the  language  of  a  painter,  he  had  origmality  of  iavention,  he  understood  light  and 
shadow,  and  had  great  akill  in  composition.  To  support  hii  principal  Dbjeet,  he  produced 
his  wcond  and  third  groupa  of  masaei;  he  perfectly  understood  in  Ail  art  what  ia  most  dif- 
ficult in  ours,  the  conduct  of  the  backgrounds  by  which  the  design  and  inrention  is  (are) 
set  09"  to  the  greslest  adianlage.  What  the  background  is  in  painting  is  the  real  ground 
upon  which  the  building  is  erected ;  and  aa  no  architect  took  greater  care  that  his  work 
ihould  not  appear  crude  and  hard,  — that  is,  that  it  did  not  abruptly  start  out  of  the  ground, 
without  expectation  or  preparation,  —  this  is  the  tribute  which  a  painter  owes  to  aa 
architect  who  compoaea  like  a  painter."  The  testimony  of  Mr.  Pa^ne  Knight,  a  person  of 
a  taate  highly  reflned  and  cultivated,  in  his  Prineipia  of  Taitt,  u  another  eulogium  on 
the  worki  of  this  master.  And  again  we  haTe  the  concurrence  tber^  of  another  able 
writer  on  these  subjccla,  who,  though  frequently  at  variance  in  opinion  with  Mr.  Knight, 
thus  Gipressei  himself  in  his  £uiiy  on  Iht  Pieturuqu,  vol.  ii.  p.  SI  I.  :  "  Sii  }.  Reyitolds 
is,  J  believe,  the  first  who  has  dune  Justice  to  the  architecture  of  Vanbrugh,  by  ahowing  it 
was  not  a  mere  bntastic  style,  without  any  other  object  than  that  of  singularity,  but  that  he 
worked  on  the  principles  of  painting,  and  thathe  has  produced  the  most  painter-like  eOects. 
It  is  very  probable  that  the  ridicule  thrown  on  Vanbrugh'i  buildings,  by  some  of  the 
wittiest  men  of  the  age  he  hved  in,  may  have  in  no  slight  duree  prevented  Ul  eioellcacies 
IVom  being  attended  to ;  for  what  has  been  the  subject  of  ricGcule  will  seldom  become  the 
object  of  study  or  imitation.  It  appears  to  me,  that  at  Blenh^m,  Vanbrugh  DonceiTed  and 
executed  a  very  t>old  and  difficult  design,  that  of  uniting  in  one  building  the  beauty  and 
magnificence  of  the  GrecisA  architecture,  the  picturesqueneae  of  the  Gothic,  and  the  maa- 
sive  grandeur  of  a  castle  :  and  that,  in  spite  of  many  &u]tB,  for  which  he  was  very  juatly 
reproached,  he  has  formed,  in  a  style  truly  his  own,  and  a  well-combined  whole,  a  mansion 
worthy  of  a  great  prince  and  warrior.  **  Hia  first  pmnt  appears  to  have  been  roaa^vcneaSi 
aa  the  foundation  of  grandeur :  then,  to  prevent  the  mass  from  bmng  a  lump,  be  baa  made 
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Taiiotu  bold  iirojectioM  of  various  Iwghti,  which  »eeni  u  forwroondi  to  Ihe  main  buUd- 
iog ;  •nd,  l»»tlr,  hariiig  been  protwbly  atruck  with  ■  Variety  of  outline  aguiut  the  ikj  in 
in«ny  Gothk  and  other  ancient  buildings,  he  hu  ruied  on  the  top  of  that  part  where  the 
•lantinK  roof  begins  in  any  house  of  the  Italian  style,  a  number  oif  decorations  of  Tarious 
characten.  These,  if  not  new  in  themselves,  h«™,  at  least,  been  applied  and  combined 
inr  him  in  a  new  and  peculiar  nuumer,  and  the  union  of  them  gives  a  lurprising  splendour 
■nd  magmfieence,  u  well  as  variety,  to  the  sunmiit  of  that  princely  edifice.  The  study, 
dwrefbte,  not  the  imitation,  might  be  eitremety  serviceable  to  artists  of  genius  and  dis- 

I.  Vanbnigii'*  principal  woric  was  Blenheim  <whei«of  we  give,  in  figi.  SIS.  Mid  316., 


the  plan  and  principal  elevation),  ■  monunient  of  the  victories  of  Marlborough  raised  by  a 
eratdVil  nation.  Its  length  on  the  north  front  from  one  wing  to  the  other  it  348  ft.  The 
■Dtemal  dimeniioni  of  theLbrary  are  130  by  39  ft.  The  hill  is  perhaps  snuU  compared 
with  the  apartments  to  which  it  leads,  being  only  S3  ft.  by  ii,  and  60ft.  high. 

491.  The  execution  of  his  demgn  for  Cutle  Howard,  m  Yorlishire,  was  commenced  in 
1702,  and,  with  the  exception  of  the  west  wine,  was  completed  by  him.  The  design  possesses 
much  greater  simplicity  than  that  of  Blenheim.  There  is  a  portico  in  the  centre,  and  ■ 
cupola  of  considerable  h«ght  And  magnitude.  The  galleries,  or  wings,  are  fianked  by 
pavilions.  The  living  apartments  are  small  \  but  for  the  comfort  and  convenience  of  the 
house,  as  an  habitation,  many  improvements  have  been  made  since  the  time  of  Vanbrugh 

495.  At  Easthury,  in  Dorse^hire,  he  built  ■  spacious  mansion  for  Mr.  Doddinoton. 
The  front  of  it,  vrith  the  offices,  extended  370  ft.  We  regret  to  say  that  it  was  taken  down 
by  the  first  Earl  Temple,  about  the  middle  of  the  last  century. 

49«.  King's  Weston,  near  Bristol,  erected  fbt  the  Honourable  Edward  Southwell.  A 
iHUtifiil  feature  in  the  house  is  the  groupio^  of  tbe  ehimneyt,  in  which  practice  no  artist 
has  surpaosed,  nor  perhaps  equalled,  him.  Tiiia  bouse  is  not,  however,  a  bvourable  spe- 
cimen of  our  architect's  powers. 

497.  In  the  front  which  he  executed  to  Grimsthorpe.  in  Lincolnshire,  be  indulged  him. 
self  in  an  imitation  of  Blenheim  and  Castle  Howard.  Tbe  baU  here  is  of  noble  dimen. 
siona,  being  1 10  ft.  in  length,  and  40  ft.  in  height,  surmounted  by  a  cupola. 

496.  CbBrleBHoward,thethirdEarlofCarlisle,Deputy  Earl  Marshal  in  1703,  appointed 
Vanbrugh,  Clarenceux  king  of  arms,  over  the  heads  of  all  the  heralds,  who  remonstrated, 
without  effect,  against  the  appointment.  The  cause  of  such  an  extraordinary  promotion  is 
snppoKd  to  have  had  its  origin  In  the  Earl's  satis&ction  with  the  works  st  Csstle  Hosrard. 
It  was,  however,  altogether  ui^ustillable,  for  Vanbrugh  was,  from  sll  accounts,  totally  ig. 
Doraal  of  heraldry.  He  held  the  situation!  of  surveyor  of  the  works  at  Greenwich  Hos- 
pital, comptroller  general  of  the  works,  and  surveyor  of  the  gardens  and  waters.  Though 
perhaps  out  of  place  in  a  liistory  of  architecture,  we  cannot  resist  the  opportunity  of  men. 
tioning  that  our  artist  was  a  dramatist  of  genius.  The  Relapse,  The  Provoked  Wife,  The 
Confrrderacy,  and  Maof,  according  to  Walpole,  will  outlast  his  edifices.  He  died  at 
Whitriiall,  March  Se.  1736.  Vanbrugh  can  hardly  be  said  to  have  left  a  legitimate  fol. 
lower ;  he  formed  no  school.  Archer,  indeed,  attempted  to  follow  him,  and  seems  the  only 
one  of  his  time  that  could  appreciate  Ihe  merit  of  bis  master.  But  he  was  too  fiir  behind 
him  to  justiJy  our  pausing  in  the  history  of  the  progress  of  British  architecture  to  say  more 
than  that  his  best  works  are  Heythrop,  and  a  temple  at  Wrest  St.  Philip's  Church  at 
Biimingham  is  also  fay  him.  "  A  chef  d'ceuvre  of  his  absurdity,"  says  Dallaway,  "was  the 
cburcfa  of  St.  John^s,  Westminster,  with  four  belfries,"  a  building  which  has  not  inaptly  been 
likened  to  an  elephant  on  his  bock,  with  his  four  legs  sprawling  in  the  air. 
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499.  Thou§:h  the  eiunple  of  Wren  wu  highly  beneficuil  to  fail  art,  ha  doet  not  ■eem  to 
haie  been  uiiioui  to  propigaM  hii  doctrines  b;  precept*,  fiir  he  had  but  one  pupil  who 
deterrea  a  lengthened  notice.  That  pupQ  wag  NlcbnUi  Hawknnoor,  vho,  at  the  age  of 
eighteen,  became  the  diuiple  of  Sir  Chriitopher,  "  under  whom,"  sayi  Walpole,  "  during 
life,  and  on  hii  ova  account  after  hia  maater^s  de*th,  he  was  oopcerned  in  erecting  many 
public  ediHcei.  Had  he  erected  no  other  than  the  chuivh  of  St.  Marj  Wcwinoth,  Losn- 
bud  Street,  hli  name  vould  have  deserred  with  gratitude  the  remembrance  of  all  Iotcts  of 
t\>a  ><4  Twi-  ..i..ii-..h  t>^m  .-..^Anti..  f.^  iKa  A.^.iifjg  ^f  Kiug  WillLun  Street)  been  unfbr- 
iocampetent  bungler  on  whom  the  patron- 
;•  the  fate  of  our  public  building!  in  thia 
a  tbe  diatributioti  and  decign  of  St.  Marj 
Woolnoth  is  not  more  than 
rivalled  hj  the  best  productiona 
of  hia  master  and  instructor. 
Wc  here  give,  In^ja.  817.  and 
S]8.,BluiIftection,eleTatioa,aDd 
plan  of  it.  Tt  waa  commenced 
in  I7IS,  and  finished  in  1TI9. 
Not  until  lately  was  it  seen  to 
advantage.  Lombard  Street,  in 
which  it  atUI  partly  standi,  waa 
narrow,  and  its  northern  eleva- 
tion, the  only  one  tilt  lately  pro- 
perly seen,  required,  from  its  as- 
pect, the  boldett  form  of  deUil  to 
give  it  eipression,  because  of  its 
being  conatantly  in  shade,  and 
therribre  experiencing  no  plaj 
of  light  except  such  ai  is  re- 
flected.    Thii  is  composed  with 

cated  niches,  each  standing  on  a 
ea,  which  are  repeated  in  the  intervals 
a  basement,  whose  openings,  ofcoursev 

correspond  to  those  above.    The 

coiated  with  Doric  column* 
on  pedestals,  and  the  top  of 
the  entablature  of  the  order  is 
level  with  the  springing  of  each 
oicbe  bead  running  through  on 
each  side,  to  as  to  foim  an  im- 
post. The  front  is  crowned 
with  a  block  eomiee,  continued 
■"      ■   T  Xf  round  the  building,  and  the  cen. 

m-iu.  nu. ..  .r.  nu.  mMwiT..  (ral  part  of  the  tionhem  front 

Is  surmounted  by  a  balustrade.  We  are  not  prepared  to  maintain  that  the  whole  of 
the  detuli  are  in  the  purest  taste;  but  the  masses  are  eo  extremely  picturesque,  and 
so  adapted  to  the  circumstances  of  the  aspect  and  situation,  that  their  fiiults  are  fbrgollen. 
Not  so  the  interior,  which  needs  no  apology.  It  is  a  combination  of  proportion^ 
whose  beauty  cannot  be  surpassed  in  any  similsr  eiample.  The  plan  is  nearly  a  square, 
whose  north-west  and  south.west  angles  are  truncated  at  angles  of  fbrly>five  degrees, 
lor  tbe  introduction  of  stain.  The  leading  lines  sro  an  inscribed  square  whose  ude* 
are  equal  to  two  thirds  of  the  intenul  width,  tbe  remaining  liith  on  each  nde  being 
assigned  to  the  intercolumniations  between  tbe  oolumiu  and  the  pilasters  on  the  in- 
ternal walls.  The  columns,  twelve  in  number,  are  placed  within  the  sides  of  the  inscribed 
square,  and  at  tbe  angles  are  coupled  at  intervals  of  one  diameter.  The  order  is  Coiinlliian  i 
the  columns  are  fluted,  and  crowned  by  an  enriched  entablature  one  quarter  of  their  height. 
The  space  thus  enclosed  by  the  columns  continues  in  a  clerestory  above,  pierced  on  the 
four  sides  by  semicircuUr  windoirs,  whose  diameters  are  equal  to  one  of  the  vride  interco- 
lumniations below.  The  height  of  this,  including  its  entablature,  is  one  bslf  that  of  the 
lower  order  ;   thus  with  its  i^destal,  making  the  total  height  of  tbe  eoitral  part  of  the 
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church,  equal  to  its  extreme  width.  A  sesquialteral  proportion  is  thus  obtained  in  section 
as  well  as  plan.  The  eastern  end  is  recessed  square  for  an  altar  piece,  and  arched  with  a 
semicircular  ceiling  enriched  with  caissons.  The  galleries  are  admirably  contrived,  and  in 
no  way  interfere  with  the  general  effect,  nor  destroy  the  elegance  and  simplicity  of  the 
design.  The  ceilings  throughout  are  horizontal,  and  planned  in  compartments,  whose 
parts  are  enriched.  As  regards  construction,  there  is  a  very  unnecessary  expenditure  of 
materials,  the  ratio  of  the  superficies  to  the  points  of  support  being  1:0*863.  Hawksmoor 
was  not  so  happy  in  the  church  of  St.  George*s,  Bloomsbury,  in  which  he  has  really  made 
King  George  I.  the  head  of  the  church  by  placing  him  on  tiie  top  of  the  steeple,  which  we 
roust,  with  Walpole,  term  a  master-stroke  of  absurdity.  But  many  parts  of  the  building 
are  highly  deserving  the  attention  of  the  student ;  and  if  the  commissioners  for  new  churches 
in  these  days  had  been  content  with  fewer  churches  constructed  solidly,  like  this,  instead  of 
noany  of  the  pasteboard  excrescences  they  have  sanctioned,  the  country,  instead  of  re- 
gretting they  ever  existed,  which  will  at  no  very  remote  period  be  the  case,  would  have 
owed  them  a  deep  debt  of  gratitude.  The  only  gratification  we  have  on  this  point  is,  that 
a  century,  and  even  less,  wUl  close  the  existoice  of  a  large  portion  of  them.  Hawknnoor 
was  deputy  surveyor  of  Chelsea  College  and  clerk  of  the  works  at  Greenwich,  and  in  that 
post  was  continued  by  William,  Anne,  and  George  I.,  at  Kensington,  Whitehall,  and  St 
James's.  Under  the  last  named  he  was  first  surveyor  of  all  the  new  churches  and  of  West- 
minster Abbey,  from  the  death  of  Sir  Christopher  Wren.  He  was  the  architect  of  the 
churches  of  Christ  Church,  Spitalficlds,  St  George,  Middlesex,  and  St  Anne,  Limehouse ; 
rebuilt  some  part  of  All  Souls,  Oxford,  particularly  the  new  quadrangle  completed  in  1 734, 
and  was  sole  architect  of  the  new  quadrangle  at  Queen's.  At  Blenheim  and  Castle 
Howard  he  was  associated  with  Vanbrugh,  and  at  the  last-named  place  was  employed  on 
the  mausoleum.  Among  his  private  works  was  Easton  Neston,  in  Northamptonshire,  and 
the  restoration  to  perpendicularity,  by  means  of  some  ingenious  machinery,  of  the  western 
front  of  Beverley  Minster.  He  gave  a  design  for  the  Radcliife  Library  at  Oxford,  and  of 
a  stately  front  for  Brazenose.  His  death  occurred  on  the  25th  of  March,  1 736,  at  the 
age  of  near  seventy. 

500.  Those  acquainted  with  the  condition  of  the  country  will  be  prepared  to  expect  that 
the  arts  were  not  much  patronised  by  George  I.  The  works  executed  during  his  reign 
were  rather  the  result  of  the  momentum  that  had  been  imparted  previous  to  his  accession 
than  of  his  care  for  them ;  and  it  is  a  consolation  that  the  examples  left  by  Inigo  Jones  had 
an  effect  that  has  in  this  country  never  been  entirely  obliterated,  though  in  the  time  of 
George  III.,  such  was  the  result  of  feshionable  patronage  and  misguided  taste,  that  the 
Adamses  had  nearly  consummated  a  revolution.  That  reign,  however,  involved  this  country 
in  so  many  disasters  that  we  are  not  surprised  at  such  an  episode. 

501.  After  the  death  of  Hawksmoor,  succeeded  to  public  patronage  the  fevourite  architect 
of  a  period  extending  from  1720  to  his  death  in  1754,  whose  name  was  James  Gibbs,  a 
native  of  Aberdeen,  where  he  first  drew  breath  in  1683.  Though  he  had  no  claims  to  the  rank 
of  exalted  genius,  he  ought  not  to  have  been  the  object  of  the  flippant  criticism  of  Walpole, 
whose  qualifications  and  judgment  were  not  of  such  an  order  as  to  make  him  more  than  a 
pleasant  goasip.  He  certainly  had  not  sufficient  discernment  properly  to  estimate  the  talents 
of  Gibbs's  works.  Every  critic  knows  how  easily  phrases  may  be  turned  and  antitheses 
pointed  against  an  artist  whom  he  is  determined  to  set  at  nought;  of  which  we  have  before 
had  an  instance  in  the  case  of  Sir  John  Vanbrugh ;  and  we  shall  not  here  ftirther  dilate  upon 
the  practice.  We  will  merely  observe,  that  on  the  appearance  of  any  work  of  art  the  minority 
of  the  contemporary  artists  are  usually  its  best  judges,  and  that  in  ninety-nine  cases  out  of  a 
hundred  the  public  afterwards  sanction  their  decision ;  and  we  will  add,  in  the  words  of  old 
Hooker,  that  **  the  most  certaine  token  of  evident  goodnesse  Lb,  if  the  generall  perswasion  of 
all  men  doe  so  account  it ; "  and  again,  ^  although  wee  know  not  the  cause,  yet  this  much 
wee  may  know,  that  some  necessarie  cause  there  is,  whensoever  the  judgement  of  all  men 
geoeraUy  or  for  the  most  part  runne  one  and  the  same  way."  We  do  not,  therefore,  think 
It  useful  in  respect  of  an  artist  of  any  considerable  talent  to  repeat  a  criticism  mora  in- 
jurious to  the  writer  than  to  him  of  whom  it  was  written. 

502.  The  churah  of  St  Martin's  in  the  Fields  is  the  most  esteemed  work  of  our  archi- 
tect It  was  finished  in  1726,  as  appears  from  the  inscription  on  the  friese,  at  the  cost  of 
33,01 71  9s.  Sd,  The  length  of  it,  including  the  portico,  is  twice  its  width,  one  third  where- 
of^ westward,  is  occupied  by  the  portico  and  vestibule.  The  portico  is  hexastyle,  of  the 
Corinthian  order,  and  surmounted  by  a  pediment,  in  whose  tympanum  the  royal  arms  are 
sculptured.  The  intercolumniations  are  of  two  diameters  and  a  hal^  and  the  projection  of 
the  portico  of  two.  Its  sides  are  flanked  by  ants  in  their  jimction  with  the  main  building, 
one  diameter  and  a  half  distant  from  the  receiving  pilaster.  The  north  and  south  eleva* 
tions  are  in  two  stories,  separated  by  a  fascia,  with  rusticated  windows  in  each.  Between 
the  windows  the  walls  are  decorated  with  pilasters  of  the  same  dimensions  as  the  columns 
of  the  portico,  four  diameters  apart ;  but  at  the  east  and  west  ends  these  elevations 
are  marked  by  insulated  columns  coupled  with  antse.     The  flanks  are  connected  with  the 
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prevailing  lines  in  the  portico  by  colunuu  placed  on  the  walls,  recessed  for  the  pur- 
pose, and  coupled  with  ant»,  whereby  a  play  of  light  is  produced,  which  imparts  great 
effect  to  the  otiier  parts.  The  interior  is  divided  into  three  unequal  portions  by  a  range 
on  each  side  of  four  Corinthian  columns,  and  two  pilasters  placed  on  pedestals,  raised  to 
the  height  of  the  pewing.  From  their  insulated  entablatures  rises  an  elliptical  ceiling, 
covering  what  may  be  called  the  nave.  This  ceiling  is  formed  by  arcs  doubleaux,  be- 
tween which  the  vault  is  transversely  pierced  in  the  spaces  above  the  intercolumniations 
by  semicircular  arches  springing  from  the  top  of  the  entablature  of  each  column.  Over 
what  may  be  called  the  aisles,  from  the  entablatures  of  the  columns,  semi-circular  arches 
are  turned  and  received  northward  and  southward  on  consoles  attached  to  the  walls,  and 
by  their  junction  with  the  longitudinal  arches  from  column  to  column  pendentives  are 
evolved,  and  thereby  are  generated  small  flat  domes  over  the  galleries.  The  altar  is 
recessed  from  the  nave  in  a  large  niche  formed  by  two  quadrants  of  circles,  whose  radius 
is  less  than  one  fourth  of  the  whole  width  of  the  niche.  It  is  vaulted  semi-elliptically. 
Galleries  are  introduced  on  the  north,  south,  and  west  sides  of  the  church.  On  the  two 
former  sides  they  extend  ftom  the  walls  to  the  columns,  against  which  the  c<mtinuity  of 
their  mouldings  is  broken.  The  interior  is  highly  decorated,  perhaps  a  little  too  theatri- 
cally for  the  sombre  habits  of  this  coimtry  ;  but  its  effect  is,  on  the  whole,  extremely  light 
and  beautifriL  The  tower  and  spire  are,  as  in  all  the  English  churches  of  the  Italian  style, 
a  sad  blemish ;  but  the  taste  of  the  day  compelled  their  use,  and  we  regret  that  the  clergy 
still  persist  in  considering  them  requisites.  The  length  from  the  fi^nt  upper  step  to  the 
east  wall  (inclusive)  is  159  ft.  6  in.,  and  the  breadth  from  north  to  south  79  ft.  4  in.  Hie 
total  area  of  tl;e  church  is  12,669  ft.,  whereof  the  points  of  support  occupy  280S  ft.  The 
ratio,  therefore,  of  the  former  to  the  latter  is  a  1  :  0*220,  from  which  we  may  infer  that  the 
edifice  exhibits  no  very  extraordinary  constructive  skill.  The  span  of  the  roof  (Jig.  696.), 
which  is  of  the  common  king-post  form,  is  38  ftu  Gibbs,  unlike  Wren,  does  not  appear  to 
have  been  guided  in  his  leading  proportions  of  this  work  by  a  series  of  ratios.  The  only 
point  in  which  we  perceive  an  approximation  to  such  a  system  is  in  the  length  fit>m  the 
plinths  of  the  columns  of  the  portico,  being  just  double  the  width  of  the  church  measured  at 
the  same  level.  The  portico  is  well  designed,  and  hitlierto  has  not  been  equalled  in  London. 
503.  In  the  church  of  St.  Mary  le  Strand,  Gibbs  was  not  so  successfril.  There  is  no 
portion  of  its  space  on  which  the  eye  rests  with  pleasure.  It  b  cut  up  into  littlenesses, 
which,  though  not  individually  offensive,  destroy  all  repose  or  notion  of  mass  in  the  fabric. 
He  built  the  new  church  at  Derby,  and  executed  some  works  at  King*s  College,  Cam. 
bridge,  which  last  were  not  calculated  to  raise  his  reputation ;  but  in  the  senate  house  of 
that  university,  he  was  more  success&l.  In  the  Radcliffe  Library  at  Oxford,  his  fame  was 
maintained.  It  was  completed  in  1747,  and  thereon  he  was  complimented  with  the  degree 
of  Master  of  Arts.  This  library  is  on  the  plan  circular  in  general  form,  and  rises  in  the 
centre  of  an  oblong  square,  370  ft.  long,  by  110  in  width.  Its  cupola  b  100  ft  in  dia- 
meter,  and  140  ft  high.  It  possesses  no  features  of  striking  beauty,  and  yet  is  a  most 
valuable  addition  to  the  distant  view  of  Oxford,  from  whatever  point  of  view  it  is  seen. 
The  interior  b  pleasing,  and  the  distribution  good.  The  books  are  dbposed  in  two  circular 
galleries,  round  a  larse  central  area.  A  description  of  this  celebrated  building  was  pub- 
Ibhed  with  plans  and  sections,  foL  1747.  Gibbs  was  the  architect  also  of  St.  Bartholo- 
mew's HospitaL  In  1728,  he  publbhed  a  large  folio  volume  of  designs,  including  several 
of  hb  works. 


iflLj. 


I     » 


*ni 


Pill.  «19. 


rt.AH  or  WAmTBAS  Movn. 


Cbaf.  III.  GEORGE  II.  991 

504.  Some  vorki  of  considerable  bnportiuicc  vere  erected  during  the  reign  of  George  I., 
bit  A  countiyiiian  of  the  Imt-DCined  ftcchitect,  Colin  Campbell,  who  is,  hovever,  more 
•r  three  Toluoies  be  published  of  the  principal  buildingi  in  England,  under  tlie 
e  of  the  ntmiw  Brilannictu.  Of  this  vurk  Lord  Burlington  was  the  original  pro- 
jeetnr  and  patron.  Afterwards,  in  1T67  and  1771,  it  vaa  continued  in  two  valumea,  under 
the  Hiperintendenee  of  Wolfe  and  Candon,  two  aichitects  of  considerable  reputation. 
Campbell's  talents  were  not  of  a  tctt  high  order,  though  Mereworth,  in  Kent,  an  imitation 
of  the  Vdla  Capm,  built  for  Mildmay  Earl  of  Westmorland,  and  Wansted  Houh.  in 
Enei,  built  in  1715,  and  pulled  down  in  1815,  the  latter  especially,  entitle  him  to  be  con- 
sidered an  ortl^  of  merit-  Foreigners,  whilA  this  last  was  in  eiiatencc,  always  preferred 
it  to  any  other  of  the  great  mansions  of  the  country.  Gilpin  says  of  it,  ■'  Of  all  giwt 
houses,  it  best  aniwers  the  united  purposes  of  grandeur  and  conrenience.  The  plan  is 
simple  aikd  magnificent.  The  front  extends  960  ft.  A  hall  and  saloon  occupy  the  body  of 
the  house,  forming  the  centre  of  each  front.  From  these  run  two  sets  of  chambers.  No- 
thing can  exceed  their  oonrenience  They  communicate  in  one  grand  suite,  and  yet  each, 
by  the  addition  of  a  iMck  stair,  becomes  a  separate  apartment.  It  is  difficult  to  say  whe- 
ther we  are  better  pleased  with  the  grandeur  and  elegance  without,  or  with  the  umplicity 
and  contnTince  within.  Dimension*;  Great  hsll,  SI  ft.  by  36  i  ball  room,  75  by  27 ; 
saloon,  30  ft.  square."     As  the  building  no  longer  exists,  we  giye,  in  jT^i.  S19.  and  9S0.,  a 


ground  plan  and  cleratian  of  it.    Campbell  was  Eurreyor  of  the  works  of  Greenwich  Hos- 
pital, and  died  in  1734. 

5Q5.  The  church  at  Greenwich,  and  a  lery  Urge  mansion  at  Blaokheath  for  Kr  Gregory 
Page,  in  the  latter  whereof  much  is  nid  to  hive  been  borrowed  l>oin  Houghton,  but  which 
has  many  years  unce  disappeared,  were,  about  1718,  erected  by  John  James,  of  whom  very 
little  more  is  known  than  these  works,  and,  in  London,  thechurches  of  St.  George,  Hanover 
Square,  and  St.  Luke's,  Middlesex,  the  latter  whereof  has  a  fluted  obelisk  for  a  steeple. 
We  ought,  besides,  to  mention  that  he  was  employed  by  the  Duke  of  Chandos,  at  Cannons, 
another  building  no  longer  in  existence,  and  showing  the  (tail  tenure  upon  which  an 
architect's  reputation  and  lame  is  held.  At  (he  latter  place,  Itowever.  it  may  be  questioned 
whether  the  remark  strictly  applies,  inasmuch  as  be  is  said  to  have  therein  set  taste  and 
expense  equally  at  defianoe. 


506.  We  do  not  altogether  agree  with  Walpole  m  the  observation  (hat  architecture 
resumed  all  her  rights  during  this  reign,  though  there  is  no  doubt  that  the  splendid  (for  the 
lime)  puMicBlioas  of  Palladio,  Jones,  and  examples  of  the  antique  recalled  the  taste  nf 
artists  and  tbeir  patrons  the  public.  Men  of  genius  were  doubtless  found  to  support  the 
arts  by  thar  practice,  and  some  high-minded  patrons  to  encourage  them  in  tbeir  labours. 
'■  Before,"  observes  Walpole.  "  the  glorious  close  of  a  rrign  that  carried  our  arms  snd 
rieturies  beyond  where  Roman  eagles  ever  flew,  ardour  for  the  arts  hod  led  our  Irateliers 
to  explore  whatever  beauties  of  Grecian  or  litin  skill  still  sulisisted  m  provinces  once 
subteeted  to  Rome,  and  the  fine  additions,  in  consequence  of  those  researches,  have  esta- 
blished the  throne  of  architecture  in  Britain  while  itself  languishes  in  Rome." 

5«>T,  Among  the  earliest  of  the  architects  of  tbis  reign  was  Thomas  Ripley,  ■  native  of 
Torkshire,  at  whom  Pope  -incers  in  tbs  lines  — 
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"  Who  builds  a  bridge  that  never  drove  a  pile  ? 
Should  Ripley  venture,  all  the  world  would  •mile." 

Imit.  Horace^  Ep.  11.  S.  186. 

Ripley,  it  must  be  confeeaed,  failed  at  the  Admiralty,  which  waa  afterwards  veiled  by  Mr. 
Adam's  beautiful  skreen  since  cruelly  "cheated  of  its  fair  proportions"  by  the  late  architect 
to  that  Board,  in  order  to  make  two  coach  entrances,  which  might,  with  the  exercise  of  a 
little  ingenuity,  have  been  managed  without  defacing  the  design.  It  is  difficult,  now,  to 
decide  the  exact  share  that  Ripley  had  in  the  house  for  Lord  Orford,  at  Houghton,  for 
which  Campbell  appears  to  have  ftimished  the  original  design.  Walpole,  whom  we  may 
presume  to  have  known  something  about  the  matter,  says  they  were  much  improved  by 
Ripley.  He  published  them  in  two  volumes,  folio,  1755 — 60.  It  is  to  be  regretted  that 
scarcely  a  single  line  of  Pope,  in  matters  of  taste  relative  to  the  artists  of  his  day,  is  of  the 
smallest  worth,  so  much  did  party  and  politics  direct  the  shafts  of  the  poet's  malice.  The 
plain  truth  is,  that  Ripley  was  the  rival  of  Kent,  the  fiivourite  of  Lord  Burlington,  whose 
patronage  it  was  absolutely  necessary  to  eiyoy  before  he  could  ensure  the  smiles  of  Pope. 
Ripley  was  comptroller  of  the  Board  of  Works,  and  died  in  1758. 

508.  Henry  Herbert,  Earl  of  Pembroke,  an  amateur  of  this  reign,  cannot  pass  unnoticed 
in  the  History  of  its  Architecture.  He  much  improved  Wilton,  where  he  built  the  Pal- 
ladian  Bridge ;  and  it  is  highly  honourable  to  his  memory  that,  owing  to  his  exertions,  the 
qualifications  of  Labelye  for  building  Westminster  Bridge  were  acknowledged  in  opposition 
to  Hawksmoor  and  Batty  Langley,  the  latter  of  whom  was  an  ignorant  pretender.  Of 
this  bridge  Elarl  Henry  laid  the  first  stone  in  1739,  and  the  last  in  1747.  His  works, 
besides  those  at  Wilton,  were,  the  new  lodge  in  Richmond  Park,  the  Countess  of  Suffolk's 
house  at  Marble  Hill,  Twickenham,  and  the  Water  House  at  Lord  Orford's  Park  at 
Houghton.     He  died  in  1751. 

509.  Before  advancing  our  history  another  step,  we  have  to  notice  another  noble- 
man, whom  to  enrol  among  the  number  of  her  artists  is  an  honour  to  England ;  and  in 
speaking  of  Richard  Boyle,  the  third  Earl  of  Burlington  and  fourth  Earl  of  Ossory, 
we  so  entirely  agree  in  Walpole's  eulogy  of  him,  that  we  shall  not  apologise  for  tran- 
scribing it  from  that  author's  pages :  —  **  Never  was  protection  and  great  wealth  more 
generously  and  judiciously  diffused  than  by  this  great  person,  who  had  every  quality  of  a 
genius  and  an  artist,  except  envy.  Though  his  own  designs  were  more  chaste  and  classic 
than  Kent's,  he  entertained  him  in  his  house  till  his  death,  and  was  more  studious  to  extend 
his  friend's  £une  than  his  own.**  Again,  he  continues,  *'  Nor  was  his  munificence  confined 
to  himself  and  his  own  houses  and  gardens.  He  spent  great  sums  in  contributing  to 
public  works,  and  was  known  to  chuse  that  the  expense  should  fall  on  himself,  rather  than 
that  his  country  should  be  deprived  of  some  beautiful  edifices.  His  enthusiasm  for  the 
works  of  Inigo  Jones  was  so  active  that  he  repaired  the  church  of  Covent  Garden,  because 
it  was  the  production  of  that  great  master,  and  purchased  a  gateway  at  Beaufort  Gardens, 
in  Chelsea,  and  transported  the  identical  stones  to  Chiswick  with  religious  attachment. 
With  the  same  seal  for  pure  architecture,  he  assisted  Kent  in  publishing  the  designs  for 
Whitehall,  and  gave  a  beautiful  edition  of  the  *  Antique  Baths,  ftotn  the  Drawings  of 
Palladio,*  whose  papers  he  procured  with  great  cost.  Bendes  his  works  on  his  own  estate^ 
at  Lonsborough,  in  Yorkshire,  he  new-fronted  his  house  in  Piccadilly,  built  by  his  father, 
and  added  the  great  colonnade  within  the  court.*'  This  liberal-minded  nobleman  gave  the 
credit  of  this  design  to  Kent,  though,  as  Kent  did  not  return  from  Italy  before  1 729,  it  is 
certain  that  architect  could  have  had  little  to  do  with  it.  His  villa  at  Chiswick,  now  that 
of  the  Duke  of  Devonshire,  was  an  original  design,  and  not,  as  is  generally  supposed,  an 
imitation  of  Palladio's  VUla  Capra  at  Vicensa.  It  was,  however,  too  much  in  the  Italian 
taste  to  be  suitable  to  an  English  climate  or  to  English  comforts ;  hence  its  great  external 
beauty  extracted  from  Lord  Chesterfield  the  well-known  verses  — 

"  PoMetMd  of  one  great  house  of  ttate, 
Without  one  room  to  sleep  or  eat. 
How  well  you  build  let  flatt'ry  tell, 
And  all  uunkind  how  iU  you  dwell." 

Lord  Hervey  also  sported  his  little  wit  upon  this  little  bijou,  which  its  subsequent 
additions  have  not  much  improved,  saying  '*  that  it  was  too  small  to  inhabit,  and  too  large 
to  hang  one's  watoh  in.** 

510.  The  dormitory  of  Westminster  School  and  the  Assembly  Room  at  York  are  beauti- 
fUl  examples  of  the  great  powers  of  Lord  Burlington  ;  but  the  house  for  Lord  Harrington 
at  Petersham,  the  Duke  of  Richmond's  at  Whiteliall  (pulled  down),  and  General  Wade's 
house  in  Great  Burlington  Street  were  not  well  planned,  the  latter  especially,  on  which  it 
was  said  by  Lord  Chesterfield,  on  account  of  its  beautiful  front,  that  **  as  the  general  could 
not  live  in  it  to  his  ease,  he  had  better  take  a  house  over  against  it,  and  look  at  it.**  The 
Earl  of  Burlington  was  bom  in  1695,  and  died  in  1753. 

51 1.  William  Kent,  a  native  of  Yorkshire,  where  he  was  born  in  1685,  if  he  did  not  ad- 
vance the  art,  was  at  least  far  from  retarding  or  checking  any  progress  it  seemed  likely 
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to  make.  Kent  was  a  painter  as  well  as  an  architect,  though  as  the  former  very  inferior  to 
the  Utter ;  and  to  these  accomplishments  must  be  added  those  of  a  gardener,  for  he  was  the 
fiuher  of  modem  picturesque  gardening.  Kent's  greatest,  and,  out  of  many,  also  his  best  work, 
was  Holkham,  in  Norfolk,  for  the  Earl  of  Leicester,  the  plan  and  elevations  whereof  were 
published  in  folio,  1761,  by  the  late  Mr.  Brettingham,  who  had  the  unparalleled  assurance 
to  send  them  to  the  world  as  his  own.  The  noble  hall  of  this  building,  terminated  by  a  vast 
flight  of  steps,  produces  an  effect  unequalled  by  anything  similar  to  it  in  'England.  During, 
and,  indeed,  previous  to,  Kent's  coming  so  much  into  employment,  a  great  passion  seems 
to  have  existed  with  the  architects  for  lU-shaped,  and,  perhaps,  almost  grotesque,  urns  and 
globes,  on  every  part  where  there  was  a  resting-place  for  them.  Kent  not  unfrequently 
disfigured  his  works  in  this  way,  but  more  especially  so  at  the  beginning  of  his  career. 
The  pile  of  building  in  Margaret  Street,  which  will  shortly  have  to  make  way  for  part  of 
the  new  parliament  houses,  now,  however,  containing  the  law  courts,  a  house  at  Esher  for 
Mr.  Pelham,  the  Horse  Guards,^and  other  buildings,  which  it  is  needless  here  to  particu- 
larise, were  erected  under  the  designs  of  Kent,  upon  whom  unbounded  liberality  and 
patronage  were  bestowed  by  Lord  Burlington  during  the  life  of  this  artist,  which  terminated 
in  1748. 

512.  About  173S  appeared,  we  believe,  the  last  of  the  stone  churches  with  steeples, 
which  the  practice  of  Wren  had  made  common  in  this  country ;  this  was  the  church  of 
St  Giles's  in  the  Fields,  erected  by  Henry  Flitcroft.  The  interior  is  decorated  with  Ionic 
columns  resting  on  stone  piers.  The  exterior  has  a  rusticated  basement,  the  windows 
of  the  galleries  have  semicircular  heads,  and  the  whole  is  surmounted  by  a  modillion 
cornice.  The  steeple  is  165  feet  high,  consisting  of  a  square  tower,  the  upper  part  deco- 
rated with  Doric  pilasters  ;  above,  it  is  formed  into  an  octagon  on  the  plan,  the  sides  being 
ornamented  with  three  quarter  Ionic  columns  supporting  a  balustrade  and  vases.  Above 
this  rises  an  octangular  spire.  Besides  this,  Flitcroft  erected  the  church  of  St  Olave, 
South  war  k,  and  the  almost  entire  rebuilding  of  Wobum  Abbey  was  from  the  designs  and 
superintendence  of  that  master,  who  died  in  1 769. 

513.  During  the  reign  under  our  consideration,  the  city  of  Bath  may  be  said  to  have 
ahnost  arisen  from  the  deugns  of  Wood,  who  built  Prior  Park  for  Mr.  AUen,  the  friend  of 
Pope,  and  Buckland  was  erected  by  him  for  Sir  John  Throckmorton.  Wood  died  in  1 754, 
To  him  and  to  his  scholars  Bath  is  indebted  for  the  designs  of  Queen  Square,  the  Parades, 
the  Circus,  the  Crescent,  the  New  Assembly  Room,  &c  The  buildings  of  this  city  possess 
various  d^rees  of  merit,  but  nothing  so  extraordinary  as  to  call  for  more  than  the  mere 
notice  of  them.  We  are  by  no  means,  for  instance,  disposed  to  agree  with  Mitford,  who 
reck<ms  the  crescent  of  Ba^  among  **  the  finest  modern  buildings  at  this  day  existing  in 
the  world  1 " 
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514.  Hiough  the  works  of  the  architects  about  to  follow,  belong  partially  to  the 
preceding  reign,  they  are  only  properly  to  be  noticed  under  that  of  George  III.  Without 
a  lengthened  account  of  them,  we  commence  with  the  mention  of  the  name  of  Carr  of  York, 
who  was  much  employed  in  the  northern  counties,  where  he  built  several  noble  residences, 
particularly  that  for  Mr.  Lascelles,  afterwards  Lord  Harewood,  and  a  mausoleum  in  York- 
shire for  the  late  Marquis  of  Rockingham.  Paine  was  engaged  at  Worksop  Manor,  War- 
dour  Castle,  and  Thomdon ;  and  Hiorne,  whose  county  sessions-house  and  prison  at 
Warwick  exhibit  considerable  genius,  was  a  promising  artist,  prematurely  cut  off.  His 
talent  was  not  confined  to  the  Italian  style,  as  may  be  learnt  from  reference  to  the  church 
at  Tetbury  in  Gloucestershire,  and  a  triangular  tower  in  the  Duke  of  Norfolk's  park  at 
ArundeL 

515.  At  a  early  part  of  the  reign  of  George  III.,  architecture  was  cultivated  and  prac- 
tised here  with  great  success  by  Robert  Taylor,  afterwards  knighted.  His  best  compositions 
were  designed  with  a  breadth  and  intimate  knowledge  of  the  art,  that  prove  him  to  have 
been  abundantly  "^^qifftint^*^  with  its  principles.  That  he  was  not  always  successful,  the 
wings  of  the  Bank,  now  removed,  were  a  proof.  Of  his  works  sufficient  would  remain  to 
eorroborate  oar  opinion,  if  only  what  is  now  the  Pelican  Office  in  Ix>mbard  Street  existed. 
We  believe  it  was  originally  built  for  Sir  Charles  Asgill,  and  ruined  by  the  directors  of  the 
Pelican  when  they  took  to  the  place.  There  are,  however,  also  to  attest  the  ability  of  Sir 
Robert  Taylor,  Sur  Charles  Asgill's  rilla  at  Richmond,  and  his  own  house  in  Spring  Gardens. 
After  his  visit  to  Italy  he  commenced  his  practice  in  sculpture,  in  which  branch  of  the  arts 
be  has  left  monuments  in  Westminster  Abbey  and  elsewhere;  but  he  afterwards  devoted 
himself  to  architecture  alone.     Among  his  works  were  a  dwelling  house  for  Sir  P.  Taylor, 
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near  Portadown  Hill,  a  house  in  Piccadilly  for  the  Duke  of  Grafton,  a  mansion  in  Herts  for 
Lord  Howe ;  Stone  Buildings,  Lincoln's  Inn ;  Ely  House,  Dover  Street ;  a  very  clever 
composition.  Sir  John  Boyd's  at  Danson,  near  Shooter's  Hill;  the  beautiful  bridge  at 
Henley  on  Thames,  and  Ix>rd  Grimstone's  at  Gorhambury.  He  had  for  some  time  a  seat 
at  the  Board  of  Works,  was  surveyor  to  the  Admiralty,  the  Bank,  and  other  public  bodies. 
His  reputation  was  unbounded,  and  met  with  reward  from  the  public.  Sir  Robert  Taylor 
died  in  1788  at  the  age  of  seventy-four. 

516.  Cotemporary  with  the  last-named  artist,  was  one  to  whom  the  nation  is  indebted  for 
first  bringing  it  to  an  intimate  acquaintance  with  the  works  of  Greece,  to  which  he  first  led 
the  way.  The  reader  will,  of  course,  anticipate  us  in  the  name  of  James  Stuart,  who  began 
his  career  as  a  painter.  After  some  time  passed  in  Greece,  he,  in  coi\j  unction  with  Nicholas 
Revett,  about  the  year  1 762,  published  the  well-known  AntiquUiei  of  Athens^  from  which 
he  acquired  the  soubriquet  of  Athenicai,  The  public  taste  was  purified  by  a  corrected 
knowledge  of  the  buildings  of  Greece,  especially  in  respect  of  the  form,  composition,  and 
arrangement  of  ornament ;  but  we  doubt  whether  mischief  was  not  for  a  time  induced  by 
it,  from  the  absurd  attempt,  afterwards,  to  adapt,  without  discrimination,  the  pure  Greek 
porticoes  of  the  temples  of  Greece  to  public  and  private  buildings  in  this  country,  often 
with  buildings  with  which  they  have  no  more  natural  relation  than  the  interior  arrange- 
ment of  a  church  has  with  that  of  a  theatre.  The  architects  of  our  own  time  seem,  however, 
at  last  to  be  aware  of  the  impossibility  of  applying  with  success  the  forms  of  Grecian  temples 
to  English  habitations ;  and  a  better  system  has  been  returned  to,  that  of  applying  to  every 
object  a  character  suitable  to  the*  purposes  of  its  destination.  We  consider  Stuart's  best 
work  the  house,  in  St  James's  Square,  which  he  built  for  Ix>rd  Anson.  Among  other 
works,  he  executed  Belvedere,  in  Kent,  for  Lord  Eardley ;  a  house  for  Mrs.  Montague,  in 
Portman  Square  ;  the  chapel  and  infirmary  of  Greenwich  Hospital ;  and  some  parts  of  the 
interior  of  Lord  Spencer's  house,  in  St  James's  Place.  Stuart  died  in  1788,  at  the  age  of 
seventy-five.  His  caUaboratewTi  Revett,  shared  with  him  a  portion  of  the  patronage  of  the 
public.  He  survived  him  till  1804,  when  he  died  at  the  advanced  age  of  eighty-two  years. 
He  was  employed  on  the  eastern  and  western  porticoes  of  Lord  De  Spencer's  house  at 
West  Wycombe,  and  on  some  temples.  For  Sir  Lionel  Hyde  he  built  the  church  of  Ayot 
St  Lawrence,  Herts,  the  front  whereto  is  a  Doric  portico  crowned  with  a  low  Grecian 
pediment,  and  on  each  side  an  Ionic  colonnade  connects  the  centre  with  an  elegant 
cenotaph.  He  also  built  a  portico  to  the  eastern  front  of  Handlinch,  in  Wiltshire,  for 
Mr.  Dawkins. 

517.  The  chasteness  and  purity  which  the  two  last-named  architects  had,  with  some 
success,  endeavoured  to  introduce  into  the  buildings  of  England,  and  in  which  tlieir  seal  had 
enlisted  many  artists,  had  to  contend  against  the  opposite  and  vicious  taste  brought  by  Robert 
Adam,  a  fashionable  architect,  whose  eye  had  been  corrupted  by  the  corrupt  taste  of  the 
worst  time  of  Roman  art.  It  can  be  scarcely  believed,  the  ornaments  of  Diocletian's 
palace  at  Spalatro  should  have  loaded  our  dwellings  contemporaneously  with  the  use  among 
the  more  refined  few  of  the  exquisite  exemplars  of  Greece,  and  even  of  Rome,  in  its  better 
days.  Yet  such  is  the  fiu^  ;  the  depraved  compositions  of  Adam  were  not  only  tolerated, 
but  had  their  admirers.  It  is  not  to  be  supposed  that  the  works  of  a  man  who  was  content 
to  draw  his  supplies  from  so  vitiated  a  source  will  here  require  a  lengthened  notice.  Yet  had 
he  his  happy  moments ;  and  that  we  may  do  him  strict  justice,  we  not  only  mention,  but 
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present  to  the  reader,  \nfig».  221.  and  222.,  the  ground  plan  and  elevation  of  Kedlestone,  in 
Derbyshire,  which  he  erected  for  Lord  Scarsdale.  Tlie  detail  of  this  is,  indeed,  not 
exactly  what  it  ought  to  have  been ;  but  the  whole  is  magnificently  conceived,  and  worthy 
of  any  master.  Adam  died  at  the  age  of  ninety-four,  in  1792  ;  and,  besides  the  Adelphi, 
in  the  Strand,  which  he  erected  on  speculation,  he  was  engaged  at  Luton  Park,  in  Bedford- 
shire, for  the  EUirl  of  Bute ;  at  Caenwood,  near  Hampsteeul,  for  Lord  Mansfield ;  at  Shel- 
burne  House,  in  Berkeley  Square,  now  Lord  Lansdowne's,  well  planned,  but  ill  designed, 
a  meagre  affair ;  the  dic^^raceful  gateway  at  Sion,  near  Brentfbrd ;  and  on  part  of  the 
Register  Office  at  Edinburgh.  None,  however,  would  now  do  credit  to  a  mere  tyro  in  the 
art  except  the  first  named. 
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518.  Previous  to  tlic  accession  of  George  III.  it  had  been  considered  by  his  tutors 
necessary  to  complete  his  education  by  the  study  requisite  to  give  him  some  acquaintance 
witli  the  art.  We  venerate  the  memory  of  that  monarch  as  an  honest  good  man,  but  are 
connp^ed  to  say  that  the  experiment  of  inoculating  him  witli  a  taste  for  it  was  unsuccess- 
ful, for  during  his  reign  all  the  Hzareries  introduced  by  Adam  received  no  check,  and 
seeing  that  Adam  and  Bute  were  both  fit>m  the  north,  we  are  rather  surprised  that  his 
education  was  not  in  this  respect  committed  to  the  former  instead  of  Sir  William  Chambers, 
wbotn,  as  one  of  the  first  architects  of  the  day,  it  is  incumbent  upon  us  now  to  introduce. 
We  believe  that  whatever  was  done  to  forward  the  arts,  owes  a  large  portion  d  its  effect 
to  that  celebrated  man ;  and  it  is  probable,  with  the  worthy  motives  that  actuated  the 
monarch,  and  the  direction  of  his  taste  by  that  individual,  much  more  would  have  been 
accomplished,  but  for  the  heavy  and  disastrous  wars  which  occurred  during  his  reign,  and 
the  load  of  debt  with  which  it  became  burthened.  The  works  of  Chambers  are  found  in 
almost  every  part  of  England,  and  even  extended  to  Ireland ;  but  we  intend  here  chiefly  to 
restrict  ourselves  to  a  short  account  of  Somerset  House,  his  largest  work,  in  which,  though 
there  be  many  feults,  so  well  did  he  understand  his  art,  that  it  is  a  matter  of  no  ordinary 
difficulty,  and  indeed  requires  hypercriticism,  to  find  anything  offensive  to  good  taste  in  the 
detail 

51 9.  This  work  was  conamenoed  in  1 776,  and  stands  on  an  area  of  500  ft.  in  depth,  and 
800  ft.  in  width.  The  general  interior  distribution  consists  of  a  quadrangular  court, 
S43  ft.  in  length,  and  SlOft.  in  width,  with  a  street  or  wide  way  running  from  north  to 
south,  on  its  eastern  and  western  ndes.  The  general  termination  towards  the  river  is  a 
terrace,  50  ft.  wide,  whose  level  is  50  ft.  above  that  of  the  river,  and  this  occupies  the  whole 
length  of  the  fii9ade  in  that  direction.  The  front  towards  the  Strand  is  only  135  ft.  long. 
It  is  oompoeed  with  a  rusdc  basement,  supporting  ten  Corinthian  columns  on  pedestals, 
crowned  by  an  attic*  extending  over  the  three  central  intercolumniations,  flanked  by  a 
balustrade  on  each  side.  The  order  embraces  two  stories.  Nine  large  arches  are  assigned 
to  the  basement,  whereof  the  three  ctetral  ones  are  open  for  the  purpose  of  affording  an 
entrance  to  the  great  court  On  each  side  of  them,  these  arches  are  occupied  by  win- 
dows of  the  Doric  order,  decorated  with  pilasters,  entablatures,  and  pediments.  The  key 
stones  are  carved  in  alto-relievo,  with  nine  colossal  masks,  representing  the  ocean,  and  the 
eight  principal  rivers  of  Great  Britun.  The  three  open  arches  of  entrance  before  men- 
tioned lead  to  a  vestibule,  which  connects  the  Strand  with  the  large  quadrangular  court, 
and  serves  also  as  the  access  to  those  parts  of  the  building,  till  lately  occupied  by  the  Royal 
Academy,  and  on  the  opposite  or  eastern  side  to  the  Royal  Society  and  the  Society  of 
Antiquaries,  the  entrances  whereto  are  within  the  vestibule.  This  is  decorated  with 
columns  of  the  Doric  order,  whose  entablature  supports  a  vaulted  ceiling.  The  front  of 
tlus  pile  of  building  towards  the  quadrangle,  is  200  ft.  in  extent,  being  much  more  than 
the  length  of  that  towards  the  Strand ;  the  style,  however,  of  its  decoration  is  correspondent 
with  it,  the  principal  variation  being  in  the  use  of  pilasters  instead  of  columns,  and  in  the 
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doors  and  windows.  The  front  next  the  Thames  is  ornamented  in  a  umllar  manner  to 
that  already  described.  It  was  originally  intended  that  the  extent  of  the  terrace  should 
have  been  1100  ft.  This  last  is  supported  by  a  lofty  arcade,  decorated  towards  the  ends 
with  coupled  Tuscan  columns,  whose  cornice  is  continued  along  the  whole  terrace.  The 
edifice  was  at  the  time  the  subject  of  much  severe  criticism,  and  particularly  from  the  pen 
of  a  silly  engraver  of  the  name  of  Williams,  under  the  name  of  Antony  Pasquin ;  but 
the  censures  he  passed  on  it,  the  author  being  as  innocent  of  the  slightest  knowledge  of 
the  art  as  most  of  the  writing  architectural  critics  of  the  present  day,  were  without  founda- 
tion, and  have  long  since  been  forgotten. 

520.  In  the  year  1 759,  &r  W.  Chambers  published  a  Treatise  on  the  decorative  part  of 
civil  architecture,  whereof  it  was  the  lot  of  the  writer  to  publish  an  enlarged  edition  in 
1 825.  This  work,  as  figu"  as  it  goes,  still  continues  to  be  a  sort  of  text-book  for  the  student ; 
but  as  it  is  merely  what  its  title  imports,  without  touching  on  the  historical  or  practical 
parts  of  the  art,  it  is  so  fieir  incomplete.  Chambers  held  the  office  of  surveyor  general, 
and  died  in  1796. 

521.  Among  the  architects  of  George  III.^s  rdgn,  wc  must  not  forget  Robert  Mylne, 
the  architect  of  Blackftiar's  Bridge,  constructed  between  1 760  and  1 768  ;  Holland,  who 
erected  Carlton  House  for  George  IV.  when  Prince  of  Wales,  and  Drury  Lane  Theatre, 
neither  of  which  buildings  now  exists  ;  Dance,  the  architect  of  Newgate,  St.  Luke's  Hos- 
pital,  and  many  buildings  about  the  city  of  London,  to  whose  corporation  he  was  architect ; 
and,  lastly,  WUley  Reveley,  a  pupil  of  Chambers,  who  followed  the  steps  of  Stuart  and 
visited  Athens  and  the  Levant  He  was  the  editor  of  the  third  volume  of  the  Antiquities 
of  Athenst  and  died  prematurely  in  1799.  He  built  the  new  church  at  Southampton,  and 
offered  some  beautiful  designs  for  the  new  baths  at  Bath,  which,  however,  were  not  adopted. 
We  have  now  concluded  a  general  view  of  the  history  of  the  art,  from  its  dawn  in  this 
country  to  the  end  of  the  reign  of  George  III.  ;  having  enumerated  the  professors  of  later 
days  most  worthy  to  be  recorded.  Further  we  should  not  be  able  to  pursue  our  inquiry 
without  coming  so  into  contact  with  our  cotemporaries  and  their  connections,  that  our 
office,  if  not  dangerous  and  Fearful,  might  be  unpleasant,  and  we  must  here  close.  We  re- 
gret  we  cannot  think  our  national  architecture  aidvances  in  the  same  ratio  that  the  fiicilities 
of  study  in  the  present  day  would  indicate.  This  is  not  to  be  imputed  so  much  to  the 
professors  of  the  art  as  to  the  way  in  which  it  is  treated  by  Government  and  the  public  ; 
witness  the  National  Gallery,  made  a  job  by  a  minister  for  an  incompetent  artist  *'  It  is 
a  national,  a  social  misfortune,**  says  the  late  James  Spiller,  *'  that  to  the  scientific  study  of 
this  noble  art,  there  is  no  reasonable,  much  less  liberal  encouragement  It  is  degraded  and 
crushed  under  the  most  despicable  spirit  of  calculation  and  parsimony  !**  If  ever  a  death- 
blow was  aimed  at  the  art,  that  was  done  by  the  commissioners  for  building  the  recent  new 
churches.  What  artist  could  hope  to  become  celebrated  under  their  pinching  ordinances, 
competitions,  and  contracts,  with  their  accompanying  legal  din  and  **  smithery  ?  **  Far  dif- 
ferent was  the  conduct  of  those  commissioners  to  whom  Queen  Anne  entrusted  the  building 
of  her  churches,  or  their  existence  would  have  been  matter  only  of  history,  a  category  that 
we  are  certain  will  apply,  at  the  end  of  a  century,  to  many  of  those  of  the  present  day. 
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529.  The  abstract  relations  of  quantity  and  figure  ought  to  be  thoroughly  understood  by 
the  architect,  that  he  may  be  able  to  prepare  the  designs  which  he  has  conceived,  in  a 
manner  suitable  for  execution,  and,  when  executed,  to  possess  stability.  The  form  and 
mechanical  efiect  of  each  single  block  in  a  building  depends  on  its  position,  and  the  form  of 
one  of  its  ports  limits  the  forms  of  others.  In  groups  of  bodies,  these  limitations  are  still 
laoxe  perplexing ;  hence  we  must  have  recourse  to  the  most  easy  and  accurate  means  of 
aseertaining  the  practicable  conditions  which  will  produce  the  desired  effect  To  this  end 
we  propose  to  give  a  short  and  simple  course  of  the  elements  of  arithmetic  and  analysis,  as 
our  own  experience  informs  us  that  occasions  arise  in  the  practice  of  architecture  which 
require  all  the  aid  that  science  can  afibrd.  Those  who  have  studied  most  closely,  know 
that  they  have  not  acquired  too  much  ;  whilst  those  who  have  not  studied  at  all  have  to 
depend  on  the  skill  of  others,  and,  like  all  similar  dependents,  become  more  or  less  the 
dupes  of  those  they  employ. 

523.  That  which  is  capable  of  increase  or  diminution  is  called  mapnitude  or  quantity. 
Hence  the  different  kinds  of  magnitude  must  be  many.  Mathematics,  generally  speaking, 
is  the  geienee  of  quantity,  or  that  which  investigates  the  means  of  measuring  quantity.  Now 
we  cannot  measure  or  determine  any  quantity  except  by  pointing  out  its  relation  to  some 
other  known  quantity,  so  that  the  determination  or  the  measure  of  magnitudes  of  all  kinds 
is  the  making  any  one  known  magnitude  of  the  same  species  the  meantre  or  unit  for  deter- 
mining the  proportion  of  the  proposed  magnitude  to  this  known  measure.  This  propor- 
tioo  being  sJways  expressed  by  numbers,  a  number  b  but  the  proportion  of  one  magnitude 
to  another,  arbitrarily  assumed  as  the  unit  Hence  all  magnitudes  may  be  expressed  by 
numbers,  and  the  foundation  of  all  mathematical  science  must  be  laid  in  a  study  of  the 
science  of  numbers,  and  in  an  examination  of  the  different  methods  of  calculation  mvolved 
in  it  In  Algebra,  or  analysis  numbers,  which  represent  quantities,  are  alone  considered, 
without  respect  to  the  different  kinds  of  quantity.  The  latter  are  the  subject  of  other 
branches  of  mathematics.  Arithmetic  is  the  sctcaos  of  numbers  pn^perfy  §o  eaBed,  extending 
only  to  certain  methods  of  calculation  which  occur  in  common  practice.  Algebra  com- 
prehends all  the  cases  that  can  exist  in  the  calculation  of  numbers. 

SIGNS  +   AND  ->. 

594.  (1.)  When  one  number  is  to  be  added  to  another,  the  sign  +  (jptus)  is  used,  and  is 
placed  before  the  second  number.  Tlius,  5+3  denotes  that  3  is  to  be  added  to  the  number 
5,  the  sum  where<^  every  body  knows  to  be  8.  The  same  sign  may  be  used  to  connect 
several  numbers,  thus  7-1-9  +  12  +  81  signifies  that  to  the  number  7  we  must  add  9,  1 2, 
and  81,  which  make  109.  AU  this  is  evident,  but  in  Algebra,  in  order  to  generalise 
numbers,  they  are  represented  by  letters  as  a,  5,  c,  d^  &c. ;  thus  a-i-b+c  +  d  signifies  the 
sum  of  the  numbers  represented  by  those  letters. 

525.  (2.)  To  subtract  one  number  from  another  the  sign  —  (minua)  is  used,  which  is 
placed  before  the  number  to  be  subtracted ;  thus  10—6  signifies  that  the  number  6  is  to  be 
taken  from  the  number  10,  so  that  the  expression  is  equivalent  to  the  number  4.  So  of 
several  numbers;  as,  for  instance,  62—6  —  15—31  signifies  that  6  is  to  be  take   from  62, 
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the  remainder  is  56 ;  15  taken  from  that  remainder  leaves  41  ;  lastly,  take  from  this  31,  and 
the  remainder  is  10,  which  is  the  value  of  the  expression.  We  might,  however,  have  taken 
the  sum  of  the  numbers  6,  15,  and  31  or  52  at  once  from  62,  and  the  remainder  is  10,  as 
before. 

526.  It  b  easy,  therefore,  to  determine  the  value  of  expressions  in  which  both  the  signs 
+  plus  and >- minus  are  found  ;  for  example,  16— 4  —  7 +3  —  1   is  the  same  as  7.     For  we 

have  only  to  collect  the  numbers  with  the  sign  +  before  them,  and  subtract  from  their  sum 
those  that  have  the  sign  — .  Thus,  the  sum  of  16  and  3  is  19 ;  that  of  4,  7,  and  1  is  IS  ; 
and  1 2  being  taken  from  1 9  the  remainder  is  7.  It  must  be  remembered  that  in  the  ex- 
pression the  sign  +  is  supposed  to  stand  before  the  number  1 6  ;  and  that  the  above  expres- 
sion might  have  been  arranged  tlms :   16  +  3  —4  —  7—1,  or  3  —  1  — 4  —  7  +  16,  or  3  + 16  —  1 

—  7  —  4.     If,  instead  of  numbers,  we  use  letters,  no  more  difficulty  occurs ;  for  exain])lc  — 

a— 6— c+d— « 

signifies  that  certain  numbers  are  expressed  by  a  and  d^  and  that  from  them  or  their  sum 
the  numbers  expressed  by  the  letters  b,  e,  and  e,  having  the  sign  -  before  them,  are  to  be 
subtracted.  Hence  attention  is  necessary  to  the  sign  prefixed  to  each  number,  for  in 
algebra  simple  quantities  are  numbers  considered  with  respect  to  the  signs  which  afifect 
them.  Those  quantities  before  which  the  sign  +  is  found  are  called  positive  quantities, 
and  those  affected  by  the  sign— are  caUed  negative  quantities.  To  illustrate  this,  let  us 
suppose  a  man  having  10002.,  but  owing  400L,  it  is  evident  his  real  wealth  Is  only  10002.  — 
40O2.,  600^  Thus,  negative  numbers  may  be  considered  as  debts,  because  positive  numbers 
represent  real  possessions,  and  we  may,  indeed,  say  that  negative  numbers  are  less  than 
nothing.  For,  take  a  man  having  notliing,  and  at  ^e  same  time  owing  100  pounds,  it  is 
clear  he  has  100  pounds  less  than  nothing;  for,  if  he  had  a  present  of  100  pounds  made 
him  to  pay  his  debts,  though  he  would  be  richer  than  before,  he  would  still  be  at  the  point 
nothing.  So,  therefore,  as  positive  numbers  are  clearly  greater  than  nothing,  negative 
numbers  arc  less  than  nothing.  Now,  positive  numbers  are  obtained  by  adding  1  to  0^  that 
is,  to  nothing,  and  by  thus  increasing  them  from  unity.  This  is  the  origin  of  the  series 
called  natural  numbers,  of  which  the  following  are  the  leading  terms  of  the  series : 
0  +  1  +2  +  3  +  4+5  +  6+7+8+9  +  10,  and  so  on  to  infinity.  But  if,  instead  of  adding, 
we  perpetually  subtract  unity,  we  have  a  series  of  negative  numbers,  thus :  0—1-2  —  3—4 

—  5—6—7—8—9  —  10,  &c.  to  infinity.  These  numbers,  whether  positive  or  negative,  are 
called  whole  numbers  or  integers,  either  greater  or  less  than  nothing.  They  are  so  called 
to  distinguish  them  from  fractions  and  other  kinds  of  numbers,  which  will  be  hereafter 
noticed.  Thus,  between  2  greater  by  a  unit  than  1,  it  is  easy  to  conceive  an  infinity  of 
numbers  greater  than  1 ,  yet  all  less  than  2  ;  for  imagine  a  line  of  2  it.  long  and  another  1 , 
it  is  evident  that  an  infinite  number  of  lines  may  be  drawn,  all  longer  than  1  ft.,  but  not  so 
long  as  2  ft  That  a  precise  idea  may  be  formed  of  negative  qtuuitities,  the  reader  must 
keep  in  mind  that  all  such  expressions  as  +1—1,  +2—2,  +3  — 3,  &c  are  equal  to  O, 
and  that  +2— 5  is  equal  to  —3.  For,  if  a  person  has  2  pounds  and  owes  5,  he  has  not 
only  nothing,  but  still  owes  3  pounds ;  and  the  same  observation  holds  true  with  respect 
to  letters,  which  represent  numbers,  thus  -i-a^a  is  O.  But,  if  the  value  of  +o— 6  is 
wanted,  two  cases  are  to  be  considered  :  first,  if  a  is  greater  than  b  it  must  be  subtracted 
from  a,  and  the  remiunder,  with  the  sign  +  placed  or  understood  before  it,  is  the  value 
sought ;  secondly,  if  a  is  less  than  5,  a  is  to  be  subtracted  from  b,  and  the  remainder  must 
have  the  n^adve  sign  placed  before  it 

MULTIPUCATION   OF   SIHPLX   QUANTmiS. 

527.  (3. )  In  the  multiplication  of  umple  qtuuitities,  where  two  or  more  equal  quantities 
are  added  together,  the  expression  of  their  sum  nuiy  be  abridged  thus :  — 

a  +  a  is  the  same  as  2  x  a, 

a  +  a+a 3xa, 

a  +  a+a+a  »  .  .  .4xa,  and  so  on  ; 

where  x  is  the  sign  of  multiplication. 

Thus  we  obtain  an  idea  of  multiplication ;  for  in  the  above,  it  must  be  observed  that 
2  X  a  signifies  2  times  a,  3  x  a  signifies  three  times  a,  4  x  a  four  times  a.  But  this  form 
is  abbreviated  by  simply  putting  the  number  before  the  letter ;  thus,  a  multiplied  by  3  is 
expressed  Sa :  b  multiplied  by  5  is  5b:  e  taken  but  once,  or  1  c,  is  no  more  than  c.  Hence 
the  multiplication  of  such  products  by  other  numbers  is  simple  enough,  for 

2  times  3a  is  equal  to    6a 

3  times  46 126 

7  times  7x 49ur 

and  these  products  may  be  further  multiplied  at  pleasure. 
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528.  Suppose  both  the  numbers  be  represented  by  letters,  we  have  only  to  place  one 
before  the  other,  and  the  process  is  complete ;  thus  a  multiplied  by  6  is  a5 ;  and  if  again  ve 
multiply  this  product  by  pq,  the  result  is  abftq.  The  order  of  the  letters  is  no  consequence ; 
for  suppose  a  to  represent  5>  and  b  6,  then  baar  tA  equally  represent  6  x  S  and  5x6,  which 
give  the  same  product.  But  in  the  use  of  common  numbers  this  cannot  be  done ;  for  were 
we  to  write  34  for  3  times  4,  we  should  have  34  instead  of  1 2.  If  the  sign  x  is  omitted,  it 
is  usual  to  place  a  point  between  the  figures ;  thus,  1.2.3.4.5tsl20,asisl  x2x3x 
4x5.  Hence,  if  we  meet  with  the  eipression  2.3.4  xyz,  it  means  that  2  is  to  be  mul- 
tiplied by  3,  and  the  product  by  4 ;  and  that  product  first  by  x,  tlien  by  y,  and  lastly  by  z, 
hence  this  may  be  abridged  into  24  lyz. 

589l  The  result  arising  from  the  muldplication  of  two  numbers  is  called  a  produety  and 
the  numbers  or  letters  are  called  ^cfors. 

530.  In  the  case  of  positive  numbers  being  multiplied  into  each  other,  no  doubt  can 
remain  of  the  products  being  positive,  for  +  a  x  +6  must  necessarily  give  ab.  But  the 
multiplication  of  -fa  by  —6^  or  of  —a  by  —6^  requires  examination.  Suppose  —a  multi* 
plied  by  3;  now,  as  —a  may  be  taken  as  a  debt,  if  multiplied  by  3  it  is  three  times 
greater ;  hence  the  product  must  be  —  3a.  And  if  that  be  multiplied  by  +  6^  it  is  evident 
the  debt  is  still  increased  by  the  action  of  h  upon  it ;  it  becomes  —h€i,  or,  which  is  the  same 
thing,  —ah.  On  thb  account  it  is  evident  that  if  a  positive  be  multiplied  by  a  negative 
quantity,  the  product  becomes  worse,  or,  if  the  expression  might  be  allowed,  more  negative. 
From  this  follows  the  rule^  that  +  by  -{•  is  always  jsivs,  and  that  +  by  — ,  on  the  contrary, 
givesa  Mi«ia«  quantity.  But  the  case  in  which  —  is  multiplied  by  minus,  that  of  —a  by  -^h, 
requires  consiaeration.  There  can  be  no  doubt  that  the  product  is  ab ;  the  sign,  however, 
to  be  prefixed  to  it  is  at  first  sight  not  so  clear.  Now  we  have  seen  that  it  cannot  be  — , 
for  —a  multiplied  by  +6  gives  —  a6,  and  —a  by  —6,  cannot  produce  the  same  result  as 
—a  by  +6;  henoe  it  must  produce  a  contrary  result,  that  is  +ai,  and  hence  results  the 
following  rule :  —  multiplied  by  —  produces  -f-  just  in  the  same  manner  as  +  by  + . 
Hiis  is  more  briefly  expressed  in  the  following  terms,  Like  tiguB  multiplied  together  give  + , 
mdUu  or  eomtrary  aigng  give  — ,  whereof  take  as  an  example  the  multiplication  of  the  foUow- 
ii^  numbers,  +a,  —b,  — c,  +dL  First  +a  multiplied  by  —6  makes  —ah,  this  by  c  gives 
•4-  oAc,  and  this  last  hj  -^d  gives  -V  abed. 

531.  It  remains  only  to  show  how  to  multiply  numbers  that  are  themselves  products. 
Now,  to  multiply  the  number  ab  by  the  number  or^  it  is  manifest,  firom  what  has  been  said, 
that  the  product  is  abed,  and  that  it  is  obCuned  by  first  multiplying  o6  by  c,  and  the  product 
by  d.  Or,  if  we  had  to  multiply  36  by  1 2,  1 2  being  equal  to  3  times  4,  we  should  first 
mnlriply  36  by  3,  and  the  product  108  by  4,  in  order  to  have  the  whole  product  of  the 
multiplication  of  12  by  36,  or  432.  But,  if  we  have  to  multiply  Sab  by  3xy,  we  may  write 
Sjry  X  Sab ;  but,  as  the  order  of  the  numbers  is  indifferent,  it  is  better,  and  is  the  custom* 
to  place  the  common  numbers  before  the  letters,  and  to  express  the  product  thus :  5  x  Sabxp, 
or  I  Sabxp ;  5  times  3  being  1 5,  so  6abc  by  7xy  gives  42a6cxyh 

WMOLK   KUMBERS    IS    KESPECT   TO   THEIR    FACTORS. 

532.  A  product,  as  we  have  seen,  is  generated  by  the  multiplication  of  two  or  more 
numbers.  These  are  called  factors,  Tlius,  abed  are  the  fiu;tors  of  the  product  abed. 
All  whole  numbers  cannot  result  from  such  a  multiplication :  those  which  are  in  that  pre- 
dicament have  not  any  fiictors.  llius,  4  is  produced  by  2  x  2,  6  by  2  x  3,  8  by  2  x  2  x  2, 
27  by  3  X  8  X  3,  &c.  But  the  numbers  2,  3, 5,  7, 1 1 , 1 3, 1 7,  &c.  cannot  be  represented  by 
fiictors,  unless,  for  the  purpose,  we  make  use  of  unity,  and  represent,  for  instance,  2  by  1  x  2. 
Now,  as  numbers  which  are  multiplied  by  I  remain  the  same,  unity  cannot  be  reckoned  as 
a  foetor.  Hence,  all  numbers,  such  as  2,  3,  5,  7,  &c.,  which  cannot  be  represented  by  foe- 
tors,  are  called  stsiple,  or  prime  nvmbers,  whereas  others,  as  4,  6, 8,  9,  10,  12,  14,  15,  16,  18, 
&e.,  which  can  be  represented  by  foctors,  are  called  compound  numbers .'  simple  or  prime  num- 
hers  cooaeqnently  deserve  particular  attention,  inasmuch  as  they  do  not  result  from  the 
multiplication  of  two  or  more  numbers ;  and  it  is  worthy  of  observation,  that  in  writing 
theae  numbers  in  succession  as  they  follow  each  other,  Uius,  2,  3,  5,  7,  1 1 ,  1 3,  1 7,  1 9,  23, 
29,  31,  87, 41,  43,  47,  &c.,  no  regular  order  is  perceptible,  their  increments  being  sometimes 
greater,  sometimes  less,  and,  as  yet,  no  law  which  they  follow  has  been  discovered. 

533.  All  compoumd  numbers  which  may  be  represented  by  foctors  have  prime  numbers  for 
their  foctors ;  fiir  if  a  foctor  is  found  which  is  not  a  prime  number,  it  may  be  decomposed 
and  represented  by  two  or  more  prime  numbers.  Ibus,  if  we  represent  the  number  30  by 
S  x6f  6y  not  being  a  prime  number,  might  have  been  represented  by  2  x  3,  that  is  5  x  2  x  3, 
in  which  the  numbers  are  all  prime ;  numbers  equally  represent  30. 

There  is  much  diflerence  between  compound  numbers,  which  may  be  resolved  into  prime 
numbers ;  some  have  only  two  foctors,  others  three,  and  others  still  more.     Thus  we  have 
that 
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4  is  the  same  as ....  2  x  8 

8 8x8x2 

10 2x5 

14 2x7 

16 2x2x2x2 


6  is  the  same  as .  .  2x3 

9 SxS 

12 2x3x2 

15 3x5 

and  so  on. 


90*1 
45  U 
15j 


The  analysis,  therefore,  of  any  number,  or  the  resolution  of  it  into  simple  factors,  is  easily 
accomplished.  Take,  for  instance,  the  number  360.  First,  it  may  bo  represented  by 
2  X  1 80.     Then  1 80  is  equal  to  2  x  90,  and 

r2x45 
is  the  same  asK  3  x  15 
Lsx5 

So  that  the  number  360  may  be  represented  by  these  simple  fiustors,  2x2x2x3x3x5, 
since  these  numbers  multiplied  together  produce  360.  lliis  shows  that  prime  numbers 
cannot  be  divided  by  other  numbers,  and  that  the  simple  fiutors  of  compound  numbers  are 
most  conveniently  found  by  seeking  the  prime  numbers,  by  which  compound  numbers  are 
divisible. 

DIVISIOK   OF   SIMPLX  QUANTrrXKS. 

534.  The  separation  of  a  number  into  two  or  more  equal  parts  is  called  dimnon,  which 
enables  us  to  determine  the  magnitude  of  one  of  those  parts.  For  instance,  suppose  we 
wish  to  separate  1 2  into  three  equal  parts,  we  find,  by  division,  that  each  of  those  parts  is 
equal  to  4.  The  number  to  be  divided  is  called  the  dividend^  the  number  of  equid  parts 
into  which  it  is  to  be  separated  is  called  the  divisor^  and  the  magnitude  of  one  of  the 
parts  determined  by  the  division  is  the  quotient :  thus,  in  the  example,  — 

12  is  the  dividend, 

3  is  the  divisor, 

4  is  the  quotient. 

From  this  it  is  evident  that  if  we  divide  the  number  2  into  two  equal  parts,  one  of 
those  parts,  or  the  quotient  taken  twice,  is  exactly  the  number  propooed ;  and  so,  if  a 
number  is  to  be  divided  by  3,  the  quotient  thrice  taken  must  again  give  the  same  number. 
Hence  follows  the  general  rule  that  the  quotient  multiplied  by  the  divieor  reproduce*  the 
dividend.  The  dividend,  indeed,  may  be  considered  a  product,  whereof  one  Victor  is  the 
divisor  and  the  other  the  quotient.  For,  if  we  have  40  to  divide  by  8,  we  have  to  find  a 
product  in  which  one  of  the  iaeton  is  8,  and  another  factor  which  multiplied  by  it  may 
give  40.  Now  5  x  8  is  a  product  which  answers  the  hypothesis,  and  therefore  5  is  the 
quotient  of  40  divided  by  8. 

535.  Generally,  a  number  ab  divided  by  a  gives  a  quotient  h,  because  a  multiplied  by  b 
gives  the  dividend  ab.  So,  if  we  have  to  divide  a6  by  6,  the  quotient  must  be  a.  In  short, 
the  whole  operation  of  division  consists  in  representing  the  dividend  by  two  factors  whereof 
one  is  equal  to  the  divisor  and  the  other  to  the  quotient ;  thus  the  dividend  abe  divided  by 
a  gives  be,  for  a  multiplied  by  be  produces  abc ;  and,  simUiirly,  abe  divided  by  b  gives  oc, 
and  abe  divided  by  ac  gives  b.  So  16xy  divided  by  4x  gives  4)f*  inasmuch  as  4  times  i 
multiplied  by  4  times  y  produces  16xy ;  but  had  16xy  been  divided  by  16,  the  quotient 
must  have  been  xy. 

536.  A  number  a  is  the  same  as  la ;  hence,  if  a  or  la  is  to  be  divided  by  1  the  quotient 
must  be  the  same  number  a ;  but  if  the  same  numb^  <i  or  1  a  be  divided  by  a,  the  quotient 
must  be  1 . 

537.  The  dividend  cannot  always  be  represented  as  the  product  of  two  fiustors,  whereof 
one  is  equal  to  the  divisor ;  in  which  case  other  expressicms  must  be  had  recourse  to.  Thus, 
in  dividing  19  by  6,  it  is  obvious  that  the  number  6  is  not  a  &ctor  of  19«  ibr6x3i8  but 
18,  and  therefore  too  small,  and  6x4  produces  24,  which  is  too  lai^ ;  ftom  which  it  is 
evident  that  the  quotient  is  greater  than  3  and  less  than  4.  To  determine  this  exactly,  a 
species  of  numbers  called /rac/tbas  is  used,  whereof  we  shall  hereafter  treat  But  previous 
to  that,  let  us  investigate  the  number  which  nearest  approaches  to  the  true  quotioit,  with 
attention  to  the  remainder  left,  thus :  — 

6)19(3 
18 


where  the  dividend  is  1 9,  the  divisor  6,  the  quotient  3,  leaving  a  remainder  of  1 .  Now» 
if  we  multiply  the  divisor  6  by  the  quotient  3,  and  thereto  add  the  remainder,  we  have  the 
dividend,  and  this  proves  the  correctness  of  the  division ;  for  3  multiplied  by  6  produces 
18,  to  which,  if  the  remainder  1  be  added,  we  liave  19,  the  dividend. 
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538.  Here  it  ixitist  be  observed,  in  respect  of  the  signs  ■¥  and  — ,  that  +ab  divided  by 
•4-  a  must  be  •¥b;  for  it  is  evident  that  +  a  multiplied  by  +  6  gives  +  ab.     But,  if  +  a6 

be  divided  by  —a,  the  quotient  must  be  —  &»  because  —a  multiplied  by  —A  produces  +<i6. 
Suppose  the  dividend  ^ab  divided  by  -ho*  the  quotient  must  be  —2s  because  —6  multiplied 
by  -f-a  makes  —  a6.     I^utly,  the  dividend  —  a6  divided  by  —a  must  have  for  its  quotient 
-I- 6^  for  the  dividend  —oft  is  produced  by  —a  by  +b. 

539.  In  diviaon,  therefore,  the  same  rules  hold  respecting  the  signs  +  and  —  as  in 
multiplication;  nandy, — 

+  by  +  give  +  and  +  by  —  give  — , 
—  by  +  give  —  and  —  by  —  give  +, 

or,  as  it  is  usually  expressed,  Kke  signs  give  j^ut,  and  uniike  signs  give  mintu. 
Thus,  dividing  21;cy  by  —  Sjr,  the  quotient  is  —  7x  ;  and 

—40^  divided  by  +4p  gives  —  lOq ; 

and  —  72xyz  divided  by  —  8y  gives  +  9xz  ; 

for  —  8y  multiplied  by  +  9xz  makes  —9+SxyZf  or  —  72:ryz. 

THE    raOPBRTUS   or   IKTEOXKS   AS    aXSPXCTS   THKIB    DIVISORS. 

540.  Some  numbers  are,  it  has  been  seen,  divisible  by  certain  divisors,  others  are  not 
so.  Let  us  look  to  this  difference  between  ihem.  Take  the  divisors  S,  8,  4,  5,  6,  7,  8,  9r 
10,  &c. 

541.  Now  in  the  ^visor  2  the  numbers  it  wiU  exactly  divide  are  manifestly  2,  4,  6,  8, 
10,  12,  &c.,  in  which  the  series  increases  uniformly  by  2,  and  they  are  called  even  number$. 
But  in  the  numbers  1,  3,  5,  7,  9,  11,  13,  15,  &c«  there  is  an  uniformly  less  or  greater 
number  by  unity  than  in  the  former  not  divisible  by  2  without  a  remainder  1  ;  these  are 
called  odd  numberB. 

542.  The  general  expression  2a  includes  all  the  even  numbers,  for  they  are  obtained 
by  successively  substitntine  the  integers  1,  2,  3,  4,  5,  6,  7,  &c. ;  and  for  this  reason  the  odd 
numbers  are  comprehended  in  the  expression  2a  + 1,  because  2a  + 1  is  ^preater  by  unity  than 
the  even  number  2a. 

543.  In  the  second  place,  suppose  3  to  be  the  divisor,  the  numbers  it  will  exactly  divide 
are  3,  6,  9, 12,  15,  18,  21,  &c.,  which  numbers  are  comprehended  in  the  expression  3a,  for 
dividing  3a  by  3  the  quotient  is  a  without  a  remainder.  All  other  numbers  that  we  would 
divide  by  3  will  give  1  or  2  for  a  remainder ;  and  hence  they  are  of  two  kinds :  first,  those 
leaving  ihe  remainder  1  after  the  division,  which  are  1,  4,  7,  1(^  13,  16,  &c.,  and  are  con- 
tained in  the  expression  3a  + 1  ;  second,  those  in  which  2  is  the  remainder,  and  these  are 
2,  5,  8,  1 1 ,  1 4,  1 7,  20,  and  these  may  be  expressed  3a  +  2 ;  so  that  all  these  numbers  may 
be  expressed  by  3a,  3a  -i- 1 ,  or  by  3a  +  2. 

544.  Suppose  4  to  be  the  divisor,  it  will  divide  the  following  numbers,  4,  8,  12,  16,  20, 
24,  &C.,  which  increase  uniformly  by  4,  and  are  comprehended  in  the  expression  4a.  All 
other  numbers  not  divisible  by  4  may  leave  the  remainder  1,  or  be  greater  by  1  than  the 
former,  as  1,  5,  9^  13,  17,  21,  &c.,  and  may  be  comprehended  in  the  expression  4a  4- 1  : 
or  they  may  give  2  as  a  remainder,  as  2,  6,  10,  14,  16,  22,  &c.,  and  be  expressed  by 
4a  -4-2 ;  or,  lastly,  they  may  give  the  remainder  3,  and  as  3,  7,  11,  15,  19,  23,  &c.,  and  be 
represented  by  the  expression  4a  +  3.  All  possible  integer  numbers  are  hence  contained  in 
one  or  other  of  the  four  expressions  4a,  4a  + 1 ,  4a  +  2,  4a  +3. 

545.  If  the  divisor  is  5  it  is  nearly  the  same,  for  all  numbers  divisible  by  it  are  com- 
prehended in  the  expression  So,  and  if  not  divisible  by  5  they  may  be  reduced  to  one 
of  these  expressions,  5a  + 1 ,  5a  4>  2,  5a  +  3,  5a  +  4,  and  so  we  may  go  on  to  the  greatest 
divisors. 

546.  It  is  necessary  to  keep  in  mind,  as  we  have  noticed  in  a  previous  passage  on  the 
resolution  of  numbers  into  their  simple  factors^  that  all  numbers  among  whose  factors  are 
found  2  or  3,  or  4y  or  5  or  7,  or  any  other  number,  are  divisible  by  those  numbers.  For 
example,  48  being  equal  to  2x2x3x4,  it  is  clear  that  48  is  divisible  by  2  and  by  3 
and  by  4. 

547.  As  the  general  expression  abed  is  not  only  divisible  by  a  and  6,  and  c  and  d,  but 
also  by 

a6,  oc,  ad,  be,  bd,  cd ; 
and  by  tdfc,  abd,  aed,  bed ; 
and,  lastly,  by  abed,  which  is  its  own  value  : 
it  b  clear  that  48,  or2x2x3x4,  may  be  divided  not  only  by  those  simple  numbers,  but 
by  those  composed  of  two  of  them,  that  is,  by  4,  6,  8»  1 2 ;  and  also  by  those  composed  of 
three  of  them,  that  is,  by  12,  16,  24 ;  and,  lastly,  by  48  itself.     From  this  it  follows,  that 
when  a  number  has  been  represented  by  its  Victor  it  is  easy  to  find  all  the  numbers  by 
wbjeb  it  is  divtrible. 

Q4 


S33 


THEORY  OF  ARCHITECTURE. 


Book  IL 


548.  It  u  neeeMary  to  obwrre,  that  every  number  is  divinble  by  1  and  by  itself,  so  that 
there  u  no  number  that  has  not  at  least  two  fiustors  or  diTisors,  the  number  itself  and 
unity  ;  but  if  a  number  have  no  other  than  these  two  it  belongs  to  the  class  of  numbers 
called  prime  numbers.  With  the  exception  of  those,  all  numbers  have  other  divisor  besides 
unity  and  themselves,  as  may  be  seen  from  the  subjoined  toble,  wherein  all  its  divisors  are 
placed  under  each  number,  and  the  prime  numbers  marked  with  a  P. 


Numbers  -         -        • 

1    2 

3 

4 

5 

l6_,7 

8 

l9_,10,ll 

12 

1314J15 

16 

17 

1819 

20 

■ 

1 

1 

1 

1 

1 

1  !l 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

\ 

2 

3 

2 

5 

2 

7 

2 

3 

2 

11 

2 

IS 

2 

3 

2 

17 

2 

19 

2 

Divisors    -         -         -< 

4 

3 
6 

4 
8 

9 

5 
10 

S 

4 
6 

7 
14 

5 
15 

4 

8 

16 

3 
6 
9 

4 

5 
10 

Number  of  divisors     - 

1 

2 

2 

4 

2 

4 

2 

12 

4 

4 

5 

2 

18 
6 

2 

20 
6 

2 

3 

3!4 

6    2 

P 

P 

P 

P 

P 

1 

P 

P 

1 

P 

P 

We  must  here  observe,  that  0,  or  nothing,  may  be  considered  a  number  having  the  property 
of  being  divisible  by  flJl  possible  numbers,  because  by  whatever  number  aO  b  divided,  the 
quotient  must  be  0 ;  for  the  multiplication  of  any  number  by  nothing  produces  nothing, 
hence  Oa  is  O. 

FBACTIOKS. 

549.  When  a  number  is  said  not  to  be  divisible  by  another  number,  it  only  means  that 
the  quotient  cannot  be  expressed  by  an  integer  number.  For  if  we  imagine  a  line  of  7  feet 
in  length,  it  is  impossible  to  doubt  that  it  may  be  divided  into  three  equal  parts,  of  the  length 
of  each  whereof  a  notion  may  be  formed.  But  as  the  quotient  of  7  divided  by  3  is  not  an 
integer  number,  we  are  thus  led  to  the  consideration  of  a  particular  species  of  numbers 
called /racft'oiu  or  broken  numben.  If  we  have  to  divide  7  by  3  the  quotient  may  be  con- 
ceived and  expressed  by  },  placing  the  divisor  under  the  dividend,  and  separating  them  by 
a  stroke  or  line. 

550.  Generally,  moreover,  if  the  number  a  is  to  be  divided  by  the  number  h,  the  quotient 

is  p  and  this  form  of  expression  is  called  a  ft«ction.     In  all  fractions  the  lower  number  is 

called  the  denominator^  and  that  above  the  line  the  numerator.  In  the  above  fraction  of  ^ 
which  is  read  eeven  thirdM^  7  is  the  numerator  and  3  the  denominator.  In  reading  fractions 
we  call  f  four  fifths,  -j^  seven  eighteenths,  ^  fifteen  hundredths,  and  ^  one  half. 

551 .  In  order  to  become  thoroughly  acquainted  with  the  nature  of  fractions  it  is  proper 

to  begin  by  considering  the  case  of  the  numerator  being  equal  to  the  denominator  as  -^ 

Now  as  this  is  a  representation  of  the  quotient  obtained  by  dividing  a  by  a,  it  is  evident 

it  is  once  contained  in  it,  that  is,  the  quotient  is  exactly  unity,  hence  -  is  equal  to  1  . 

and  for  the  same  reason  all  the  following  fractions,  {»  }>  |*  {»  (>  <(«  &c,  are  equal  to  one 
another,  each  being  equal  to  unity.  It  is  evident,  then,  that  fractions  whose  numerators 
are  less  than  the  denominators  have  a  value  less  than  unity,  for  if  a  number  be  divided  by 
another  which  is  greater,  the  result  must  necessarily  be  less  than  1.  Thus,  if  a  line  two 
feet  long  be  cut  into  three  parts,  two  of  them  will  undoubtedly  be  shorter  than  a  foot ;  it 
is  evident,  then,  that  ]  is  less  than  1 ,  for  the  same  reason  that  the  numerator  2  is  less  than 
the  denominator  3. 

552.  But  i£,  on  the  contrary,  the  numerator  be  greater  than  the  denominator,  the  value 
of  the  fraction  is  greater  than  unity.  Thus  1  is  greater  than  1,  fi»r  |  is  equal  to  )  together 
with  ^  Now  I  is  exactly  1 ,  consequently  i  is  equal  to  1  +  ),  that  is,  to  an  integer  and  a 
third.  So  f  is  equal  to  1],  or  1 } ;  J  is  equal  to  1)  ;  and  !|  is  equal  to  2}.  Generally,  if  we 
divide  the  upper  member  by  the  lower,  and  add  to  the  quotient  a  firaction  whose  numerator 
expresses  the  remainder  and  the  divisor  the  denominator,  we  shall  m  other  terms  represent 
the  fitustion.  For  example,  in  the  firaction  |}  tlie  quotient  is  3  and  the  remainder  3,  hence 
^  is  the  same  as  3^^. 

553.  Fractions,  then,  whose  numerators  are  greater  than  their  denominators,  consist  of 
two  numbers ;  one  of  which  is  an  integer,  and  the  other  a  firactional  number,  in  which  the 
numerator  is  less  than  the  denominator  ;  and  when  fractions  contain  one  or  more  int^ers, 
they  are  called  improper  frae^onM,  to  distinguish  them  fit>m  firactions  properly  so  called,  in 
which  the  numerator  is  less  than  the  denominator,  whence  they  are  less  than  unity,  or  than 
an  integer.      There  is  another  way  of  considering  firactions,  which  may  illustrate  the  sub* 
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jecL  Thus,  in  the  fraction  -^  it  is  evident  that  it  is  five  times  greater  than  -X^  This  last 
fraction  expresses  one  of  the  10  parts  into  which  1  may  be  divided,  and  that  m  taking  five 
of  those  parts  we  have  the  value  of  the  fiaction  -f^ 

554.  It  is  from  this  mode  of  considering  a  fraction  that  the  terms  numerator  and  denomu- 
Molor  are  derived ;  that  is  to  say,  the  lower  number  expresses  or  denote$  the  number  of 
parts  into  which  the  integer  is  divided*  and  is  therefiire  called  the  denomtmatar,  the  upper 
number,  or  that  above  the  line  nwmber»  the  quantity  of  those  parts,  and  is  thence  called  the 
nwameraior.  It  follows,  then,  that  as  the  denominator  is  increased  the  smaller  the  parts  be- 
come, asin4«j,^|>t{«l«  and  so  on ;  and  it  is  evident  that  if  the  integer  be  divided  into  two 
parts,  each  of  those  puts  is  greater  than  if  it  had  been  divided  into  eight  In  this  division 
of  the  int^er  it  is  impossible  to  increase  the  denominator  so  that  the  fraction  shall  be  re- 
duced to  nothing ;  for  into  whatever  number  of  parts  unity  may  be  divided,  however  small 
they  be,  they  still  preserve  some  definite  magnitude.  Indeed,  to  whatever  extent  we  con- 
tinue the  series  fk  fractions  just  named,  they  will  always  represent  a  certain  quantity. 
From  this  has  arisen  the  expression  that  the  denominator  must  be  infinitely  great,  or  infinite, 
to  reduce  the  fraction  to  0^  or  nothing,  which  in  this  case  means  nothing  more  than  that  it 
is  imposrible  to  reach  the  end  of  the  series  of  the  fractions  in  question.  This  idea  is  ex- 
pressed by  the  use  of  the  sign  oo ,  which  indicates  a  number  infinitely  great,  and  we  may 
therefore  say  that  ^  is  really  nothing,  because  a  fraction  can  only  be  lessened  to  nothing 
when  the  denominator  has  been  increased  to  infinity.  This,  moreover,  leads  us  to  another 
view  of  the  matter,  which  is  important  The  fraction  ^,  as  wc  have  seen,  represents  the 
quotient  resulting  firom  the  divinon  of  1  by  ao .  Now,  if  I  be  divided  by  4  or  0,  the  divisor 
will  be  again  oo ,  and  a  new  idea  of  afiinity  is  thus  obtained,  arising  from  the  (Hvision  of  1 
by  O ;  and  thus  we  are  justified  in  saying  that  1  divided  by  0  expresses  oo ,  or  a  number  in- 
finitely great  From  this,  moreover,  we  learn  that  a  number  infinitely  great  is  susceptible 
of  increase,  for  having  seen  that  }  denotes  a  number  infinitely  great,  |,  the  double  of  it, 
must  be  greater,  and  so  on. 

rmoneftTiKS  or  raAcriovs. 

555.  It  has  been  seen  that  {,  ),  \,  {,  &c.  are  equal  to  1,  and  thence  equal  to  one  another ; 
the  same  equality  obtains  in  the  fractions  f  li  }>  f »  &c.,  which,  from  what  has  been  said,  it  is 
obvious  are  each  equal  to  2,  and  to  one  another,  so  the  fractions  ]>  )>  |i  ^  are,  from  their 
coounon  value,  being  S  each,  equal  to  one  another.  In  the  same  way,  a  fraction  may  be 
represented  in  an  infinity  of  ways  by  multiplying  the  numerator  and  denominator  by  the 
same  number,  be  that  number  what  it  may  ;  thus,  )» |*  fit  ft  H*  &c*  >ure  equal,  the  common 
value  being  ).     So,  to  give  another  example,  j,  j^  f^,  ^,  ^  are  all  equal  to  f     Hence,  we 

arrive  at  the  general  conclusion  that  the  fiaction  ?,  may  be  equally  represented  by  the 

following  expressions,  each  equal  to  J>  viz.  |*  ^*    ^*  -^  &c.     That  this  is  the  case  we 

may  see  by  substituting  a  certain  letter  c  for  the  firaction  ^>  which  letter  we  will  consider 
as  jepresenting  the  quotient  of  a  divided  by  b ;  recollecting,  then,  that  the  multiplication 
of  the  quotient  e  by  the  divisor  b  must  give  the  dividend ;  for  by  the  hypothesis,  as  e 
multiplied  by  b  gives  a,  it  is  evident  that  e  multiplied  by  25  must  give  2a,  that  c  multiplied 
by  Sb  will  give  Sa ;  and  that  in  general  c  multiplied  by  mi  (m  representing  any  given 
number)  must  give  ma.  The  converse  brings  us  to  the  division  of  a  by  6,  in  which,  if  we 
divide  the  product  mahj  mb  one  of  the  foctors,  the  quotient  is  equal  to  c,  the  other  &ctor. 

But  ma  divided  by  mb  gives  ako  the  fiaction  ^*  which  is  therefore  equal  to  c,  which  was 
the  matter  to  be  proved  ;  for  c  was  assumed  as  the  value  of  the  fraction   ^»  and  hence  this 

fraction  is  equal  to  the  fraction  ^*  whatever  the  value  of  m. 

556.  The  infinite  forms  in  which  fltwtions  may  be  represented,  so  as  to  express  the  same 
value,  has  been  before  shown ;  and  it  is  obvious,  that  of  those  forms,  that  which  is  given 
in  the  smallest  numbers  is  more  immediately  understood.  Thus  the  friiction  },  or  one 
quarter,  is  more  easily  comprehended  than  ^  ip  fp  £,  Ac.  It  therefore  becomes  a  matter 
of  convenience  to  express  a  fraction  in  the  least  possible  numbers,  or  in  its  least  terms. 
This  is  a  problem  not  diflicult  of  resolution  when  we  recollect  that  all  fractions  retain  their 
value  if  the  numerator  and  denominator  are  multiplied  by  the  same  number,  frron  which 
we  also  learn  that  if  they  are  divided  by  the  same  number  their  value  is  not  altered.  As 
an  example  in  the  general  expression  ^*  if  both  numerator  and  denominator  be  divided 
by  the   number  ai,  we  obtain  the  fraction  ^*  which  has  before  been  seen  to  be  equal 

5SI»  From  the  above,  then,  it  is  evident  that  to  reduce  a  fiaction  to  its  least  terms,  we 
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have  only  to  find  a  number  which  will  divide  the  numerator  and  denominator,  and  this  num- 
ber ia  called  a  common  diviaor,  which  if  we  can  find,  the  firaction  may  be  reduced  to  a  lower 
form ;  but  if  we  cannot  find  such  a  number,  and  unity  is  the  only  common  divisor  that  can 
be  found,  the  fraction  is  already  in  its  simplest  form.  Thus,  taking  the  firaction  g^  we 
may  immediately  perceive  that  2  will  divide  both  the  terms,  whereof  the  result  is  ^ ;  this 
result  is  again  divisible  by  2,  by  which  the  fraction  is  reduced  to  (J,  in  which  we  again  find 
S  as  a  common  divisor,  and  the  result  of  that  is  j).  In  this  we  may  perceive  that,  as  2  will 
no  longer  divide  the  terms,  another  number  must  be  sought,  and  by  trial  that  number  will 
be  seen  to  be  3,  by  using  which  we  obtain  the  firaction  -fy  the  simplest  expression  to  which 
it  can  be  reduced,  for  1  is  the  oaly  common  divisor  of  the  numbers  4  and  15,  and  division  by 
unity  will  not  reduce  those  numbers.  This  property  of  the  invariable  value  of  fractions 
leads  to  the  conduaon  that  in  the  addition  and  subtraction  of  them,  the  operations  are  per- 
formed with  di£Bculty,  unless  they  are  reduced  to  expressions  wherein  the  denominators  are 
equal.  And  here  it  wUl  be  useful  to  observe  that  all  integers  are  capable  of  being  represented 
by  firactions;  for  it  is  manifest  that  9  and  f  are  the  same,  9  divided  by  1  giving  a  quotient 
of  9  ;  which  last  number  may  also  be  equally  represented  by  ]f,  ^  ^|,  ^i^,  &c.  &c. 

ADDITION    AKD    SUBTaACTlON    OF    FaACTIONS. 

558.  When  the  denominators  of  firactions  are  equal  thev  are  easily  added  to  and  sub- 
tracted from  one  another:  thus,  j  +(  is  equal  to  |  or  l,and  {— }  is  equal  to  )  or  ^  In 
this  case,  either  for  addition  or  subtraction,  it  is  only  necessary  to  change  the  numerators  and 
place  the  common  doiominator  under  the  result,  thus  :  — 

Vj  "•  "A  "A  +  A  "=  A 

4  +  ?-torl 

I  -  J  +  J  «  J  or  nothing. 

If  fractions  have  not  the  same  denominator,  they  must,  for  the  purpose  in  question, 
be  changed  into  others  that  are  in  that  condition.  For  an  example,  let  us  take  the  frac- 
tions \  and  I ;  it  is  evident  that  I  is  the  same  as  |,  and  that  ^  is  equivalent  to  } ;  the  frac- 
tions for  adding  together  thererore  become  }  +  })  whose  sum  is  ^  If  the  latter  is  to  be 
subtracted  from  the  former,  or,  in  other  words,  to  be  united  by  the  sign  — ,  as  |  —  |,  we  shall 
hAvei-hoT  ^ 

559.  It  often  becomes  necessary  to  reduce  a  number  of  fractions  to  a  common  deno- 
minator :  thus,  suppose  we  have  the  fractions  1*  }•  )« |«  (•  We  have  here  only  to  find  a 
number  divisible  by  all  the  denominators  of  those  firactions.  In  the  above  ease,  that 
number  will,  by  trial,  be  seen  to  be  60,  which  therefore  will  be  the  common  denominator. 
Substituting  this,  we  shall  have  fA  instead  of  ^ ;  K  instead  of  ]  ;  J{  instead  of  ] ;  J|  instead 
of  I ;  and  |}  instead  of  1  The  addition  of  all  these  fractions  thus  becomes  simple  enough, 
for  we  have  only  to  add  the  numerators  together,  and  place  under  that  sum  the  common 
denominator,  that  is  to  say,  we  shall  have  W,  which  is  equal  to  3^  or  3^^  Thus,  all  that  is 
necessary  is  to  change  two  fractions  whose  denominators  are  unequal  into  two  others  whose 

denominators  are  equal   For  the  performance  of  this  generally,  if  f  and  ^  be  the  firactions, 

first  multiply  both  the  terms  of  the  first  fraction  by  d,  and  we  shall  have  ?j  equal  to  ? . 
then  multiply  both  the  terms  of  the  second  fractions  by  6,  and  we  have  its  equivalent  value 
in  ^  whereby  also  the  two  denominators  are  become  equal.     The  sum  of  these  firactions 

is  now  readily  obtained,  being  — 2^-»  tmd  their  difference  is  evidently  —^^.  Suppose  the 
firactions  {  and  {  proposed,  we  have  in  their  stead  ;}{  and  f},  whereof  the  sum  is  Vff^  and 
the  difference  iff.  It  is  by  the  method  just  mentioned  that  we  are  enabled  to  ascertain 
which  is  the  greater  and  which  the  less ;  thus,  in  the  two  fractions  }  and  J,  it  is  evident 
that  the  last  is  smaller  than  the  first,  for,  reduced  to  the  same  denominator,  the  first  is  |I, 
and  the  second  )],  whence  it  is  evident  that  }  is  less  than  }  by  J^. 

560.  To  subtract  a  fraction  from  an  integer,  it  b  only  necessary  to  change  one  of  its  units 
into  a  fraction  having  the  same  denominator  as  that  which  is  to  be  subtracted :  thus  to  sub- 
tract I  from  1  we  write  \  instead  of  1,  from  which  if  |  be  taken  {  remain.  Again,  suppose 
I  is  to  be  subtracted  from  2,  we  may  either  write  ]  or  1|,  from  which  |  subtracted  leave  i 
or  1  j.  It  is  only  necessary  to  divide  the  numerator  by  the  denominator,  to  see  how 
many  integers  it  contains.  We  have  nearly  the  same  operation  to  perform  in  adding 
numl)ers  composed  of  integers  and  fractions ;  thus,  let  it  be  proposed  to  add  5\\  to  3L  then 
taking  ^  and  ^  or,  «rhich  is  the  same,  I  and  S,  their  sum  is  ft;  the  sum  total,  therefore,  will 
beSj. 
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MULTIPUCATION    AND    DITIBION   OF    FRACTIONS. 

561.  For  the  multiplication  of  a  fraction  by  an  integer,  or  whole  numberi  the  rule  is  to 
multiply  the  numerator  only  by  the  given  number,  the  denominator  remaining  unchanged : 
thus  — 

2  times  or  twice  ^  makes  |  or  1  integer, 

2  times  or  twice  }  makes  |, 

3  times  or  thrice  I  makes  )  or  j, 

4  times  -j^  makes  ^  or  l-j>3  or  1  ]. 

But  when  it  can  be  done,  it  is  preferable  to  divide  the  denominator  by  the  integer, 
inasmuch  as  the  operation  is  shortened  by  it ;  for  example,  in  multiplying  |  by  3,  by  the 
rule  above  given,  we  have  y>  which  is  reduced  then  to  |,  and,  lastly,  to  2).  But  if  the 
numerator  remun  and  the  denominator  is  divided  by  the  integer,  we  have  at  once  §  or  2] 
for  the  product  sought.     Likewise  y  multiplied  by  5  gives  '^  or  3|,  that  is  S|. 

568.  Generally,  then,  the  product  of  the  multiplication  of  a  fraction  |  by  c  is  -|,  and 

it  is  to  be  observed  that  when  the  integer  is  exactly  equal  to  the  denominator,  the  product 
most  be  equal  to  the  numerator.     So  that  — 

^  taken  twice  gives  1, 

}  taken  thrice  gives  2, 

)  taken  4  times  gives  3. 

and,  generally,  if  the  fraction  ^  be  multiplied  by  the  number  b,  the  product,  as  has  already 

been  seen,  must  be  6,  for  as  j^  represents  a  quotient  resulting  fiv>m  the  division  of  the  dividend 

a  by  the  divisor  b,  and  since  we  have  seen  that  the  quotient  multiplied  by  the  divisor  will 

give  the  dividend,  it  is  evident  that  g  multiplied  by  6  must  produce  a.     We  are  next  to 

eonadder  how  a  fraction  can  be  divided  by  an  integer  before  proceeding  to  the  multiplica< 
tion  of  fractions  by  fractions.  It  is  evident,  if  I  have  to  divide  the  fraction  )  by  3,  the 
result  b  |,  and  that  the  quotient  of  J  divided  by  4  is  | :  the  rule  is  therefore  to  divide  the 
numerator  by  the  integer,  and  leave  the  denominator  unchanged.     Thus  — 

^  divided  by  2  gives  ^, 

II  divided  by  7  gives  ^,  &c.  &e. 

563.  The  rule  b  easily  applied  if  the  numerator  be  divisible  by  the  number  proposed  ; 
as  this  is  not  always  the  case,  it  is  to  be  observed  that  a  fraction  may  be  transformed  into 
an  infinite  number  of  similar  expressions,  in  some  of  which  the  numerator  might  be  divided 
by  the  given  integer.  Thus,  for  example,  to  divide  |  by  2,  we  may  change  the  fraction  into 
%  in  which  the  numerator  may  be  divided  by  2,  and  the  quotient  is  therefore  ]. 

564.  In  general,  to  divide  the  fraction  ^  by  c,  it  is  changed  into  ^  and  then  dividing 
the  numerator  ac  by  e,  write  ^  for  the  quotient  sought. 

565.  Hence,  when  a  fraction  ^  is  to  be  divided  by  an  integer  c,  it  is  necessary  merely 


according  to  the  first  given  rule  j^  but  by  this  last  rule  we  at  once  obtain  fg,  an  expres- 
sion equivalent  to,  but  more  simple  than,  ^. 

566.  We  now  perceive,  then,  in  what  way  one  fraction  |  may  be  multiplied  by  another 
^.     Here^  means  that  c  is  to  be  divided  by  d,  and  on  this  principle  we  must  first  multiply 

J  by  c^  the  result  whereof  is  j,  after  which  we  divide  by  d,  which  gives  ^ 

From  this  arises  the  rule  for  multiplying  fractions,  which  is,  to  multiply  the  numerators 
and  denominalors  separately.     Thus  -— 

\  multiplied  by  J  gives  the  product  ,\, 

]  multiplied  by  -^^  produces  J{, 

I  multiplied  by  ^  produces  |^  Sec.  &c. 

567.  We  are  now  to  see  how  one  fraction  may  be  divided  by  another.  And,  first,  it  is  to 
be  observed,  that  if  the  two  fractions  have  similar  denominators,  the  division  is  performed 
only  with  respect  to  the  numerators,  for  it  is  manifest  that  A  are  as  many  tiroes  contained 
in  j^  as  3  in  9,  that  is,  three  tiroes  ;  and  in  the  same  manner  m  order  to  divide  ^  by  <^,  we 
have  only  to  divide  7  by  9  which  is  {.  So  we  shall  have  ^  in  |3  3  times,  ^ Jq  in  {' 
7  timesi 
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568.  If  the  denominators  of  the  fractions  are  not  equal,  they  must,  by  the  method  before 
giren,  be  reduced  to  a  common  denominator.     Thus,  if  the  fraction  r  is  to  be  divided  by 

2*  we  have  ^  to  be  divided  by  ^ ;  vhence  it  becomes  evident  that  the  quotient  will  be  re- 
presented simply  by  the  division  of  a<i  by  frc  or  ^.     Hence  the  following  rule :  multiply 

the  numerator  of  the  dividend  by  the  denominator  of  the  divisor,  and  the  denominator  of 
the  dividend  by  the  nuracartor  of  the  divisor,  the  first  product  will  be  the  numerator  of  the 
quotient  and  the  second  its  denominator. 

569.  If  this  rule  be  applied  to  the  division  of  )  by  }  we  have  {}  or  Ij,  and  \\  by  |  gives 

w  or  ^ 

570.  There  is  a  rule  which  operates  the  same  results,  and  is  more  easily  recollected ; 
it  is,  to  invert  the  fraction  which  is  the  divisor,  that  is,  place  the  denominator  for  the  nu- 
merator and  the  numerator  for  the  denominator  ;  then  multiply  the  numerators  together 
for  a  new  numerator,  and  the  denominators  for  a  new  denominator,  and  the  product  will  be 
the  quotient  sought  Thus,  \  divided  by  |  is  the  same  as  \  multiplied  by  i,  which  make  |. 
Also  \  divided  by  ]  is  the  same  as  }  multiplied  by  1,  which  is  \\  ;  that  is,  m  general  terms, 
to  divide  by  the  fraction  \  is  the  same  as  to  multiply  by  \  or  2,  that  division  by  |  is  the 
same  as  multiplication  by  f  or  by  3. 

571.  Thus,  the  number  100  divided  by  (  is  200,  and  1000  divided  by  \  will  give  3000. 
So  also  if  1  be  divided  by  -JU  the  quotient  would  be  1000 ;  and  1  divided  by  inlon  gi^es 
100,000.  This  view  is  usetul  in  enabling  us  to  conceive  that,  when  any  number  isdivided 
by  0,  the  result  must  be  a  number  infinitely  great ;  for  the  divinon  of  1  by  the  small  frac- 

^^o°  TNiR4<"^  ^'^^  ^^^  ^  quotient  1,000,000,00a 

572.  Asevery  number,  when  divided  by  itself  produces  unity,  a  fiturtion  divided  by 
itself  must  also  give  1  for  a  quotient.  For  to  divide  j|  by  4»  ▼«  must,  by  the  rule,  multi- 
ply I  by  },  by  which  we  obtain  ||,  or  1  ;  and  if  it  be  required  to  divide  |  by  ^i  we  multiply 

J  by  ^  ;  now  the  product  ^  is  equal  to  1 . 

573.  There  remains  to  explain  an  expression  in  frequent  use,  —  such,  for  instance,  as  the 
half  of  -jji :  this  signifies  that  we  must  multiply  fn  by  L  which  is  ^  So,  if  it  be  required 
to  know  the  value  of  il  of  {,  they  are  to  be  multipliea  together,  which  produces  l^  ;  and 
j  of  {^  is  the  same  as  f^  multiplied  by  |,  which  produces  ]J. 

574.  We  have,  in  a  previous  section,  laid  down  for  integers  the  signs  of  +  and  — ,  and 
the  same  rule  holds  with  regard  to  fractions.  Thus  +  A  multiplied  by  —J  makes  •>  J  ;  and 
—  ]  multiplied  by  — }  gives  +4)'  Further,  —  ^  divided  by  +]  mokes  —  |,  or  —  iji  and 
— I  divided  by  —J  makes  +y,  or  3|i  that  is>  ^ 

SQUARE    NUMBXRS. 

575.  If  a  number  be  multiplied  by  itself,  the  product  is  called  a  9qware,  in  relation  to 
which  the  number  itself  is  called  a  tquare  root.  Thus,  if  we  multiply  1 2  by  12,  the  pro- 
duct 144  is  a  square  whose  root  is  12.  The  origin  of  this  term  is  borrowed  fitmi 
geometry,  by  which  we  learn  that  the  contents  of  a  square  are  found  by  multiplying  its 
side  by  itseUl 

576.  Square  numbers,  therefore,  are  found  by  multiplying  the  root  by  itself.  Thus,  1 
is  the  square  of  1  ;  since  1  multiplied  by  1  makes  1.  So  25  is  the  square  of  5,  and  64  the 
square  of  8.  7,  also,  is  the  root  of  49,  and  9  is  the  root  of  81.  .  Beginning  with  the 
squares  of  natural  numbers,  we  subjoin  a  small  table,  in  the  first  line  whereof  the  roots  or 
numbers  are  ranged,  and  on  the  second  their  squares. 


Numbers    .     . 
Squares .     .     . 

1 

2 

3 

5 

• 

6 

7 

8 

9 

10 

11 

12 
144 

13 

1 

4 

9 

25 

36 

49 

64 

81 

100 

121 

169 

577.  A  singular  property  will  be  immediately  perceived  in  this  table,  which  is,  that  in 
the  series  of  square  numbers,  if  the  preceding  one  be  subtracted  fitim  that  following,  the 
remainders  always  increase  by  %  forming  the  following  series  — 

3,  5,  7,  9,  11,  13,  15,  17,  19,  21,  &c., 

which  is  that  of  the  odd  numbers. 

578.  The  squares  of  fractions  arc  found  in  the  same  manner  as  those  of  whole  numbers, 
that  is,  by  multiplying  any  given  fraction  by  itself;  thus  the  square  of  ^  is  ^ 


The  square 
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Hcnoe  we  haye  onlj  to  diTide  the  square  of  the  nmnentor  by  that  of  the  denominator,  and 
the  firaction  exprcflsuig  that  diviaon  U  the  square  of  the  given  fraction.  Thus  |{  is  the 
square  of  {,  and,  reeiprocally,  {  is  the  root  of  |f . 

579.  If  the  sqnare  of  a  mixed  number,  or  one  that  is  composed  of  an  integer  and  a 
fiaction,  be  sou^t,  no  more  is  necessary  than  to  reduce  it  to  a  single  fraction,  and  then 
take  the  square  of  that  fiaction.  Thus,  to  find  the  square  of  2),  it  must  first  be  expressed 
by  the  fraction  ) ;  and,  taking  its  square,  we  have  ft*  ®'  ^  ^^'  ^^  value  of  the  square  of 
8|.  And  so  of  any  simiUu*  numbers.  The  squares  of  the  numbers  between  3  and  4,  sup- 
posing them  to  increase  by  one  fourth,  are  as  follow :  — 


Numbers    .     . 
Squares       .     . 

3 

H  ■] 

H 

Sf                4 

9 

»oft 

18J 

»H 

16 

From  this  small  tabular  view  it  may  be  inferred  that  if  a  root  contain  a  fhurtion,  its 
square  also  contains  one.  Thus,  let  the  root  be  I -j^  its  square  is  fff,  or  1^^  that  is,  rather 
noore  than  half  as  great  agun  as  the  int^per  I . 

580.  Generally,  when  the  root  is  a  the  square  root  must  be  oa  ;  if  the  root  be  9a  the 
square  will  be  4aa ;  from  which  it  is  evident  that  by  doubling  the  root  the  square  becomes 
4  times  greater  ;  for  If  the  root  be  4a,  the  square  is  16aa.  If  the  root  be  aft,  the  square  is 
ao66  ;  if  ofte,  the  square  is  aabbee, 

581.  Thus,  then,  if  the  root  be  composed  of  more  fiietors  than  one,  their  squares  must 
be  multiplied  together ;  and,  reciprocally,  if  a  square  be  composed  of  more  than  one  fiictor 
whereof  each  is  a  square,  it  is  only  necessary  to  multiply  the  roots  of  these  squares  to  ob- 
tain the  complete  square  of  the  root  proposed.  Thus,  as  5184  is  equal  to  9  x  16  x  36,  the 
square  root  of  it  is  3  x  4  x  6,  or  72 ;  and  72,  it  will  be  seen.  Is  the  true  square  root  of  5184; 
for  78x78  gives  5184. 

583.  Here  we  must  for  a  moment  stop  to  sec  how  the  signs  -i-  and  —  affect  our  opera- 
tions :  and,  first,  it  cannot  be  doubted  that  if  the  root  is  a  positive  quantity,  that  is,  with 
the  rign  +  before  it,  its  square  must  be  a  positive  quantity  ;  for  +  by  +  makes  +  :  thus, 
the  square  of  -f  a  will  be  -l-aa.  So,  also,  if  the  root  be  a  negative  number,  as  ->a,  the 
square  will  still  be  positive,  for  it  is  -iroa;  from  which  it  follows  that  of  •(-  a,  as  well  as 
-^a,  the  square  ia  +aai  hence  every  square  has  two  roots,  one  positive  and  the  other 
n^pative.  For  example,  the  square  of  16  Is  both  4  4  and  —4,  because  —4  multiplied  by 
~4  gives  16,  as  well  as  4-4  by  4-4. 


SQUAax  aooTs,  akd  thx  ikaational  xumbxrs  that  result  raoM  thxk. 

583.  In  the  last  section  it  has  been  seen  that  the  square  root  of  any  number  is  but  one 
whose  square  b  equal  to  the  given  number,  and  that  to  those  roots  the  positive  or  negative 
rign  may  be  prefixed ;  so  that  if  we  could  remember  a  suflicient  number  of  squares,  their 
roots  would  at  the  same  time  present  themselves  to  our  mind.  Hius,  if  144  were  the 
given  number,  we  should  at  once  recollect  that  its  square  root  is  1 2. 

584.  For  the  same  reason  fractions  would  be  easily  managed ;  for  we  at  once  see  that 
I  is  the  square  root  of  Q,  inasmuch  as  we  have  only  to  take  the  square  root  of  the  numerator 
and  that  of  the  denominator  to  be  convinced  of  it. 

If  we  have  to  deal  with  a  mixed  number,  we  have  only  to  put  it  in  the  shape  of  a  ringle 
fraction  :  for  example,  1 2]  is  equivalent  to  ^  ;  and  we  see  by  inspection  that  }  or  3}  must 
be  the  square  root  of  1 3^  But  when  the  given  number  is  not  a  square,  as,  for  example,  1 8, 
U  is  not  possible  to  extract  its  square  root,  that  is,  to  find  a  number  multiplied  by  itself 
whose  product  is  12.  It  is,  however,  clear  that  the  square  root  of  12  is  greater  than  3  ; 
for  3x3  produces  only '9  ;  and  it  must  be  less  than  4,  because  4x4  produces  16,  which  is 
greater  than  1 2.  From  the  table  just  given  we  may  see  that  the  sciuare  of  3^  or  }  is  1 2J ; 
hence  the  root  must  be  less  than  3^.  We  may,  however,  come  nearer  to  this  root  by  com- 
paring it  with  3^ ;  for  the  square  of  3^  or  of  f|,  is  ^S  or  12,^,,  a  fraction  only  greater 
by  ^  than  the  root  required.  Now,  as  31  and  3^  arc  both  greater  than  the  root  of  1 2,  it 
might  be  possible  to  add  to  3  a  fraction  a  littie  less  than  -Jg,  precisely  such  that  the  square 
(^  such  sum  should  be  exactiy  equal  to  1 2.  Trying,  therefore,  with  3},  }  being  a  littie 
leas  than  Jg,  we  have  3|,  equal  to  V,  whose  square  is  'Jf,  and  consequently  less  than  1 2  by 
Hi  because  12  may  be  expressea  by  ^f.  Hence  we  perceive  that  3i|  is  less  and  3|^  is 
greater  than  the  root  required.  Trying  a  number,  Sfp  which  is  a  littie  greater  than  3|, 
but  less  than  3^  its  equivalent  is  ^  and  it  will  have  for  its  square  ^ ;  and  as  12  re- 
duced to  the  same  denominator  is  Ifff,  we  thus  find  that  3^  is  as  yet  less  bv  <|{j  than  the 
root  of  12.  If  for  ff  the  fraction  -ftp  which  is  a  littie  greater,  be  substituted,  we  have  the 
square  of  3^  equal  to  W ;  and  1 2  reduced  to  the  same  denominator,  or  multiplied  by 
169,  equal  to  ^ ;  so  that  3^  is  yet  too  small,  though  only  by  ,]g,  whilst  3^  has  been 
found   too  great      From  this  it  is  evident  that  whatever  fraction  be  joined  to  3,  the 
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square  of  that  sum  will  always  contain  a  fraction,  and  will  not  be  equal  exactly  to  the 
integer  1 2.  For,  knowing  that  the  square  root  of  1 2  is  greater  than  3^  and  less  than 
S-^  we  are  nevertheless  unable  to  assign  between  the  two  an  intermediate  fraction,  which, 
aaded  to  S,  precisely  expresses  the  square  root  of  1 2.  But  it  must  not  therefore  be  said 
that  the  square  root  of  1 2  cannot  be  absolutely  determined,  but  only  that  it  cannot  be 
expressed  by  fractions. 

585.  We  hence  find  that  there  exists  a  species  of  numbers  which,  though  not  expresnble 
by  fractions,  are  yet  determinate  quantities,  and  of  this  the  square  root  of  1 2  furnishes  an 
example.  Tliis  species  of  numbers  are  termued  irrational  nunUfera,  and  occur  as  often  as  w* 
attempt  to  find  the  square  root  of  a  number  which  is  not  a  square.  Thus,  S  not  being  a 
perfect  square,  its  square  root,  or  the  number  which,  multiplied  by  itself  would  produce  2, 
is  an  irrational  quantity.  Such  numbers  are  also  called  turd  guantiUetf  or  inemmmem- 
ntrabUs ;  and  though  they  cannot  be  expressed  by  fractions,  they  are,  nevertheless,  magni- 
tudes of  which  an  accurate  idea  may  be  formed.  In  the  case  of  the  number  12,  for 
example,  though  its  square  root  is  not  apparent,  we  know  that  it  is  a  number  which, 
multiplied  by  itself,  would  exactly  produce  1 2 ;  and  this  is  a  property  which,  by  the  power 
of  approximating  to  it,  is  enough  to  enable  us  to  form  some  idea  of  it 

586.  Having  now  obtained  a  distinct  idea  of  the  nature  of  these  irrational  numbers,  we  must 
introduce  to  the  reader  the  use  of  the  sign  V  (square  root),  which  is  used  to  express  the 
square  roots  of  all  numbers  that  are  not  perfect  squares.  Tlius  </12  signifies  or  represents 
the  square  root  of  12,  or  that  number  which,  multiplied  by  itself  produces  12.  So  V  2  re- 
presents the  square  root  of  2,  V]  that  ot ),  and,  generally,  ^a  represents  the  square  root  of 
the  number  a.  I^  therefore,  we  have  at  any  time  to  express  the  square  root  of  a  number, 
all  that  is  necessary  is,  to  prefix  to  it  the  sign  >/.  This  explanation  of  irrational  numbers 
enables  us  to  apply  to  them  the  known  methods  of  calculation.  For,  inasmuch  as  the 
square  root  of  2  multiplied  by  itself  must  produce  2,  we  know  that  '/2  x  V2  will  produce 
2,  and  that  V]  x  V]  makes  §  ;  and  so  of  any  other  number,  and,  generally,  that  »/a  x  Va 
produces  a, 

587.  When,  however,  it  is  required  to  multiply  >/a  by  V&,  the  product  \b  */ah^  for  it 
has  been  heretofore  shown  that  when  a  square  has  two  or  more  fiurtors,  its  root  is  com- 
posed of  the  roots  of  those  factors.  Hence  wc  find  the  square  root  of  the  product  oA, 
which  is  ^aby  by  multiplying  the  square  root  of  o,  or  Vo,  by  the  square  root  of  fr,  or  V6. 
And  from  this  it  is  evident  that  if  (  were  equal  to  a,  ^^aa  would  be  the  product  of  v^a  by 
V6.     Now,  there  can  be  no  doubt  that  -/aa  must  be  a,  for  aa  is  the  square  of  a. 

588.  In  division,  if  it  be  required  to  divide  ^a  by  a/h,  the  quotient  must  be  ./ f  in 

which  it  may  be,  that  the  irrational  number  may  vanish  in  the  quotient.  Thus,  in  the  case 
of  dividing  VI 8  by  V8,  the  quotient  Is  a/^|,  which  is  reduced  to  V(,  and,  consequently, 
to  ),  {  being  the  square  of  |.        ^ 

589.  When  the  number  to  which  the  radical  sign  v^  is  prefixed  happens  to  be  a  square, 
the  expression  of  the  root  follows  the  ordinary  course.     Thus,  V4  is  equivalent  to   2 ; 

V9  is  the  same  as  3  ;  '/81  the  same  as  9  ;  and  12J  the  same  as  J  or  3| ;  in  which  instances 
the  irrationality  is  but  apparent,  and  vanishes. 

590.  No  difliculty  occurs  in  multiplying  irrational  by  ordinary  numbers.  Thus  2 
multiplied  by  »/S  produces  2v^5,  and  3  multiplied  by  v^2  produces  Sv^2.  In  the  last 
instance,  however,  as  3  is  equal  to  V9,  the  expression  is  also  S  times  V'2  by  ^9  multi- 
plied by  'J 2  or  by  VI 8.     In  the  same  way  of  considering  this  matter,  2  Va  is  the  same  as 

V4a,  and  S^a  is  equivalent  to  V9a.    Generally,  h  Va  is  equivalent  to  the  square  root  of  Ua 

or  ^/ahb ;  and,  reciprocally,  when  the  number  preceded  by  the  radical  sign  ccuatains  a  square, 
the  root  of  the  square  may  be  prefixed  to  the  sign,  as  in  writing  h  Va  instead  of  V66a. 
From  this  it  will  be  easy  to  comprehend  the  following  expressions :  — 


a/  8  or  >v/2-4 
VI 2  or  //3-4 
VI 8  or  V2^ 
V24or  v/6'4 


V32  or  V2  16 
-v/75  or  V3-25 


is  equivalent  to  • 


2V2 
2^3 
3V2 
2Ve 
4V2 
5V3 


On  the  foregoing  principles  the  operations  of  division  are  based,  for  ^a  divided  by  V^  must 
be  ^    or  vf ,  and  thus  — 


VJ 

V18 
V2 


v^  or  ^^4,  that  is,  2 


.  is  equal  to 


.18 


Vg  or  y/9,  that  is,  3 


18 


y'j  or  v'4,  that  is,  2 
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Andagain-— 

«  1  fV*   ^,     A 


V2 

12 
V6 


;>^    or  Vg  or  V2 
19  equal  to  \^   or  v|  or  y^ 


i^  or  ^^  or  v«4,  or  V6  x  4 ;  or,  lastly,  9^. 

591.  It  is  unnecessary  to  follow  this  out  in  division  and  subtraction,  because  the  numbers 
are  merely  connected  by  the  signs  -t-  and  — .  For  example,  ^2  added  to  VS  is  expressed 
^2  +  v'S ;  and  -/6  subtracted  from  VIO  is  written  -/lO-  ^6. 

593.  For  the  purpose  of  Hicfitig^iiahmg  these  numbers  from  all  others  not  similarly  cir> 
cumstanoed,  the  latter,  as  well  integral  as  fractional,  are  denominated  rational  numbers ;  and 
thence,  when  we  speak  of  rational  numbers,  it  is  to  be  understood  that  we  speak  of  integers 
or  fractions. 

IXPOSSIBLX   OR    lUAGIKART   QUAyrmiS. 

593.  The  squares  of  numbers,  whether  negative  or  positive,  as  we  have  shown  above,  are 
always  affected  by  the  +  or  positive  sign,  for  it  has  been  seen  that  —a  multiplied  by  —a 
produces  +  az,  in  the  same  way  as  +  a  by  -fa  produces  the  same  result ;  and  it  was  on 
this  account  that  in  the  preceding  section  all  the  numbers  whose  roots  were  to  be  extracted 
were  considered  positive.  I^  however,  the  root  of  a  negative  number  is  to  be  extracted,  a 
difficulty  arises,  because  there  is  no  assignable  number  whose  square  would  be  a  negative 
quantity.  I^  for  instance,  we  wanted  the  root  of  —4,  we  have  to  search  for  a  number 
which,  multiplied  by  itself,  will  produce  ~4.  Hsu  number  can  be  neither  +2  nor  —2, 
because  the  squares  of  both  will  be  +  4,  and  not  —4.  Hence  we  must  conclude  that  the 
square  root  of  a  negative  number  is  neither  positive  nor  negative,  inasmuch  as  that  the 
squares  of  negative  numbers  are  affected  by  the  sign  + .  The  root  must,  therefore,  belong 
to  a  species  of  numbers  entirely  distinct  from  all  others,  for  it  cannot  be  placed  among 
either  positive  or  n^ative  numbers. 

594.  It  has  been  observed  that  all  positive  numbers  are  greater  than  0^  and  that  all 
n^^tive  numbers  are  less  than  0 ;  hence  whatever  exceeds  0  is  a  positive  number,  and  that 
which  is  less  than  O  must  be  expressed  by  negative  numbers.  Thus  the  square  roots  of 
negative  numbers  arc  neither  greater  nor  less  than  nothing.  But  they  are  not  0,  because 
the  product  of  0  multiplied  by  0  is  0,  and  does  not,  therefore,  produce  a  negative  number. 
But  as  all  conceivable  numbers  are  greater  or  less  than  0,  or  are  O  itself  the  square  root 
of  a  negative  number  cannot  be  ranked  among  possible  numbers ;  hence  it  is  said  to  be  an 
impossible  quantity ;  and  it  is  this  which  leads  us  to  an  idea  of  numbers  which  are  na- 
turally impossible.  They  are  usually  called  imaginary  gmantitietf  from  their  existing  only 
in  imagination.  Such  expressions,  therefore,  as  '/~1,  ^—2,  </— S,  V —^t  &c  are 
impossible  or  imaginary  numbers,  because  they  represent  roots  of  negative  quantities  ;  and  of 
such  numbers  it  may  be  said  that  they  are  neither  nothing  nor  greater  nor  less  than  nothing ; 
they  are,  therefore,  imaginary  or  impossible.  Though  existing  only  in  our  imagination, 
we  may  form  a  sufficient  idea  of  them,  for  we  know  that  V  ~4  expresses  a  number  which, 
multiplied  by  itself  produces  —4.  For  this  reason  there  b  nothing  to  prevent,  in  cal- 
culatimi,  the  use  of  Uiese  unaginary  numbers. 

595.  The  most  obvious  idea  on  the  above  matter  is,  that  the  square  of  V  —  3,  for 
instance,  or  the  product  of  ^  —  3  by  V  —3  will  be  —3 ;  that  the  product  of  </  ~1   by 

V  --l  is  —  1  ;  and,  in  general,  that  by  multiplying  ^y^abj'/  —a  we  obtain  —a.  Now 
~a  is  equal  to  +a  mulUplied  by  —1,  and  as  the  square  root  of  a  product  is  found  by 
multiplying  together  the  roots  of  its  fiictors,  it  follows  that  the  root  of  a  multiplied  by 
—  1  or  ^^aU  equal  to  Va  multiplied  by  >/  —1.  But  ^a  is  a  possible  or  real  number, 
consequently  the  whole  impossibility  of  an  imaginary  quantity  may  be  always  reduced  to 
<%/  — 1.  Thus  V— 4  is  equal  to  ^4  multiplied  by  \/—  1,  and  equal  sJso  to  2^/— 1,  for  the 
^4  is  equal  to  2;  and  so  sJso  \/~9  is  reduced  to  V9  x  \/~l  or  3  V'-l*  and  similarly 
V— 16  is  equal  4v''-l>  l^us,  also,  as  Va  multiplied  by  y/b  produces  \^ab,  we  have  \/b 
for  the  value  of  V—S  multiplied  by  V— 3  ;  and  ^4  or  2  for  the  value  of  the  product  of 
V'-'l  by  V— 4.  Hence  we  see  how  two  imaginary  numbers  multiplied  together  produce 
one  which  is  real  or  possible.  But,  on  the  other  hand,  a  possible  number  multiplied  by  an 
hnpoosible  one  always  produces  an  imaginary  product :  thus,  V— 3  by  \/  +  ^  gi^cs  •y/'- 15. 

596.  The  same  species  of  results  prevail  in  division ;  for,  as  \/a  divided  by  \/6  makes 

^,  it  is  dear  that  V— 4  divided  by  V—l  will  make  v/  +  4  or  2,  that  V  +  S  divided  by 

V— 3  gi^«  V— 1;  and  that  1  divided  by  v^—l  gives  \/^  or  -v/— 1»  because  1  is  equal 
to  v^*!- 1.  It  has  been  already  stated  that  the  square  root  of  a  number  has  universally  two 
values,  one  positive  and  the  other  negative ;  that  V4,  for  example,  u  both  -t-  2  and  —  2 ; 
and  that,  generally,  —  v^a   as  well  as  +\/a  exhibit  equally  the  square  root  of  a.     It  is 
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the  same  in  the  caw  of  imagUiary  numbers,  for  the  aquare  root  of  ~a  is  both  +  V*-a  and 
^sZ—Ot  but  the  signs  +  and  —  before  the  radical  sign  \/  must  not  be  confounded  with 
the  signs  that  come  after  it 

597.  However,  on  first  view,  it  may  seem  idle  speculation  thus  to  dwell  on  imposnble 
numbers,  the  calculation  of  imaginary  quantities  is  of  the  greatest  importance,  for  ques- 
tions constantly  arise  wherein  it  is  impossible  to  say  whether  anything  real  or  posnble  is 
or  is  not  included,  and  when  the  solution  of  such  a  question  leads  to  imaginary  quantities, 
we  are  certain  that  what  is  required  is  impossible,  llius,  suppose  it  were  required  to  divide 
the  number  1 2  into  two  such  parts  that  the  product  of  them  may  be  40.  In  resolving  this 
question  by  the  ordinary  rules  we  find,  for  tlie  parts  sought,  6  -f-V~*4  and  6— v'— 4,  both 
imaginary  numbers ;  hence  we  know  that  it  is  impossible  to  resolve  the  question.  The 
difference  is  manifest  in  supposing  the  question  had  been  to  divide  1 2  into  two  parts  whose 
product  should  produce  35,  for  it  is  evident  that  those  parts  must  be  7  and  5. 

598.  A  number  twice  multiplied  by  itself,  or  its  square  multiplied  by  the  root,  pro- 
duces a  cube  or  cubic  number.  Thus  the  cube  of  a  is  aaa,  for  it  is  the  product  of  a  mul- 
tiplied by  a,  and  that  square  aa  again  multiplied  by  a. 

The  cubes  of  the  natural  numbers  are  placed  in  the  subjoined  table :  — 


Numbers 

1 

2 

3 

4 
64 

5 

6 

7 

8 

9 

10 

Cubes 

1 

8 

27 

125 

216 

343 

512 

729 

1000 

Analysing  the  differences  of  these  cubes,  as  we  did  those  of  the  squares,  by  subtracting 
each  cube  from  that  following,  the  following  series  of  numbers  occur  :  — 

7,  19,  37,  61,  91,  127,  169,  217,  271, 

And  in  these  there  does  not  appear  any  regularity ;  but,  taking  the  differences  of  theses 
we  shall  have  the  following  series :  — 

12,  18,  24,  SO,  36,  42,  48,  54,  60; 

On  the  inspection  of  which  it  will  be  seen  that  the  terms  increase  regularly  by  6. 

599.  From  the  definition  of  a  cube  the  cubes  of  fractional  numbers  are  easily  fi^und : 
thus,  I  is  the  cube  of  4>  4f  is  the  cube  of  ),  and  ^  is  the  cube  of  ].  Thus,  also,  we  have 
only  to  take  the  cube  of  the  numerator  and  that  of  the  denominator  separately,  and  for 
the  cube  of  ]  wc  have  K.  To  find  the  cube  of  a  mixed  number  it  must  be  reduced,  first 
to  a  single  fraction,  and  the  process  is  then  conducted  in  a  similar  manner.  Thus,  to  find 
the  cube  of  1|  we  must  take  the  cube  of  },  which  is  ^  or  1(1*  '^^  ^^  ^"^  of  1}  is  that 
of  |,  or  Y,  or  3|. 

As  aaa  is  the  cube  of  a,  that  of  ab  will  be  aaabbb ;  from  which  we  learn,  that  if  a  number 
has  two  or  more  fiictors,  its  cube  may  be  found  by  multiplying  together  the  cubes  of  those 
fiictors.  For  instance,  as  1 2  is  equal  to  3  x  4,  the  cube  of  3,  which  is  27,  if  multiplied  by 
the  cube  of  4,  which  is  64,  gives  us  1728,  the  cube  of  12.  Again,  the  cube  of  2a  is  Saaa, 
that  is  to  say,  8  times  greater  than  the  cube  of  a ;  so  the  cube  of  4a  is  64cuia,  that  is  to 
say,  64  times  greater  than  the  cube  of  a. 

600.  Tlie  cube  of  a  positive  number  will,  of  course,  be  positive :  thus,  that  of  +  a  will 
be  +aaa;  but  the  cube  of  a  negative  will  be  negative,  for  —a  by  —a  gives  +aa,  and 
tliat  again  multiplied  by  —a  gives  -•aaa.  So  that  it  is  not  the  same  as  with  squares,  for 
these  are  always  positive. 

COBS   ROOTS   AND   THB    laaATIONAL   NDMBBRS   THAT    RESULT   FROM   THKM. 

601.  As  we  can,  by  the  mode  above  given,  find  the  cube  of  any  given  number,  so  may 
we  find  one  which,  multiplied  twice  by  itself,  will  produce  that  number.  With  relation 
to  the  cube  this  b  called  the  cube  root,  or  that  whose  cube  is  equal  to  the  given  number. 
When  the  number  proposed  is  a  real  cube  the  solution  is  easy  enough.  For  there  is  no 
difliculty  in  seeing  that  the  cube  of  1  is  1 ,  that  that  of  8  is  2,  that  of  4  is  64,  and  so  on :  and 
equally  that  tlie  cube  root  of  —27  is  —3,  and  that  of  —216  is  —6.  Similarly,  if  the 
proposed  number  be  a  fraction,  as  -rl,,  the  cube  root  is  {,  and  that  of  j(^  is  i).  And  last,  in 
the  case  of  a  mixed  number,  as  2Jff  the  cube  root  will  be  |  or  I|,  because  2Jlf  is  equal  to  {|. 

602.  If,  however,  the  proposed  number  be  not  a  cube,  its  cube  root  cannot  be  expressed 
either  in  integers  or  fractional  numbers.  Thus,  43  is  not  a  cube  number ;  hence  it  is  im- 
possible to  assign  any  number,  integer  or  fractional,  whose  cube  shall  be  exactly  43.  We 
may,  however,  assert  that  the  cube  root  of  that  number  is  greater  than  3,  for  the  cube  of 
3  is  only  27,  and  less  than  4,  because  the  cube  of  4  is  64.  The  cube  root  required  lies, 
therefore,  between  3  and  4.  The  cube  root  of  43  being  greater  than  3,  by  adding  a 
fraction  to  3  we  may  approach  nearer  to  the  value  of  the  root,  but  we  shall  never  be  able 
to  express  the  value  exactly,  because  the  cube  of  a  mixed  number  can  never  be  exactly 
equal  to  an  integer,  as  43  for  instance.    If  we  suppose  3^  or  ]  to  be  the  cube  root  required, 
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the  error  would  be  j,  for  the  cube  of  {  is  only  ^  or  42}.  Thus  we  see  that  the  cube  root 
of  43  can  be  expressed  neither  by  integers  nor  fractions.  We  obtain,  however,  a  distinct 
notion  of  its  magnitude,  and,  for  the  purpose  of  representing  it,  a  sign  ^  is  placed  before 
the  number  which  is  read  cube  root,  to  distinguish  it  from  the  square  root,  which  is  fre- 
quently merely  called  the  root.  Thus  Jy43  expresses  the  cube  root  of  43,  that  is,  the 
number  whose  cube  is  43. 

60S.  It  is  evident  that  such  expressions  cannot  belong  to  rational  quantities,  and  that, 
indeed,  they  form  a  particular  species  of  irrational  quantities.  Between  them  and  square 
roots  there  is  nothing  in  common,  and  it  is  impossible  to  express  such  a  cube  root  by  a 
square  root,  as,  for  example,  by  ^1 2,  for  the  square  of  V 1 2  being  1 2,  its  cube  will  be  1 2  ^I 2, 
consequently  irrational,  and  such  cannot  be  equal  to  43. 

604.  If  tlie  proposed  number  be  a  real  cube  the  expressions  become  rational :  ^l  is  equal 
to  I  ;    i^S  is  equal  to  2  ;   >^27  is  equal  to  3 ;  and,  generally,  4^aaa  is  equal  to  a. 

605.  If  it  be  proposed  to  multiply  one  cube  root  by  another,  ^(z,  for  example,  by  ^b, 
the  product  must  be  ^ab ;  for  it  has  already  been  seen  that  the  cube  root  of  a  product  ab  is 
found  by  multiplying  together  the  cube  root  of  its  &ctors.    Whence,  also,  if  ^a  be  divided 

by  '^the  quotient  will  be    ^|.      And,  further,  2  ^a  is  equal  to  ^So,  for  2  is  the  same 

as  ^8 ;  S'^a  is  equal  to  3^270,  and  b^a  is  the  same  as  4^abbb,  So,  reciprocally,  when 
the  number  under  the  radical  sign  has  a  &ctor  which  is  a  cube,  we  may  always  get  rid  of 
it  by  placing  its  cube  root  before  the  sign.  Thus,  instead  of  ^64a  we  may  write  4  ^'o,  and 
7  i^a  instead  of  4^343a.  Hence  ^16  is  equal  to  2  /^2,  because  16  is  equal  to  8  x  2.  When 
a  number  proposed  is  negative,  its  cube  root  is  not  subject  to  the  difficulties  which  we 
observed  in  speaking  of  square  roots ;  for,  as  the  cubes  of  negative  numbers  are  negative^ 
it  follows  that  their  cube  roots  are  but  negative.  Thus  J^  —  S  is  equal  to  —  2,  and  ^  —  27 
to  —3.  So  also  >{/— 12  is  the  same  as  —  i^l2,  and  JS/  ~a  may  be  expressed  by  —  ^a.  From 
which  it  may  be  deduced  that  the  sign  — ,  though  found  after  the  sign  of  the  cube  root, 
migiht  have  been  as  well  placed  before  it.  Hence  we  do  not  herein  fall  upon  impossible 
or  imaginary  quantities,  as  we  did  in  considering  the  square  roots  of  negative  numbers. 

or   FOWEES   IN    OXKSBAL. 

606.  A  /NMMT  is  that  number  which  is  obtained  by  multiplying  a  number  several  times 
by  itsel£  A  square  arises  from  the  multiplication  of  a  number  by  itseli^  a  cube  by 
multiplying  it  twice  by  itself^  and  these  are  powers  of  the  number.  In  the  former  case  we 
say  the  number  is  raised  to  the  second  degree  or  to  the  second  power ;  and  in  the  latter,  the 
number  is  raised  to  the  third  degree  or  to  the  third  power. 

607.  These  powers  are  distinguished  from  one  another  by  the  number  of  times  that  the 
given  number  has  been  multiplied  by  itself.  Thus  the  square  is  called  the  second  power, 
because  it  has  been  removed  to  the  second  product  by  multiplication  by  itself;  another 
multiplication  by  itself  brings  it  to  the  third  power  or  cube.  When  multiplied  again  by 
itself  it  becomes  the  fourth  power,  which  is  commonly  called  the  bi-quadrate.  From  this 
will  be  readily  comprehended  what  is  meant  by  the  fifth,  sixth,  seventh,  &c.  power  of  a 
number.  After  the  fourth  degree  the  names  of  the  powers  have  only  numeral  distinc- 
tions. For  the  piurpose  of  illustration,  we  may  observe,  that  the  powers  of  1  must  always 
be  I,  deeauae  how  often  soever  we  multiply  1  into  itself  the  product  must  be  1.  The 
following  table  shows  the  powers  of  2  and  3. 


Of  the  number  2. 

Of  the  nomber  3. 

I 

2 

3 

II 

4 

9 

III 

8 

27 

IV 

16 

81 

V 

32 

243 

VI 

64 

729 

VII 

128 

2187 

VIII 

256 

6561 

IX 

512 

19688 

X 

1024 

59049 

XI 

2048 

177147 

XII 

4096 

531441 

XIII 

8192 

1594323 

XIV 

16384 

4782969 

XV 

32768 

14348907 

XVI 

eSSSG 

43046721 

XVII 

131072 

129140163 

XVIII 

262144 

387420489 

S42 
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608.  Of  powers,  those  of  the  number  1 0  are  the  most  remarkable,  as  being  the  foundation 
of  our  system  of  arithmetic.     We  will  range  in  order  a  few  of  them,  as  under :  — 

I,      II,      III,        IV,  V,  VI, 

10|    100,    1000,    lOOOa    100000,    1000000,  &c. 
To  consider  which  more  generally,  we  may  take  the  powers  of  any  number  a,  as  placed  in 
the  following  order :  — 

I,    II,    III,     IV,        V,  VI, 

a,    aa,    aaa,    euiaa,    aaaaa,    aaaaaa,  &c 

But  in  this  mode  of  writing  powers  there  is  much  inconvenience^  because  of  the  trouble  of 
counting  the  figures  and  letters ;  for  the  purpose  of  ascertaining  the  powers  intended  to  be 
represented,  as,  for  example,  the  inconTcnience  of  representing  the  hundredth  power  would 
be  BO  great  as  to  incumber  almost  to  impossibility  the  expression  of  it.  To  avoid  this 
inconvenience^  an  expedient  has  been  devised  which  is  sufficiently  convenient,  and  which  we 
have  now  to  explain.  To  express,  for  example,  the  hundredth  power  of  a,  we  write  just 
above  it  to  the  right  the  power  in  question;  thus,  aioo  means,  conventionally,  a  raised  to  the 
hundredth  power.  The  number  thus  written  above  that  whose  power  or  d^pree  it  repre- 
sents is  called  an  exponent,  finom  its  expounding  the  power  or  degree  to  which  the  number  is 
to  be  raised,  which,  in  the  example  we  have  adduced,  is  100.  Tlius,  then,  a>  represrats  the 
square  or  second  power  of  a,  which,  as  we  have  seen,  may  be  also  represented  by  aa,  either 
of  these  expressions  being  understood  with  equal  fiusility.  To  express  the  cube  or  third 
power  of  a  or  aaa,  d^  is  written,  by  which  mode  less  room  is  occupied.  So  a\  a<,  €fi,  ice. 
respectively  represent  the  fourth,  fifth,  and  sixth  powers  of  a.  We  may  in  this  manner 
represent  a  by  a>,  which,  in  &ct,  shows  nothing  more  than  that  this  letter  is  to  be  written 
oiUy  once.  Such  a  series  of  powers  as  we  here  have  noticed  is  called  also  a  geometriad 
progretsion,  because  each  term  is  once  greater  than  the  preceding. 

609.  As  in  this  series  of  powers  each  term  increases  by  multiplying  the  preceding  term 
by  a,  thereby  increasing  the  exponent  by  1,  so  where  any  term  is  given  the  preceding  one 
may  be  found  if  we  divide  by  a,  because  it  diminishes  the  exponent  by  1 :  thus  showing 

that  the  first  term  a^  must  necessarily  be  -  or  1 ;  hence,  if  we  proceed  according  to  the 

exponents,  we  immediately  perceive  that  the  term  which  precedes  the  first  must  be  oP,  firom 
which  follows  this  remarkable  property,  that  cfi  is  always  equal  to  1,  however  great  or 
small  the  value  of  the  number  a  may  be,  even  if  a  be  nothmg. 

610.  Tlie  series  of  powers  may  be  continued  in  a  retrograde  order,  and  in  two  diflferent 
ways :  first,  by  dividing  continually  by  a ;  and,  secondly,  by  diminishing  the  exponent  by 
imity.  In  either  mode  the  terms  will  be  equal,  llie  decreasing  series,  exhibited  in 
both  forms,  is  shown  in  the  subjoined  table,  which  is  to  be  read  from  right  to  left. 


First 
Second  - 

1 

1 

1 

I 

1      1 

1 

a 

aaaaaa 

aaaaa 

aaaa 

aaa 

aa 

a 

1 
a 

I 
a* 

1 

I 

I 

1 

a 

a-« 

a-» 

a-* 

a-a 

a-8 

a-i 

oo 

ai 

Thus  we  come  to  the  knowledge  of  powers  whose  exponents  are  negative,  and  are  able  to 
assign  the  precise  value  of  those  powers.  And  hence,  from  what  has  been  said,  it  will  be 
apparent  that 

flOl  r  1 


i-i 


<!-« 


»-S 


1-4 


is  equal  to 


a 
1_ 

aa 

aS 

i. 
a* 


or  -J 


&c. 


This  gives  us  the  fiwility  of  finding  the  powers  of  a  product  ab ;  for  they  must  be  evidently 
ab,  or  a^b\  a'^b^,  a*b*,a:*b*,  a^b\  &c. ;  and  the  powers  of  firactions  are  found  in  the  same 

manner ;  for  example,  those  of  j  are 

a*     o*     a« 
R    64'    &•'» 


a 
I 

61* 


d» 


63> 


&c> 
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The  mdj  matter  remainliig,  then,  is  the  consideration  of  the  powers  of  negative  numbers. 
Take,  fbr  example^  the  powers  of  —a,  and  they  will  form  the  following  series :  — 

—a,    +<za,   —  flS,    +a4j    —a*,    +a»,  &c. ; 

in  which  wc  nmnediately  perceive  that  those  powers  are  negative  whose  exponents  are  odd 
numbers,  and  that  the  powers  with  even  numbers  for  exponents  are  positive.  Thus  the 
third,  fifth,  seventh,  ninth,  &c.  powers  have  the  sign  —  ;  and  the  second,  fourth,  sixth, 
eighth,  &C.  powers  are  affected  by  the  sign  + . 

CALCULATION    Of   POWERS. 

61 1 .  The  addition  and  subtraction  of  powers  is  effected  by  means  of  the  signs  +  and  — 
when  the  powers  are  different ;  for  example,  a'  +  a**  is  the  sum  of  the  third  and  second 
powers  of  a ;  and  a^—a*  is  the  remainder  when  the  fourth  power  of  a  b  subtracted  from 
the  fifth  ;  neither  of  which  results  can  be  abridged.  If  the  powers  are  of  the  same  kind 
or  degree  it  is  not  necessary  to  connect  them  by  signs,  thus  a^  +  a'  makes  Sa',  &c. 

612.  But  in  the  multiplication  of  powers^  we  must  observe,  first,  that  any  power  of  a 
multiplied  by  a,  gives  the  succeeding  power,  that  is  to  say,  the  power  whose  exponent  is  one 
unit  greater.  Thus  a^  multiplied  by  a  produces  a^  ;  and  a^  multiplied  by  a  produces  a\ 
Similarly,  if  it  be  required  to  multiply  by  a,  the  powers  of  that  number  having  negative 

exponents,  1  must  be  added  to  the  exponent  Thus,  a"^  multiplied  by  a  produces  afi  or  I  ; 
and  this  becomes  most  clearly  seen  by  considering  that  a~  is  equal  to-  and  that  the 
product  of  -  being  -,  it  is  consequently  equal  to  1.  So  a— 2  multiplied  by  a  produces 
a~    or  -,  and  a      multiplied  by  a  produces  a     ,  and  so  on. 

613.  If  it  be  required  to  multiply  a  power  of  a  by  <uz  or  the  second  power,  the  exponent 
then  becomes  greater  by  2.  Thus  the  product  of  a^  by  a^  is  a*  ;  that  of  a*  by  a'  is  a*  ; 
that  of  a3  by  a^  is  a^ ;  and,  generally,  a"  multiplied  by  a^  makes  a"*^^.  In  the  case  of  ne- 
gatiTe  exponents,  a'  or  a  is  the  product  of  d"^  by  <r.     For  d"^  being  the  same  as  i,  it  is 

just  the  same  as  if  we  had  divided  oa  by  a ;  hence  the  product  required  is  ^  or  a.     In  the 

same  way,  cT^  multiplied  by  a*  produces  a^  or  1 ,  and  a~^  multiplied  by  a*  produces  a""'. 
It  b  equally  clear  that  to  multiply  any  power  of  a  by  a9,  its  exponent  must  be  increased  by 
three  units,  consequently  the  product  of  a"  by  c?  b  a*"^^.  And  as  often  as  it  b  required 
to  multiply  two  powers  of  a,  the  product  must  be  a  power  of  a  whose  exponent  b  equal  to 
the  sum  of  those  of  the  two  given  powers.  For  instance,  a*  multiplied  by  a*  will  make  tfif 
and  ais  multiplied  by  a?  produces  a^o,  ice. 

614.  On  the  principles  here  exhibited,  it  is  easy  to  determine  the  highest  powers.  Thus, 
to  find  the  twenty-fourth  power  of  2,  multiply  the  twelfth  power  by  the  twelfth  power ; 
because  ffi*  b  equal  to  2^3  x  2i'.  But  we  have  already  seen  that  21^  is  equal  to  4096  ; 
hence  the  number  16777216,  being  the  product  of  4096  by  4096,  b  2^4,  or  the  required 
power  of  2. 

615.  In  division  we  must  observe  that  to  divide  a  power  of  a  by  a  the  exponent  must  be 
diminished  by  unity.  Thus  a^  divided  by  a  gives  a^ ;  a^  or  1  divided  by  a  b  equal  to  a~^ 
or  -  ;  a      divided  by  a  gives  a  So^  if  we  have  to  divide  a  given  power  of  a  by  a^ 

the  exponent  must  be  diminbhedby  2,  and  if  by  a^,  three  units  must  be  subtracted  from 
the  exponent  of  the  power  proposed  ;  and,  genially,  if  it  be  required  to  divide  any  power 
of  a  by  any  other  power  of  a,  the  rule  b  to  subtract  the  exponent  of  the  second  fit>m  the 
exponent  of  the  first  of  those  powers.  Thus  a^^  divided  by  or*  gives  a? ;  a&  divided  by  a^ 
will  give  a~\     So  a      divided  by  a*  vrill  give  a""^. 

616.  It  b  not  difficult,  then,  from  what  has  been  said,  to  find  the  powers  of  powers, 
for  it  b  effected  by  multiplication.  Thus,  if  we  have  to  seek  the  square  or  second  power 
of  a>,  we  find  a*,  and  for  the  cube  or  third  power  of  a^  we  have  a  is.  To  obtain  the  square 
of  a  power  it  b  only  necessary  to  double  the  exponent ;  for  its  cube,  to  triple  the  exponent, 
and  so  on.     Thus  a^  b  the  square  of  a*,    a^  b  the  cube  of  a",  and  the  seventh  power  of 

a*  b  €p*.  The  square  of  o^,  or  square  of  the  square  of  a,  being  a*,  b  hence  called  bi- 
quadrate.  The  square  of  a^  b  a^' ;  hence  the  sixth  power  has  received  the  name  of  the 
square-cubed.  To  conclude,  the  cube  of  a^  being  cfiy  the  ninth  power  has  received  the 
name  of  the  c«fo-cii5e. 


aOOrS   UCLATIVXLY   TO   POWERS   IN    GINKRAL. 


617.  The  square  root  of  a  given  number  b  a  number  whose  square  b  equal  to  that 
number ;  the  cube  root,  that  whose  cube  b  equal  to  the  given  number :  hence,  whatever 
number  be  given,  such  roots  of  it  will  exbt  that  their  fourth,  the^  fifth,  or  any  other 
power,  will  be  equal  to  the  given  number.     For  distinction  sake,  we  shall  call  the  square 
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root  the  9ec&nd  root,  the  cube  root  the  third  root,  the  bUqiutdrate  the  fimrth  rooty  and  so  on. 
As  the  square  or  second  root  is  marked  by  the  sign  Vt  and  the  cubic  or  third  root  by  the 
sign  ^ ;  so  the  fourth  and  fifth  roots  are  respectively  marked  by  the  signs  4^  and  ^,  and 
so  on.  It  is  evident,  according  to  this  method  of  expression,  the  sign  of  the  square  root 
should  be  V ;  but  by  common  consent  the  figure  is  always  left  out ;  and  we  are  to  recol- 
lect that  when  a  radical  sign  has  no  number  prefixed  to  it,  the  square  root  is  always  meant. 
To  give  a  still  better  explanation,  we  here  subjoin  some  different  roots  of  the  number  a,  witli 
their  respective  values :  — 

^oTi  f  2d  1  (a 

^a\  3d  a 

4/a  >is  the^  4th  >root  c^-la 
l^a\  5th  I  a 

fs/aj  (^6thJ  l^o,  and  so  on. 

And  so,  conversely, 

The  2d  ^  r^«1 

The  Sd  I  ^"^     . 

The  4th  >power  of  <  \^a  >is  equal  to^ 

The  5th  I  ht^a  I 

The  6th J  (^  ^a}  \a,  and  so  on. 

61 8.  Whether  a  be  a  small  or  a  great  number,  we  know  what  value  to  affix  to  all  these 
roots  of  different  degrees.  If  unitv  be  substituted  for  a  the  roots  remain  constantly  1  ;  for 
all  powers  of  1  have  unity  for  their  value.  But  if  the  number  a  be  greater  than  1 ,  the 
roots  will  also  all  exceed  unity  ;  and  further,  if  a  represent  a  less  number  tlum  1 ,  all  the 
roots  will  be  less  than  unity. 

61 9.  When  the  number  a  is  positive,  from  what  has  been  before  said  of  square  and  cube 
roots,  we  know  that  all  the  other  roots  may  be  determined,  and  that  they  will  be  real  and 
possibly  numbers.  But  if  the  number  a  is  negative,  its  second,  fourth,  sixth,  and  all  even 
roots  become  impossible,  or  imaginary  numbers ;  because  all  the  powers  of  an  even  order, 
whether  of  positive  or  of  n^ative  numbers,  are  affected  by  the  sign  4-  ;  whereas  the  third, 
fifth,  sevendi,  and  all  odd  roots  become  negative,  but  rational,  because  the  odd  powers  of 
n^ative  numbers  are  also  negative.  Hence  an  inexhaustible  source  of  new  kinds  of  surd 
or  irrational  quantities ;  for,  whenever  the  number  a  is  not  a  power  represoited  by  some 
one  of  the  foregoing  indices,  it  is  impossible  to  express  the  root  either  in  whole  numbers  or 
fractions,  and  it  must  therefore  be  ranked  among  the  numbers  called  irrational. 

THI    BBPRKSBKTATION   OF    POWERS   BT    FBACTIONAL   BXPOMBNTS. 

620.  In  the  preceding  subsections  we  have  seen  that  the  square  of  any  power  is  found  by 

doubling  its  exponent,  and  that  in  general  the  square  or  second  power  of  a**  is  a^.     Hence 

the  converse,  that  the  square  root  of  the  power  a^  is  found  by  dividing  the  exponent  of 
that  power  by  2.    Thus  the  square  root  of  a*  is  a^ ;  that  of  a<^  is  a^  ;  and  as  this  is  general, 

the  square  root  of  a^  is  necessarily  a^  and  that  of  a7  is  a>.     Thus  we  have  a'  for  the  square 

root  of  a^,  and  hence  a^  is  equal  to  ^a ;  a  new  method  of  expressing  the  square  root,  which 
requires  our  particular  attention. 

621 .  To  find  the  cube  of  a  power,  as  a*,  we  have  already  shown  that  its  exponent  must 

be  multiplied  by  3,  hence  its  qube  becomes  a^ ;  and,  conversely,  to  find  the  third  or  cube 

root  of  the  power  a^,  we  have  only  to  divide  the  exponent  by  3 ;  hence  the  root  is  a** 
Thus,  also,  a^  or  a  is  the  cube  root  of  a^,  a^  that  of  o^,  a^  that  of  a^^,  and  so  on.  The 
same  reasoning  is  applicable  to  those  cases  in  which  the  exponent  is  not  divisible  by  3  ;  for 

it  is  evident  that  the  cube  root  of  <?  is  a',  as  the  cube  root  of  a^  b  a'  ot  a^^.  Hence  the 
third  or  cube  root  of  a  or  a^  will  be  a^,  which  is  the  same  as  Va, 

622.  The  application  is  the  same  with  roots  of  a  higher  degree  :  thus  the  fourth  root  of 
a  will  be  a^,  which  expression  is  of  the  same  value  as  4^a.     The  fifth  root  of  a  will  be 

a*,  which  is  equivalent  to  ^o,  and  so  on  in  roots  of  higher  degree.  It  would  be  possible, 
therefore,  to  dispense  altogether  with  the  radical  signs,  and  to  substitute  fractional  ex- 
ponents for  them ;  but  as  custom  has  sanctioned  the  signs,  and  as  they  are  met  with  in  all 
works  on  algebra,  it  would  be  wrong  to  banish  them  altogether  lErom  calculation.  There 
is,  however,  sufficient  reason  to  employ,  as  is  frequently  done,  the  other  method  of  calcu- 
lation ;  because  it  clearly  corresponds  with  the  nature  of  the  thing.  Thus,  in  fiu;t,  it  is 
manifest  that  a^  is  the  square  root  of  a,  because  we  know  that  its  square  is  equal  to  a^  or  a. 

623.  What  has  been  said  will  be  sufficient  to  show  how  we  are  to  understand  fractional 

exponents ;  thus,  if  a*  should  occur,  it  means  that  we  are  first  to  take  the  fourth  power  of 
a  and  then  extract  it)  cube  or  third  root,  and  hence  a'  is  the  same  as  ^a^.     Again,  to  find 
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the  Ta]ue  of  aS  the  cube  or  third  power  of  a  or  a^  mutt  first  be  taken,  and  the  fourth  root 

of  that  power  extracted,  so  that  a*  is  the  same  as  ^a3.  So  a^  is  the  same  as  ^a*,  &c.  But 
when  the  fraction  which  represents  the  exponent  is  greater  than  unity,  the  value  of  the 

given  quantity  may  be  otherwise  expressed.  Let  it,  for  instance,  be  a*;  now  this  quantity  is 
equivalent  to  o^  which  is  the  product  of  a^  by  oi.     Now  ai  is  equal  to  ^a,  wherefore 

Hi  is  equal  to  o^v^o.  So  as,  or  aH,  is  equal  to  a*4^a*;  and  aV,  that  is,  dA  expresses 
a>  Va\  From  these  examples  the  use  of  fractional  exponents  may  be  properly  appreciated. 
This,  however,  extends  also  to  fractional  numbers,  as  follows. 

6S4.  Suppose  r^  is  given,  we  know  that  it  is  equal  to  -  ;  now  we  have  already  seen 
that  a  fraction  of  the  form  -  may  be  expressed  by  a~~*;  and  instead  of  -4-,  we  may  use 
the  expression  a\  Also,  y^  is  equal  to  a^K  So  let  the  quantity  -^  be  proposed, 
it  is  transformable  into  — ,  which  is  the  product  of  a>  by  a"*,  and  this  is  equivalent  to 

i^  or  to  a  %  or,  lastly,  to  VaK     These  reductions  will  be  focilitated  by  a  little  practice. 

625.  Each  root  may  be  variously  represented,  for  ^/a  is  the  same  as  a^,  and  |  being  equi- 
valent to  the  fractions  |»  jt  |«  -^  A>  ^^**  ^^  ^  ^^^^  *^^^  "^^  '^  equal  to  fi/a\  to  J^a\  to 
^a<,  and  so  ou.  Similarly,  J^a  is  equal  to  a^,  and  to  ^a\  to>9^a>,  and  to  V^aK  It  is, 
moreover,  manifest,  that  the  number  a,  or  ai  might  be  represented  by  the  following  radical 


Ufa'i,  -^a3,  ^a*,  -^a«,  &e. 
a  property  of  great  use  in  multiplication  and  division  ;  for,  suppose  we  have  to  multiply 
^a  by  ifot  we  write  ^cfi  for  ^a,  and  ^a^  instead  of  >^a,  thus  obtaining  the  same 
radical  sign  for  both,  and  the  multiplication  being  now  performed,  gives  the  product  >v^a*. 
A  similar  result  arises  from  cS^^,  the  product  of  a^  multiplied  by  a^,  for  }  +  )  is  |,  and,  con- 
sequently, the  product  required  is  at,  or  f^aK  If  it  were  required  to  divide  v^n  or  ai  by 
Va  or  o)i  we  should  have  for  the  quotient  as"!^  or  <»\  that  is,  a},  or  Va, 

XKHODS  OF   CALCULATION   AKD  THKIK   MUTUAL   CONNECTION. 

096.  In  the  foregoing  passages  have  been  explained  the  different  methods  of  calculation 
in  addition,  subtraction,  multiplication,  and  division,  the  involution  of  powers,  and  the 
extraction  of  roots.  We  here  propose  to  review  the  orisin  of  the  different  methods,  and  to 
expl^n  the  connection  subsisting  among  them,  in  order  that  we  may  ascertain  if  it  be 
poesible  or  not  for  other  operations  of  the  same  kind  to  exist ;  an  inquiry  which  will  illus- 
timte  the  subjects  that  have  been  considered.  We  shall,  for  this  purpose,  here  introduce  a 
new  rign  »,  which  means  that  equality  exists  between  the  quantities  it  is  used  to  join, 
and  is  read  tipuH  lo.     Thus,  if  I  write  a— 6,  it  means  that  a  is  equal  to  h ;  and  so  S  x  8 

657.  Addition,  the  process  by  which  we  add  two  numbers  together  and  find  their  sum, 
is  the  first  mode  of  calculation  that  presents  itself  to  the  mind.  Thus  if  a  and  (  be  two 
^ven  numbers  whose  sum  is  expressed  by  e,  we  shall  have  a-^-h^e.  So  that,  knowing  the 
two  numbers  a  and  &,  we  are  taught  by  addition  how  to  find  the  number  c.  Recollecting 
tibia  comparison  a-ri*:c,  the  question  may  be  reversed  by  asking  in  what  way  h  can  be 
found  when  we  know  the  numbers  a  and  c.  Let  us,  then,  ascertain  what  number  must  be 
added  to  a  that  the  sum  may  be  c  Now,  suppose,  for  instance,  a^-S,  and  0=8,  it  is 
evident  we  must  have  S  +  fr»8,  and  6  will  be  found  by  subtracting  S  from  8.  So,  gene- 
rally, to  find  &,  we  must  subtract  a  firom  c,  whence  arises  ftsc—a ;  for,  by  adding  a  to  both 
aides  again,  we  have,6  +  asc— a  +  a,  that  is,  as  was  supposed,  »«.  And  this  is  the  origin 
of  subtraction,  being,  indeed,  nothing  more  than  an  inversion  of  the  question  from  which 
addition  arises.  Now  it  b  possible  that  it  may  be  required  to  subtract  a  greater  from  a 
lesser  number ;  as,  for  example,  9  from  5.  In  thb  case  we  are  furnished  with  the  idea  of 
a  new  kind  of  numbers,  which  are  called  negative  numbers,  because  5  —  9—  —4. 

658.  If  several  equal  numbers  are  to  be  added  together,  their  sum  is  found  by  multipli- 
cation,  and  is  called  a  product.  Thus  ab  expretees  the  product  of  the  multiplication  of  a 
by  t^  or  from  a  being  added  to  itself  6  times.  If  this  product  be  represented  by  e,  we  have 
06  se,  and  we  may,  by  the  use  of  multiplication,  determine  the  number  t  where  the  num- 
bers a  and  &  are  known.  Suppose,  for  example,  assS,  and  c»15,  so  that  S6al5,  we 
have  to  ascertain  what  number  h  represents,  xnerely  to  find  by  what  number  6  is  to  be 
multiplied,  in  order  that  the  product  may  be  15,  for  to  that  is  the  question  reduced :  and 
this  is  ^vision;  for  the  number  sought  is  found  by  dividing  15  by  3 ;  hence,  in  general, 

the  number  h  is  found  by  dividing  e  by  a,  whence  results  the  equation  &»£• 

R3 
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But,  firequently,  the  number  c  cannot  be  actually  divided  by  the  number  a,  the  letter  5 
having  a  determinate  value;  hence  a  new  kind  of  numbers,  called  fractions,  arises.  For, 
suppose  a  »  4,  c  ^  3,  so  that  46  »  3,  in  this  case  b  cannot  be  an  integer,  but  must  be  a  fraction* 
and  we  shall  find  that  b  can  be  no  more  than  ).  Multiplication,  then,  as  we  have  seen,  arises 
from  the  addition  of  equal  quantities ;  so,  from  the  multiplication  of  several  equal  quantities 
together,  powers  are  derived,  and  they  are  represented  in  a  general  noanner  by  the  expres- 
sion a*,  which  signifies  that  the  number  a  must  be  multiplied  by  itself  as  often  as  is  pointed 
out  by  the  number  6,  which  is  called  the  exponent,  whilst  a  is  called  the  root,  and  a*  the 
power.  If  this  power  be  represented  by  the  letter  e,  we  have  a*=c,  an  equation  in  which 
are  found  the  letters  a,  b,  e.  In  treating  of  powers,  it  has  been  shown  how  to  find  the 
power  itself,  that  is,  the  letter  e,  when  the  root  a  and  its  exponent  (  are  given.  Suppose, 
for  instance,  a»4,  and  b^^S,  we  shall  have  c»43,  or  the  third  power  of  4,  which  is  64, 
whence  €^64.  If  we  wish  to  reverse  this  question,  we  shall  find  that  there  are  two  modes 
of  doing  it.  Let,  for  instance,  two  of  the  three  numbers  a,  b,  and  e  be  given.  If  it  be 
required  to  find  the  third,  it  is  clear  that  the  question  admits  of  three  different  supposi- 
tions, and  hence,  also,  of  three  solutions.  Tlie  case  has  been  considered  in  which  a  and  b 
were  the  numbers  given ;  we  may  therefore  suppose,  further,  that  e  and  a  or  c  and  b  are 
known,  and  that  it  is  required  to  determine  the  third  letter.  Now,  it  must  be  obsenred* 
that  between  involution  and  the  two  operations  which  lead  to  it  there  is  a  great  difference. 
For  when,  in  addition,  we  reverse  the  question,  there  was  only  one  way  of  doing  it,  and  it 
was  of  no  consequence  whether  we  took  c  and  a  or  c  and  b  for  the  given  numbers,  fi^r  it 
is  quite  indifferent  to  the  result  whether  we  write  a  +  b  or  b  + a.  And  it  is  quite  the  same 
with  multiplication ;  the  letters  a  and  (  might  be  placed  in  each  other's  places  at  pleasure, 
the  equation  ab^e  being  exactly  the  same  as  Aaac.  But  in  the  calculation  of  powers,  we 
cannot  change  the  places  of  the  letters  ;  for  instance,  we  could  on  no  account  write  6"  for 
a*.  This  we  will  illustrate  by  one  example.  Thus,  let  a^4t  and  6b>3,  we  have  <i^==4^ 
a  64.     But  &*b34s81,  two  very  different  results. 

G29.  We  may  propose  two  more  questions ;  one  to  find  the  root  a  by  means  of  the  given 
power  c,  and  the  exponent  b ;  the  other  to.  find  the  exponent  b,  the  power  c  and  the  root  a 
being  known.  The  former  of  these  questions  has  been  answered  in  the  subsection  which 
treats  of  the  extractions  of  roots  :  since,  if  &bi2,  and  a^scc,  we  know  that  a  is  a  number 
whose  square  is  equal  to  c,  and  consequently  a  w\/c.  So,  if  6  «  3  and  o^  =>  c,  we  know  that  the 
cube  of  a  is  equal  to  the  given  number  c,  and  hence  that  a^mx^e.  We  conclude,  generally, 
from  this,  how  the  letter  a  may  be  determined  by  means  of  the  letters  c  and  b;  for  a  must 
necessarily  be  =  .^ 

630.  We  have  already  seen  that  if  the  given  number  is  not  a  real  power  (a  contingency 
of  frequent  occurrence),  the  required  root  a  can  be  expressed  neither  by  integers  nor  frac- 
tions ;  nevertheless,  as  it  must  have  a  determinate  value,  the  same  consideration  led  us  to 
the  numbers  called  mrd  or  irrational  nwnbert^  which,  on  account  of  the  great  variety  of 
roots,  are  divisible  into  an  infinite  number  of  kinds.  We  were  also,  by  the  same  enquiry, 
led  to  the  knowledge  of  imaginary  numbers. 

631.  Upon  the  second  question,  that  of  determining  the  exponent  by  means  of  the 
power  e  and  the  root  o,  is  founded  the  very  important  theory  of  logarithms ;  an  invention  so 
important  that  without  them  scarcely  any  long  calculation  otfuld  be  effected. 

LOGXaXTHXa. 

632.  Resuming,  then,  the  equation  oft  sc,  we  in  the  doctrine  of  logarithms  assume  for 
the  root  a  number  taken  at  pleasure,  but  supposed  to  preserve  its  assumed  value  without 
variation.  This  being  the  case,  the  exponent  6  is  taken,  such  that  the  power  a*  becomes 
equal  to  a  given  number  c,  and  this  exponent  b  is  said  to  be  the  lofforiikm  of  the  number  c. 
To  express  this,  we  shall  use  the  letter  L  or  the  initial  letters  log.  Thus,  by  6»L.c  or 
6»log.o,  we  mean  that  b  is  equal  to  the  logarithm  of  the  number  c  or  that  the  logarithm 
of  c  is  &. 

633.  If  the  value  of  the  root  a  is  once  established,  the  logarithm  of  any  number  e  is  but 
the  exponent  of  that  power  of  a  which  is  equal  to  c.  So  that  c  being  ^  a,  &  is  the  loga- 
rithm of  the  power  of  a  .  If  we  suppose  (  =  1,  we  have  1  for  the  logarithm  of  a^ ;  hence 
L.a=!l.  Suppose  &m2,  we  have  2  for  the  logarithm  of  a< ;  that  is  L.a9a2.  Similarly,. 
L.aSn3,  L.a4«=4,  L.a*cs5,  and  so  on. 

634.  If  (  be  made  aO^  0  must  be  the  logarithm  of  cfi\  but  cfi^\\  consequently, 
L.  1  s:0,  whatever  the  value  of  the  root  a.  If  5  a  —  1 ,  then  —  1  will  be  the  logarithm  of  a"^ 
Now  a~*  =  l  ;  therefore,  L.-  =  -1.   So,  also,  L.-.—  -2  ;    L.l=  -3  :   L.!—  -4;  &c. 

^^      O  O  Or  Or  U* 

635.  Thus,  then,  may  be  represented  the  logarithms  of  all  the  powers  of  a,  and  even  those 
of  fractions  wherein  unity  b  the  numerator,  and  the  denominator  a  power  of  a.  We  sec, 
also,  that,  in  all  those  oases,  the  logarithms  are  integers :  but  if  (  were  a  fraction  it  would 
be  the  logarithm  of  an  irrational  number.  For  suppose  b^^  then  \  is  the  logarithm  of  a\ 
or  of  -v/a ;  consequently  we  have  Ia  Va  «  J  ;  and  in  the  same  way,  Ia  ^a  « J,  U  ^/a  »  4,  &c. 


Chap.  L  ARITHMETIC  AND  ALGEBRA.  247 

eS6.  If  it  be  required  to  find  the  logarithm  of  another  number  c,  it  will  be  readily  seen 
that  it  can  neither  be  an  integer  nor  a  fraction.  However,  there  must  be  such  an  ex- 
ponent b,  that  the  power  a*  may  become  equal  to  the  number  proposed ;  we  have,  there-* 
fore,  b  =  L.e,  and,'  generally,  a    ^^c. 

637.  If  we  oonnder  another  number  d,  whose  logarithm  is  represented  in  a  similar  man- 
ner by  L.<2;  then  a  ^»J;  and  multiplying  this  expression  by  the  preceding  one  a^^asc, 
we  have  a^'^^'^^ed.  TTie  exponent  being  always  the  logarithm  of  the  power  L.c  +  L.^^ 
sLbCdL  I^  instead  of  multiplying,  we  divide  the  former  expression  by  the  latter,  we 
obtain  o^-^^*'=£  ;  hence  L.c-L.d==L.£. 

638.  From  this  we  are  led  to  the  two  principal  properties  of  logarithms  which  are  contained 

in  the  equations  L.c-t-L.J=Lcd;  and  L.c--L.<iBL.^:    by  the  former  whereof  we  learn 

that  the  logarithm  of  a  product,  as  ol,  is  found  by  f&iding  together  the  logarithms  of  the 
fiuTtors ;  by  the  last,  that  the  logarithm  of  a  fraction  is  determined  by  the  subtraction  of 
the  logarithm  of  the  denominator  from  that  of  the  numerator.  Whence  it  follows  that  to 
multiply  or  divide  two  numbers  by  one  another,  we  have  only  to  add  or  subtract  their 
logarithms.  This  constitutes  the  immense  advantage  of  logarithms  in  calculation ;  for  when 
a  question  is  incumbered  with  large  quantities,  it  is,  of  course,  much  easier  to  add  or 
subtract  than  to  multiply  and  divide.  In  the  involution  of  powers  and  the  extraction  of 
roots,  logarithms  are  yet  more  usefuL  Thus,  if  c/ac,  we  have  by  the  first  property  L.e  + 
LbCarLwCc;  consequendy,  L.cc«>2L.c.  Similarly,  we  have  L.c'ssSL.<^  L.c^a4L.c,  and, 
generally,  L.c*ss»L.c. 

Substituting  fractional  numbers  for  «,  we  shall  have,  for  example,  lucK  that  is  h^/e 

•«-  ^LbC.     Lastly,  if  n  represents  negative  numbers,  we  have  Lt,c^  ^  or  L.  -  »  ~  Xj.c  ;   IkC^ 

I  •  M 

orL.^=s2L.e,  and  so  on.      For  this  not  only  follows  from  the  equation  L.c  =  a  L.  e,  but 

also  from  Ikl  s>(^  as  we  have  before  shown. 

In  tables  of  logarithms  which  are  calculated  for  all  numbers,  great  assistance  is  rendered 
in  performing  the  most  prolix  calculations.  Suppose,  for  instance,  the  square  root  of  the 
number  c  is  sought,  having  found  the  logarithm  of  e,  which  is  L.c,  we  have  only  to  divide 
it  by  2,  that  is,  take  the  j  of  it,  and  we  have  the  logarithm  of  the  square  root  required ; 
and  the  number  in  the  table  answering  to  that  logarithm  is  the  numbo:  required. 

We  have  seen  that  the  numbers  1,  2,  3,  4,  5,  6,  &c.,  that  is,  all  positive  numbers,  are 
logarithms  of  the  root  a,  and  of  its  positive  powers,  and  consequently  logarithms  of  numbers 
greater  than  unity;  and,  on  the  other  hand,  that  negative  numbers,  —1,  —2,  &c.,  are 

logarithms  of  the  fractions  >,    -  ,  &c.,  which  are  less  than  unity,  but,  nevertheless,  greater 

than  nothing ;  fitnn  whence  it  follows,  that  if  the  logarithm  be  positive,  the  number  is 
always  greater  than  unity,  but,  if  negative,  the  number,  though  less  than  one,  is  yet  greater 
than  O.  Thus  we  cannot  express  the  logarithms  of  negative  numbers,  and  must  conclude 
that  they  are  impossible,  and  belong  to  the  class  of  imaginary  quantities.  That  this  may 
be  better  understood,  let  us  fix  on  a  determinate  number  for  the  root  a,  such,  for  instance, 
as  the  number  10,  on  which  the  common  logarithmic  tables  are  formed,  and  which  is,  more- 
over, the  basis  of  our  arithmetic.  Any  other  number,  however,  provided  it  be  greater 
than  unity,  would  answer  the  same  purpose.  The  reason  why  the  a » 1  would  not  suit  is, 
that  all  the  powers  would  be  but  equal  to  unity. 

LOGARirHVIC  TABLES  VOW   USBD. 

639.  We  set  out  with  the  supposition  that  the  root  a»10.  Then  the  logarithm  of 
any  number  e  is  the  exponent  to  which  the  number  10  must  be  rused,  so  that  the  power 
resulting  frt>m  it  may  be  equal  to  the  number  c;  or  if  we  denote  the  logarithm  of  c  by  L.c, 
we  shall  always  have  10L.csc 

The  reader  will  recollect  that  the  logarithm  of  1  is  always  0,  and  we  have  lOf^s^l. 
Hence— 

Lul»0,  I^10»l,  L.100»>2,  L.1000a3,  L.10000»4,  L.100000»5,  L.  1 000000 » 6,  &c. 
Further,  that 

L.^=»  -1.  L-iia^  -2,  L>.Tiss=  -,3  L.T5j55=  -4,  L.y5|jj^=  -5,  Jj'wism'='  -^»  ^^ 
The  logarithms  of  the  principal  niunbers  are  therefore  readily  determined ;  but  those 
between  them,  as  inserted  in  the  tables,  are  not  so  easy  to  find.  Our  object  here,  however, 
is  only  a  general  view  of  the  subject,  with  which  we  shall  proceed.  And,  first,  since 
1^1  =sO  and  L.10=l,  it  is  manifest  that  the  logarithms  of  all  numbers  between  1  and  10 
lie  between  O  and  1,  that  is  greater  than  0  and  less  than  1.  Let  us,  then,  consider  the 
number  2,  whose  logarithm  is  certainly  greater  than  0,  and  yet  less  than  unity.  Now,  if 
we  represent  thu  logarithm  by  the  letter  x,  so  that  L.2Bdr,  the  value  of  x  must  be  such  as 

R  4 
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to  give  exactly  10x^2.  We  immedimtely  see  that  x  must  be  oonndenbly  less  than  ^,  or, 
which  is  the  same  thing,  10^  is  greater  than  2.  For,  squaring  both  ades,  the  square 
of  I0iBl0^  and  that  of  2«4,  which  latter  is  much  less  than  the  former,  So  ^  is  still  too 
great  a  value  of  x,  that  is  to  say,  10^  is  greater  than  2 ;  for  the  cube  of  10^  is  10,  and  that 
of  2  only  8.   On  the  contrary,  by  making  a:»|,  we  give  it  too  small  a  valuie ;  for  the  fourth 

power  of  10  being  10,  and  that  of  2  being  16,  it  is  evident  that  10^  is  less  than  2 :  x  then, 
or  L.2,  is  less  than  },  and  yet  greater  than  \.  In  the  same  way  we  may  determine,  with 
respect  to  every  fraction  contained  between  ]  and  ^  whether  it  be  too  great  or  too  smalL 

Trying,  for  example,  with  },  which  is  a  trifle  less  than  },  and  greater  than  {,;  lO'  or  10? 

must  m2,  or  the  seventh  power  of  lO?,  that  is  to  say,  10^  or  100  must  be  equal  to  the 
seventh  power  of  2 ;  now  ^e  latter  » 1 28,  and  is  consequently  greater  than  the  former. 

Hence  we  infer  that  10?  is  also  less  than  2,  and  therefore  that  ^  is  less  than  Ij.2,  and  that 
L.2,  which  was  found  less  than  ),  is,  however,  greater  than  Jf.  We  might  proceed  in  this 
investigation,  but  it  is  here  unnecessary ;  because,  from  what  has  been  shown,  we  prove 
that  L.2  has  a  determinate  value ;  but  continuing  to  represent  it  by  x,  so  that  L.2  =  x,  we 
will  show  that  when  once  known,  the  logarithms  of  an  infinity  of  other  numbers  may  be 
deduced.  For  this  purpose  we  will  use  the  equation  already  mentioned,  L.6if »  L.c  +  Ld^ 
which  comprehends  the  property,  that  the  logarithm  of  a  product  is  found  by  adding  the 
logarithms  of  the  (actors. 

64a  First,  as  L.2»x  and  L.I0«1,  we  have  L.20sx  +  1  ;  L.200-X  +  2,  L.2000a 
x  +  S;  L.20000bX  +  4  and  L.  200000= x  + 5,  &c. 

Further,  as  L.c^a2L.c,  and  L.cS=3L.c,  and  L.c<  =  4L.c,  &c,  we  have  L.4  =  2x; 
L.8«3x;  L.16aB4x;  L.32s5x;  L.64s6x,  &c.  ;  and  from  this  it  follows,  that  L.40» 
2x  +  I;  L.400r-2x  +  2;  L.4000»2x  +  3;  L.4O000»2x  +  4,  &c  Also,  L.80s3x+1, 
L.800»Sx-l-2,  L.8000sSx-h3,  L.80000  =  3x  +  4,&c.   So  L.160»4x  +  1,  L.1600b4x  +  2, 

L.  16000  «  4x  +  3,  &c.     Resuming  the  other  fundamental  equation  L.^  »  L.c  —  L.<^  let  us 

suppose  csio,  and  d^2.  Since  L.10ssl,  and  L.2b:x,  we  shall  have  L.^  or  h.5'^1  — x, 
from  which  the  following  equations  are  deduced :  — 

L.50s2~x;   L.500«d-x;  L.5000-4— x,  &c. 
L.25s2-2x;  L.125-3-3x;  L.625z=4--4x,  &c 
L.250aS-2x;  L.2500»4-2x;  L.25000s5-2x,  &c 
L.1250«4-3x;  L.12500«5 -3*;  L.  125000= 6  - 3x,  &c 
L.6250»5-4x;  L.62500=6-4x;  L.625000 - 7  - 4x,  &c. 
and  so  on. 

Tf  we  knew  the  logarithm  of  3,  we  could  determine  another  vast  number  of  loga- 
rithms. For  example:  let  the  L.3  be  expressed  by  y.  Then  L.30»y+1  ;  L.300=ry 
+  2;  L.3000=y  +  3,  &c.  ;  and  L.9  =  2y;  L.27  =  Sy;  L.8lB4y;  L.24S»5y,  &c. :  as  also 
L.6  =  x+y;  L.12-2x+y;  L.18=x  +  2y,  and  L.15  =  L.3  + L.5«y +  1  — x. 

From  all  this  it  is  evident,  that  once  knowing  the  logarithms  of  the  prime  numbers, 
the  logarithms  of  all  other  numbers  may  be  found  by  simple  addition.  Take,  for  example, 
the  number  210,  which  is  formed  by  the  foctors  2,  3,  5,  7,  its  logarithms  will  be  L.2  -i-  L.3 
•I-  L.5  +  L.7.  In  the  same  manner  the  number  360»2  x2)(2xSx3x5  "2*  x  3^  x  5  ; 
hence  the  L.S60&=  3L2  +  2 L.3  +  L.5.  It  is  therefore  to  the  logarithms  of  the  prime  num- 
bers that  we  must  first  apply  ourselves,  if  we  desire  to  construct  tables  of  logarithms. 

StSTHOD   OF    EXFKKSSINO    LOGARITHMS. 


641.  It  has  been  shown  that  the  logarithm  of  2  is  greater  than  ^  and  less  than  J,  and 
that  ^therefore  the  exponent  of  10  lies  between  those  two  fractions,  in  order  that  the  power 
may  become  »  2.  But,  although  this  is  known  to  us,  whatever  fhustion  is  assumed  on  this 
condition,  the  power  resulting  from  it  will  always  be  an  irrational  number  greater  or  less 
than  2 ;  the  logarithm,  therefore,  of  2  cannot  be  accurately  expressed  by  such  a  fraction : 
hence  we  must  be  content  with  such  an  approximation  to  it  as  will  render  the  error  of  no 
importance.     For  this  purpose  decimal  JtocHohm  are  used,  which  we  shall  now  explain. 

642.  In  the  ordinary  way  of  writing  numbers  by  means  of  the  ten  figures  or  chararters 

O,  1,2,3,4,5,6,7,  8,9, 

the  first  figure  on  the  right  hand  is  the  only  one  which  h&s  its  natural  signification  ;  the 
figures  in  the  second  place  have  ten  times  the  value  they  would  have  had  in  the  first ; 
those  in  the  third  place  have  a  hundred  times  the  value,  and  those  in  the  fourth  a  thousand 
times,  and  so  on  ;  so  that  in  proportion  as  they  advance  towards  the  left,  they  acquire  a 
value  ten  tinies  greater  than  they  had  in  the  preceding  rank.  Thus,  in  the  number  1849, 
the  figure  9  is  in  the  first  place  on  the  right,  and  is  just  equal  to  9.  That  in  the  second 
place  is  4,  but  this  figure,  instead  of  4,  represents  10  x  4  or  40      The  figure  8  in  the  third 
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place  is  equal  to  100  x  8,  or  800.  Lastly,  the  1,  which  is  the  fourth  to  the  left,  is  equal  to 
1000,  hence  the  number  is  read  as  fdlows,  -» 

One  thousand  eight  hundred  and  forty-nine, 

643.  As  the  Talue  of  figures  becomes  in  each  rank  always  ten  times  greater  as  we  go  from 
the  right  towards  the  left,  and  as  it  continually  becomes  less  as  we  proceed  from  the  left 
to  the  right,  we  may  by  this  law  advance  still  further  towards  the  right,  and  obtain  figures 
whose  value  may  continually  decrease  and  become  ten  times  less ;  but  where  this  occurs, 
the  place  where  the  figures  cease  to  have  their  natural  value  will  continue  to  become  ten 
times  leas.  In  this  case,  however,  the  place  where  the  figures  have  their  natural  value  is 
marked  by  a  point  placed  after  that  rank.  Thus,  i£,  for  instance,  we  meet  with  the  number 
54-76938,  it  must  be  thus  understood :  — the  figure  4  in  the  first  place  has  its  natural 
value,  and  the  second  5  means  50 ;  but  the  figure  7  which  comes  after  the  point  expresses 
only  f^ ;  the  figure  6  is  equal  only  to  ^ ;  the  figure  9  is  equal  to  -^ ;  tiie  figure  3  to 
■jjgg,  and  the  figure  8  to  iJ^  ;  thus  the  more  these  figures  advance  towards  the  right,  the 
more  their  values  diminish,  till  at  last  those  values  become  so  small,  that  they  may  at  last  be 
considered  as  nothing.  This  species  of  numbers,  then,  are  what  are  called  decim^fraetiont, 
and  in  this  way  logarithms  are  represented  in  the  tables.  Thus  the  logarithm  of  2  is  ex- 
pressed by  0*3010300,  wherein  we  perceive,  as  the  logarithm  does  not  contain  an  int^er, 

that  its  value  ia  4+Tfc  +  TA^  +  Tdlw  +  TOiU+TwllOT  +  ^^  The  la«t  two  ciphers  might 
have  been  omitted ;  they,  however,  serve  to  show  that  the  logarithm  quoted  contains  no 
parts  which  have  1000000  and  10000000  for  the  denominator.  It  is  possible,  however, 
that  by  continuing  the  series,  smaller  parts  might  have  been  found,  which  are  neglected, 
except  in  extraordinary  cases,  on  account  of  their  extreme  minuteness. 

644.  The  logarithm  of  3  is  known  by  the  tables  to  be  0*4771213,  and,  containing  no  in- 
teger, consists  of  the  following  Auctions : —,4  +  ,fc  +  t^^  +  T^iw  +  to&r,  +  iwiro 

This  logarithm  is,  however,  not  expressed  with  the  utmost  exactness ;  we  are  only  certain 
that  the  error  is  less  than  j^fg/g^ffp  one  so  small,  that  there  are  few  calculations  in  which  it 
may  not  be  neglected. 

645.  By  this  method  of  expressing  logarithms,  that  of  1  will  be  represented  by 
0<X)00000,  since  it  is  really  »0.  The  logarithm  of  10  is  1 KXXXXXX),  or  exactly  « 1.  The 
logarithm  of  100  is  20000000,  or  exacUy  »2.  Hence  the  logarithms  of  all  numbers 
between  10  and  100,  and,  consequently  conasting  of  only  two  figures,  must  be  compre- 
hended between  1  and  2,  and  are,  therefore,  expressed  by  1  -l-  a  decimal  firaction.  Thus 
L.50  =  1  ^989700 ;  its  value,  therefore,  is  unity  added  to  ft  +  ife  ■♦'ufci  +tbJw  +TwiM'  So  it 
must  be  evident  that  between  100  and  1000  the  logarithms  of  numbers  are  expressed  by 
two  integers  with  a  decimal  firaction ;  the  logarithms  of  numbers  between  10000  and 
100000  by  four  integers  joined  to  a  decimal  fraction,  and  so  on.  The  log.  600,  for  example, 
is  s  2*7781513  ;  that  of  2460  is  3*3909351,  &c.  But  the  logarithms  of  numbers  less  than 
10,  or  those  expressed  by  a  single  figure,  do  not  contain  an  integer,  and  for  this  reason  we 
find  an  0  before  the  point.  Hence  there  are  two  parts  of  a  logarithm  which  require  con- 
sideration :  the  former,  that  which  precedes  the  point,  and  denoting  tlie  integers,  if  any  ; 
the  other,  the  d<»cimal  fractions  to  be  added  to  the  integers.  The  first  part,  or  integer,  of 
a  Ic^arithm,  usually  called  the  eharacieri^ic,  is  easily  determined  from  what  has  been 
already  shown, — that  is,  it  is  0  for  all  the  numbers  having  but  one  figure  ;  1  for  those 
which  have  two ;  2  for  those  which  have  three,  and  generally  less  by  one  unit  than  the 
number  of  figures.  Hence,  if  the  logarithm  of  5682  be  required,  we  immediately  perceive 
that  the  first  part,  or  that  of  the  integers,  must  be  3.  S(^  reciprocally,  when  we  see  the 
integers  of  a  logarithm,  nnce  the  number  it  expresses  is  greater  by  one  unit  tlian  tlie 
integer  of  the  logarithm,  we  know,  at  once,  the  number  answering  to  it  Thus,  having 
4*4771213  for  the  logarithm  of  an  unknown  quantity,  it  is  evident  that  the  number  must 
have  five  figures,  and  exceed  10000.  Now  this  number  is  30000  for  log,  30000  »L.  3  +  L. 
lOOOa  Now  the  logarithm  of  3  is  known  to  be  equal  0*4771213,  and  the  logarithm  of 
10000^4,  and  the  sum  of  those  logarithms =4 -477 121 3. 

646.  From  this  it  will  be  seen  that  the  first  object  in  considering  a  logarithm  is  the 
decimal  fraction  following  the  point,  because,  when  that  is  known,  it  will  serve  for  several 
numbers.  For  the  proof  whereof  let  us  take  the  number  456.  Its  first  part  must  be  2 ; 
and  if  we  represent  the  decimal  fraction  which  follows  it  by  x,  we  have  Ij.456»2+x. 
If  we  continue  to  multiply  by  10,  we  find  L.4560i-3  4-x ;  L45600»4+x; 
L. 456000 i- 5 +x,  and  so  on.  But,  if  we  divide  instead  of  multiply  by  10,  we  shall 
have  45*6  a  1+x;  L.4*56«0+x;  L.0-456  ■- -1  +  x  ;  L.0O456» -2  +  x  ; 
I^0<X)456  s  —  3  -t-x,  and  so  on. 

647.  Thus,  all  the  numbers  arising  from  the  figures  456,  whether  preceded  or  followed 
by  ciphers,  have  the  same  decimal  fraction  for  the  second  part  of  the  logarithm,  and 
their  diflTcrences  lie  in  the  integer  before  the  point,  which  becomes  negative  when  the 
number  is  less  than  1.  As  ordinary  calculators  have  difiSculty  in  the  use  of  negative 
numbers,  it  is  customary  to  increase  the  integers  of  the  logarithm  by  10,  or  to  write  10 
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instead  of  0  before  the  point :  by  which  process,  instead  of  —  1  we  have  9 ;  instead  of  —  2 
we  have  8  ;  instead  of  —  S  we  have  7,  &c.  But,  under  these  circumstances,  it  must  be 
recollected  that  the  characteristic  has  been  made  ten  units  too  great ;  nor  must  we  assume 
that  the  number  consists  of  ten,  mne,  or  eight  figures.  We  may  easily  see,  in  the  case  in 
question,  that  if  the  characteristic  be  less  than  10,  the  figures  of  the  number  must  be 
written  after  a  point.  If  the  characteristic  be  9,  we  must  biegin  at  the  first  place  after  a 
point ;  if  it  be  8,  we  must  also  place  a  cipher  in  the  first  row,  and  not  begin  to  write  the 
figures  till  the  second.  Thus  9*6589648  would  be  the  logarithm  of  0'456,  and  8*6589648 
the  logarithm  of  0*0456.  This  manner  of  using  logarithms  is,  however,  chiefly  confined 
to  the  use  of  tables  of  sines. 

648.  Ordinary  tables  do  not  carry  the  decimals  of  logarithms  further  than  seven  places 
or  figures,  the  last  whereof  must  consequently  represent  the  •ntg^omth  part,  and  we  know 
that  they  do  not  err  even  by  so  small  a  part ;  the  error,  therefore,  u  of  no  importance  in 
ordinary  cases.  But  there  are  cases,  though  of  no  importance  in  our  application  of  their 
use,  in  which  still  greater  exactness  is  required,  and  in  such  cases  ordinary  tables  are  not 
suited  to  the  case. 

649.  From  the  circumstance  of  the  chanurteristic  being  known  at  a  glance^  the  tables 
never  give  it,  but  are  restricted  to  the  seven  figures  of  the  decimal  fractions.  There  are 
tables  wherein  the  logarithms  of  all  numbers  from  1  to  100000  and  even  those  of  greater 
numbers  are  given,  by  means  of  small  additional  tables,  showing  what  is  to  be  added  in 
proportion  to  the  figures  which  the  proposed  numbers  have  more  than  those  in  the  tables. 
But  from  what  has  been  said,  we  think  the  use  of  them  will  not  be  difficult;  and,  supposing 
such  tables  before  the  reader,  we  propose  the  multiplication  of  the  numbers  2401  and  343. 
The  addition  of  the  logarithms  of  these  numbers  will,  from  what  has  been  shown,  give  the 
product,  as  follows :  — 


L.  343 « 2 -5352941  "I     ,,   , 
L.  2401  =  3  *3803922  J  ^^^* 


5  •91568631      ,  ^      .    , 
6847  j"  «^D*r«<5*©d, 

16 

Hence  the  number  sought  is  823543.  For  the  sura  b  the  logarithm  of  the  product 
required,  and  its  characteristic  5  exhibits  a  product  composed  of  6  figures,  and  they  arc 
found,  by  the  decimal  product  and  the  fraction,  to  he  823543. 

650.  But  it  is  in  the  extraction  of  roots  that  logarithms  are  most  serviceable ;  for 
example,  if  we  have  to  extract  the  square  root  of  10,  we  have  only  to  divide  the  logarithm 
of  10,  which  is  lOOOOOOO,  by  2,  the  quotient  0*5000000  is  the  logarithm  of  the  root 
required,  which,  in  the  tables,  answers  so  nearly  to  3*16228,  whose  square  answers  to  10 
so  nearly,  that  it  is  only  one  hundred  thousandth  part  too  great 

651.  The  operation,  in  addition,  of  expressions  consisting  of  several  terms  is  frequently 
represented  merely  by  signs,  each  expression  being  placed  between  two  parentheses  and 
connected  with  the  rest  by  means  of  the  sign  4-.  Thus,  to  add  tlie  expressions  a+b-^e 
and  d-\-e  +/*  the  sum  is  thus  represented :  — 

This,  however,  is  rather  representing  than  performing  addition;  but,  if. the  parentheses 
are  left  out  it  is  then  actually  performed ;  for,  as  the  number  d-^-e  +f  is  to  be  added  to  the 
other,  it  is  to  be  done  by  joining  to  it  +d,  then  +«,  and  then  +/  If  any  term  is 
affected  by  the  sign  — ,  it  must  be  joined  in  the  proper  way  with  that  sign.  To  illustrate 
this,  let  us  consider  an  example  in  pure  numbers  ;  for  example,  16—9  to  13—5.  If  we 
begin  by  adding  16,  we  shall  have  13—5+16.  But  this  was  adding  too  much,  since 
what  was  to  be  added  was  16  —  9,  and  it  is  therefore  clear  that  we  have  added  too  much 
by  9  ;  we  must,  therefore,  take  away  the  9  by  writing  it  with  the  negative  sign,  and  thus 
we  shall  have  the  true  sum  — 

13-5  +  16-9, 

which  shows  that  the  sums  result  from  writing  all  the  terms  each  with  its  proper  sign. 

652.  If,  therefore,  it  were  required  to  add  the  expression  </— e— /  to  a^b-^c,  the  sum 
must  be  expressed  as  under  :  — 

a  — 6  +  c+d— «— /; 

wherein  it  is  of  no  importance  in  what  order  we  write  the  terms,  if  their  proper  signs  be 
preserved ;  the  sum,  fbr  example,  might  be  written 

c— e  +  a— /'+<f— 6. 

Hence  it  will  be  seen  that  addition  is  attended  with  no  difliculty,  be  the  forms  of  the  terms 
to  be  added  together  what  they  may.  Thus,  suppose  we  wished  to  add  the  expressions 
2a8  +6\/6— 4Xi.c,  and  5  v'a— 7c,  they  would  be  written 
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2a»  +  6V& — 4L.C  +  5  ^a  -  7c, 

or  in  any  other  order,  proyided  the  proper  signs  are  retained. 

653.  But  it  is  often  possible  to  abridge  the  representation  of  these,  as  when  two  or 
more  terms  destroy  each  other;  thus,  if  in  the  same  sum  are  found  the  terms  +a—a,  or 
3a  —  4a  4-  a,  or  when  two  or  more  terms  may  be  reduced  to  one :  thus,  — 

Sa-|-3a»5a;  76~36«+46; 

— 6c  +  10c«  +4c; 
5a  — 8a— —Sa;    —7+6=— 66; 

—  3c  — 4c=  —7c; 

Qa-Sa  +  ara—Sa;   — 36-56 +  S6» -66. 

If,  therefore,  two  or  more  terms  are  the  same  with  regard  to  letters,  their  sum  may  be 
abridged ;  but  such  cases  must  not  be  confounded  with  such  as  2aa  +  3a  or  263—6^,  which 
cannot  be  abridged. 

654.  By  considering  some  more  examples  of  reduction,  we  shall  be  led  to  the  discovery 
of  an  important  point,  —  namely,  that  if  we  add  together  the  sum  of  two  numbers  a  4-  6 
and  their  difference  a  — 6,  we  obtain  twice  the  greater  of  those  two  numbers.  For,  in 
adding  a +6  and  a— 6,  our  rule  gives  a -1-6+ a— 6.  Now  a -l-aBSa  and  6— 6c30;  the  sum, 
therefore,  is  2a.     We  here  subjoin  two  examples :  — 

Sa-26-c  a>-2aa64-2a66 

Sb^6c+a  — aa6  +  2a66  +  6S 


Sum. .  4a +  36— 7c  Sum  .  .  a'- 3aa6  +  4a66— 6S 

THK   SUBTRACTION    OF   COMPOUND   QUANTmZS. 

655.  To  represent  subtraction  each  expression  is  inclosed  within  two  parentheses  joining, 
by  the  mgn  — ,  the  expression  to  be  subtracted  to  that  from  which  it  is  to  be  subtracted. 
Thus,  if  <2— «  +/*  is  to  be  subtracted  from  a  —  6  +  c,  the  remainder  is  written  thus  : 

(a— 6  +  c)-(<f-c+/); 

and  this  method  sufficiently  shows  which  of  the  two  expressions  is  to  be  subtracted  from 
the  other. 

656.  But  if  actual  subtraction  is  to  be  performed,  we  must  observe,  first,  that  when  we 
subtract  a  positive  quantity  +  6  fit>ra  another  quantity  +  a,  we  obtain  a  —  6 ;  and,  secondly, 
when  we  subtract  a  n^ative  quantity  —6  from  a,  we  obtain  a  +  6;  for,  to  discharge  the 
debt  of  a  person  is  the  same  as  to  give  him  something.  Suppose  the  expression  6— <f  is  to 
be  subtracted  from  the  expression  a^c,  we  must  first  take  away  6,  which  gives  a  — c  — 6. 
We  have,  however,  taken  away  too  much  by  the  quantity  dL  Since  we  had  to  subtract  only 
6  —  c^  restoring,  then,  the  value  of  d,  we  shall  have 

a— c  — 6  +  d: 

from  which  it  is  evident  that  the  terms  of  the  expression  to  be  subtracted  must  change 
their  ngns,  and  with  such  contrary  signs  be  joined  to  the  terms  of  the  other  expressions. 

657.  It  is  therefore,  by  means  of  this  rule,  easy  to  perform  subtraction ;  for  it  is  only 
necessary  to  write  the  expression  from  which  we  are  to  subtract,  and  join  the  other  to  it, 
without  any  change  but  that  of  the  signs.  Thus,  in  the  first  example,  where  it  was 
required  to  subtract  the  expression  cf—e+/ from  a— 6  + c,  we  obtain  a  — 6  +  c—<f  +  e—/. 
This  will  be  rendered  quite  clear  by  an  example  in  numbers.  I^  for  example,  we  subtract 
5  —  3  +  6  from  7  —  2  +  3,  we  obtain 

7-2+3-5+3-6; 

for  7  — 2  +  3s8,  also  5  — 3  +  6«b8,  now  8-8»0. 

658.  Subtraction  being  then  thus  easily  performed,  we  have  only  to  observe  that  if^  in 
the  remainder,  two  or  more  terms  are  found  entirely  similar  with  regard  to  the  letters,  the 
remainder  may  be  reduced  to  an  abridged  form  by  the  rules  for  a  similar  purpose  given  in 
addition.  Suppose  we  have  to  subtract  from  a  +  6  or  the  sum  of  two  quantities  their 
difference,  or  a— 6,  we  shall  have  a  +  6— a  +  6  :  now  a— a^O  and  6  +  6b26;  the  remainder 
is  therefore  26,  that  is  to  say,  double  the  least  of  the  quantities.  The  following  examples 
will  further  illustrate  what  we  have  said :  — 

aa  +  a6  +  66         3a— 46  +  5c         aS  +  3aa6  +  3a66  +  6>  V'a  +  2V6 

66  +  a6— oa         26  + 4c— 6a         a3  — 3aa6  +  3a66— 6*  v^a— 3v'6 

+  2aa  9a— 66  +  c  6aa6  +  26>  +5Vb 

THS   SCVLTIPLICATION   OP   COMPOUND    QUANTITIES. 

659.  Merely  to  represent  compound  quantities,  each  of  the  expressions  to  be  multiplied 
together  is  placed  within  parentheses,  and  they  are  then  to  be  joined  together  either  with 
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or  without  the  sicn  x  between  them.  Thus,  to  represent  the  product  of  the  two  ezpre»- 
Bions  a—b  +  c  uodd-^e  +/ when  multiplied  together,  we  write 

(a— *  +  c)x(d— «+/); 

and  this  mode  of  expresnng  products  is  much  used,  because  it  shows  the  &ctor8  whereof 
they  are  composed.  To  show,  howerer,  how  any  multiplication  is  to  be  actually  conducted, 
let  us  take  for  example  such  a  quantity  asa— &  +  £tobe  multiplied  by  2 ;  here  each  term 
is  separately  multiplied  by  that  number,  so  that  for  the  product  we  have 

Sa— 2&  +  2c; 

and  the  same  takes  place  with  all  other  numbers.  Suppose,  for  example,  d  had  been  the 
number  by  which  we  had  been  required  to  multiply, 

ad—bd+ed 

would  have  been  the  product  obtained. 

660.  We  have  here  supposed  that  d  was  a  positive  number,  but  had  the  fiwtor  been 
negative,  as  ~e,  the  rule  formerly  given  must  have  been  applied,  namely,  that  unlike 
signs  multiplied  together  produce  ~,  and  like  signs  produce  +.  We  should  therefore 
have  had 

-^ae  +  be^ee, 

661.  To  show  the  mode  of  multiplying  a  quantity  A  by  a  compound  quantity  d^e,  it 
will  be  convenient  to  take  for  example  one  in  common  numbers :  let  A,  for  instance,  be 
multiplied  by  7— 3.  Here  it  is  manifest  we  have  to  take  4A ;  for  if  we  first  take  A  seven 
times,  it  will  be  necessary  to  subtract  3  A  from  that  product.  In  general,  therefore,  if  we 
have  to  multiply  by  d  —  e,  A  must  be  first  multiplied  by  d  and  then  by  e,  and  the  last 
product  must  be  subtracted  from  the  first,  whence  we  shall  have  A— rA.  Suppose  A^a^b, 
and  that  this  quantity  is  to  be  multiplied  by  <i— «,  we  shall  have 

dA^ad-bd 
eA^ae—be 


The  product  required       ^ad—bd-^tu  +  be. 

Since,  then,  we  know  without  doubt  the  product  (a— 6)x  (<f— e),  we  may  now  give  the 
same  example  of  multiplication  under  a  different  form ;  thus 

a-b 
d—e 

ad—bd^ae  +  be; 

from  which  we  learn  that  each  term  of  the  upper  expression  must  be  multiplied  by  each 
term  of  the  lower ;  and  that,  with  regard  to  the  signs,  the  rule  often  before  givoi  must  be 
strictly  observed.  From  what  has  been  said,  we  presume  no  difliculty  will  arise  in  calcu- 
lating the  following  example,  namely,  to  multiply  a +  6  by  a— 6. 

a  +  b 

aa  +  ab 
"Ob-bb 


Product  s=saa—bb 

For  a  and  b  any  determinate  numbers  may  be  substituted,  so  that  out  of  the  above  ex- 
amples arises  the  following  theorem ;  vis.  the  product  of  tlie  sum  of  two  numbers  multi- 
plied  by  their  difference  is  equal  to  the  difference  of  the  squares  of  those  numbers ;  which 
may  be  thus  expressed  — 

(a  +  6)  X  (a -5)aaaa -66 

From  this  last  follows  another  theorem ;  namely,  the  difference  of  two  square  numbers  is 
always  a  product,  and  divisible  both  by  the  sum  and  the  difference  of  the  roots  of  those 
two  squares,  consequently  the  difference  of  two  squares  can  never  be  a  prime  number.  We 
will  now  present  to  the  reader  some  other  examples :  — 

(I.)  2a-S  (II.)  4aa-6a  +  9  (HI)  3aa-2ab-bb 

a +  2  2a -I- 3  2a —46 


2aa~.Sa  Sa*  —  1 2aa  + 1 8a  6a3~4aa6-2aU 

+  4-6  -12oa-18a  +  27  -12aa6  +  8a&6  +  46' 


2aa+-6  8a5  +  27  6a»-16aa6+6a&6  +  4fc3 
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(IV.)  aa  +  Sab  +  Sbb  (V.)  SaaSab^4hb 

aa—Sab  +  Sbb  Saa^Qab  +  bb 


a*  +  2a^b  +  2aabb  6a*^9a^b^l2aabb 

^2a^^4aabb-4ab»  '•4a»b  +  €aabb+8alA 

+  9aabb  +  4ab^  +  4b*  +aaabb—3ab^-4b* 


a4  +  4M  6a*  —  l3a^b-4aabb  +  5abS—4b* 


(VI.)  aa  +  bb  +  ec^ab^ae—be 
a  +  b+e 


a^  +  abb  +  aee~'aab—aae-'abe 
+  aab  +  b*  +  bec—abb^abe''bbc 

+  aac  +  66c  +  c*  —  a6c — ace — 6cc 


a3'^3abe  +  b9  +  ^ 


Vrlien  more  than  two  quantities  are  to  be  multiplied  together,  it  will  be  obvious  tliat, 
having  multiplied  two  of  them  together,  their  product  must  be  multiplied  by  one  of 
the  remaining  ones,  and  so  on.  The  order  in  which  they  are  multiplied  is  a  matter  of  no 
importance.     Thus,  suppose  in  common  numbers  the  four  following  fitctors :  — 

(I.)  (II.)  (III.)  (IV.) 

(1+2)  (1+2  +  4)  (2-1)  (2+1+4) 

Multiplying  the  fiictors  I.  and  II.,  we  have  S  x  7  » 21 .  From  fiictors  III.  and  IV.  we  have 
1  X  7s=7.  Now,  multiplying  the  product  of  I.  and  II.  by  the  second  product  of  III.  and 
IV.,  we  have  21  x  7b  147.  Let  us  now  change  the  order  by  multiplying  first  I.  and  III. 
together,  and  then  II.  and  IV.  The  first  product  will  be  that  of  3  x  1  aS,  the  second 
that  of  7  X  7ai49.  Then  S  x  49»  147,  as  in  the  first  operation :  and  the  same  result  will 
be  produced  in  whateter  order  they  are  multiplied. 

TMB   DIVISION   OF   COMPOUXD  QUAVTITIES. 

669.  To  represent  division,  we  either  use  the  ordinary  mark  of  fractions,  which  is  to 
separate  by  a  line  the  dividmd  or  numerator  from  the  divisor  or  denominator :  thus,  to 

divide  a  +  6  by  e  +  dl^  the  quotient  is  thus  represented  ^^^ ;  or,  the  two  quantities  being 

enclosed  within  parentheses,  we  place  two  points  between  the  divisor  and  the  dividend : 
thus,  (a  +  6)  :  (c  +  d).     Each  of  these  expressions  is  read  a  +  b  divided  by  e  +  d, 

663.  If  it  be  required  to  divide  a  compound  quantity  by  a  simple  one,  each  term  must  be 
divided  separately.  Thus,  10a — 66  +  8c  divided  by  2  gives  5a ~  36  +  4c ;  and  (aa — 4a6)  :  (a) 
givesa— 46l  So,also,(aS— 2aa6  +  3a66)  :  (a)»aa-2a6+366;  (4aa6— 6aac  +  8a6c)  :  (2a) 
»8a6— Sac  +  46c;  (9aa6c— lSa66c  +  15a6cc^  :  (3a6c)» 3a -46  + 5c,  &c. 

664.  If  a  term  in  the  dividend  is  not  divisible  by  the  divisor,  the  quotient  is  represented 

by  a  fraction,  as  in  the  diviaon  of  a  +  6  by  a  the  quotient  is  1  +  - ;  so  also, 

(«a-a6  +  66):(a«)-l-J+^. 

ise,  if  we  divide  2a  +  6  by  2,  we  obtain  the  quotient  of  a  +  j^ ;  and  here  we  must  ob- 
e,  that,  instead  of  ^  we  may  write  fjk,  because  {  times  6  is  equal  to  ^  And,  similarly,  » 

is  the  same  as  |6,  and  j-  the  same  as  )6,  &c. 

665.  When  the  divisor  is  a  compound  quantity,  division  is  not  so  easily  performed ;  and 
when  it  cannot  be  so  performed,  we  can  do  no  more  than  represent  the  quotient  by  a  fiac- 
tion  in  the  manner  already  described.  We  will,  however,  begin  with  some  examples  in 
which  actual  divirion  will  succeed.  Suppose  we  have  to  divide  oc— 6c  by  a— 6 :  the 
quotient  must,  of  course,  be  such  that,  when  multiplied  by  the  divisor  a— 6,  it  will  produce 
Uie  dividend  oc— 6e.  Now,  this  quotient  must  contain  c,  for,  without  it,  we  could  not  ob- 
tain aie.  In  order,  then,  to  try  whether  c  is  the  whole  quotient,  we  have  cmly  to  multiply 
it  by  the  divisor.  Now,  in  tiie  present  case,  if  we  multiply  a— 6  by  c,  we  have  oc— 6c, 
which  b  the  exact  dividend,  so  that  c  is  the  whole  quotient.  It  is  equally  clear  that 
(aa  +  a6)  *.  (a  +  6)»a;  (3aa~2a6)  :  (da~26)=a;  (6aa— 9a6)  :  (2a  — 36)  =  Sa,  &c.  Thus, 
then,  we  cannot  &al  to  find  a  part  of  the  quotient ;  and  if  what  we  have  found  when  multi- 
plied bw  the  divisor  does  not  exhaust  the  diridend,  we  have  only  to  divide  the  remainder  by 
the  divucn*,  to  obtain  a  second  part  of  the  quotient ;  and  so  proceed  till  we  have  found  the 
whole  of  it 

eS6.  Let  us,  as  an  example,  divide  aa  +  da6  +  266  by  a  +  6.  In  the  first  place,  it  is  clear 
that  the  quotient  will  contain  a,  for  without  that  term  we  could  not  obtain  aa.     Multiply- 
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iiig,  then,  the  divisor  a  +  ft  by  a,  we  ha^e  aa  +  ab*  whioh  quantity  subtracted  from  the  divi- 
dend leaves  the  remainder  2ab  +  52M.  Dividing  this  by  a  +  6,  it  is  evident  the  quotient 
must  contain  the  term  S6.  Now,  2&  multiplied  by  a  +  6  produces  exactly  2ab  +  Sbb,  and 
therefore  a  +  26  is  the  quotient  required,  which,  multiplied  by  the  divisor  a  +  b,  ought  to 
produce  the  dividend  aa  +  9ab  +  266.     Below,  the  operation  will  be  seen  more  strikingly. 

a  +  6)  oa  +  3a6  +  266(a  +  86 
tta  +  ab 


806-4-266 
2a6  +  866 

0 

The  operation  \b  fiwilitated  by  choosing  one  of  the  terms  of  the  divisor  to  be  written  first, 
and  then,  in  arranging  the  terms  of  the  dividend,  begin  with  the  highest  powers  of  the 
first  term  of  the  divisor.  This  term  was  a  in  the  preoi^ng  example  ;  and  in  the  following 
examples  it  will  be  seen  that  the  system  is  followed. 

(I.)  a-6)aS-Sao6+da66-6)(aa-2a6  +  66  (II.)  a +  6)00-66(0-6 

aS— 006  00  +  06 

—  2aa6  +  3o66  .06—66 

—  2ao6  +  2o66  .06—66 


066— 6S  0 

066-63 

0 

(III.)  3o-26)18aa-866(6o  +  46  (IV.)  o  +  6)o»  +  6»(oo-a6  +  66 

ISoo- 12a6  oS  +  006 

1206—866  — 006  +  6S 

1206-866  -006-066 


O  +o66  +  63 

+  o66  +  63 

cT" 

(V.)  2o-6)8oS-63(4oa  +  2a6  +  66 
80'— 4oa6 

4oo6— 6* 
4oo6— 2o66 


2o66-63 
2066-6S 

O 

(VI.)  00 - 2o6  +  66)0* -4oS6  + 60066-4068 +  64 (00 -206  +  66 

o*  — 2o>6  +  oo66 

—  2aS6  +  5oo66 — 4o63 
-2oS6  +  4oo66-2a63 


0066  — 2a6S+64 
oo66-2o6S  +  64 


(VII.)  oa-2o6  +  466)o4  +  4ao66+1664(oa  +  2o6+466 

o4  — 2oS6  +  4oo66 

8aS6+1664 
20*6— 4oo66  +  8o6S 


4ao66-8o6S  +  1664 
4oo66-8o6s  +  ]664 


Chaf.  I.  ARITHMETIC  AND  ALGEBRA.  253 

(VIII.)  aa^2ab  +  Sbb)a^'i-4b*(aa  +  2ab  +  Sbb 

a^  —  2a^b  +  2adltb 

2aib~4aabb  +  4ab» 

£aaU-4a63  +  464 
2aabb"4ab»  +  4^ 


(IX.)  l-2r  +  xx)l-5»+10«-10jc»  +  5*<-x5(l-3x+3**-*8 

1— 2x+     XX 


3*jr—  6*8  +  Sx* 
— arS  +  at*— j?5 


TUK    RXSOLUTIOK   OF    FKACnONS   IMTO  IKFINITK    SERISS. 

667.  We  have  already  siud  that  when  the  dividend  is  not  divisible  by  the  divisor,  the 
quotient  is  expressed  by  a  fraction.  Thus,  if  we  have  to  divide  1  by  1  —a,  we  obtain  the  frac- 
tion 1  —  2<  We  may,  however,  attempt  the  division  and  continue  it  at  pleasure  according 
to  the  rules  given,  and,  though  under  other  forms,  the  true  quotient  will  be  found.    Thus  — • 

(L)l-«)1       (1+^  (II.)orl-a)l       (l+a  +  ^ 

1— a  1— a 

remainder  a  a 

a^aa 


remainder  aa 
To  find  a  greater  number  of  forms  we  need  only  continue  dividing  act  by  1  —a. 

(III.)  1  -0)00      (oa  +  j^  (IV.)  then  1  -fl)a3        («»  +  ^ 


a3  a* 

(V.)  and,  again,  1 -a)a4        (a<  +  ^ 


aft 

All  which  shows  that  the  fraction  is  equally  represented  under  the  following  forms: 
(I.)  1+li^;  (11.)  l+a+|2£..    (III.)  l +a  +  ao+ j^;    (IV.)  1 +«  +  aa+aS  + j^i 

(V.)  l+a  +  aa  +  aS  +  a4  +  jz:^  &e.  Now,  considering  the  first  of  these  expressions,  which  is 
1  +  r^  and  remembering  that  1  is  the  same  as  y^,  we  have 

,   .     tf       1— a       a       1— g-fg        1 

and  following  the  same  process  with  respect  to  the  second  expression,  1  +  a  +  j^,  that  is, 
if  we  reduce  the  integer  part  1  +  a  to  the  same  denominator  1  —a,  we  have  -jz^t  to  which 
if  +^  be  added,  we  shall  have '-=^1^,  that  is  ji;. 

668.  In  the  third  expression,  1  +  a  +  aa  +  ^^  the  int^er  reduced  to  the  denominator 
1  —a  make  jzzi*  ^^  ^  ^  ^^^  ^  added  the  fraction  j;^-  we  have  j^ ;  whence  aU  these 
expressions  are  equal  in  value  to  j^^  the  proposed  fraction.     Hence,  without  the  trouble  of 
further  division,  we  may  continue  the  series  to  any  extent,  for  we  shall  have  i^« 
l+a  +  aa  +  a3  +  ff*  +  a*  +  a<'  +  a7  +  j— ;  it  may,  indeed,  be  continued  without  end.     On 
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this  account  it  may  be  amid  that  the  proposed  fraction  has  been  resolved  into  an  infinite 
series ;  and  we  arrive  at  the  same  time  at  the  conclusion,  that  the  value  of  thb  infinite 

series  is  the  same  as  that  of  the  fraction  f^.     However  astonishing  this  may  seem,  upon 

the  consideration  of  some  particular  cases,  it  will  be  eaaly  understood.     Let  us  suppose 

that  aal.     Theseries  will  then  become  1+1+1  +  1  +  1-1-1+ 1*  &c.,  and  thefraction  y-j^ 

to  which  it  must  be, equal,  become  ^  which,  we  have  before  seen,  is  a  number  infinitely  great, 
and  herein  it  is  satisfiustorily  confirmed.     If  a  be  equal  to  2,  the  series  becomes  —1+2  +  4 

+  8  +  16  +  S2  +  64,&c.  to  infinity,  and  its  value  must  be -j^,  that  is  to  say  -zu-*  — li  which 

will  perhaps  appear  absurd,  until  it  is  recollected  that  if  we  want  to  stop  at  any  term  of 
the  series  we  must  join  the  fraction  which  remains.     Thus,  if  we  stop  at  64,  after  having 

written  1+2+4  +  8  +  16  +  32  +  64,  we  must  join  the  fraction  j^;^  or  :_p  or  —128;  we 

should  therefore  have  1 27  —  1 28,  which  is  —  1 . 

669.  These  properties  must  be  therefore  considered  when  for  a  numbers  greater  than 
unity  are  assumed*     But  when  a  is  less  than  1  the  whole  becomes  more  intelligible,   llius, 

let  ai«),  we  then  have  ^^ayl^si  jss2,  which  will  be  equal  to  the  following  series, 

1  +|-t-i-f-l  + A'^A'^'^'I'Tk*  ^  ^  infinity.     Now,  taking  only  two  terms  of  this  series, 

we  have  1  +  ),  and  it  wants  \  that  it  may  be  equal  to  |^<a2.     Take  three  terms,  and  it 

will  want  j,  for  the  sum  is  then  1].  Taking  four  terms,  we  have  1},  and  the  deficiency  is 
only  |.  Hence  it  is  evident  the  more  terms  taken  the  less  the  difference  becomes,  and 
that  if  we  continued  on  to  infinity  no  difference  would  exist  between  the  sum  of  the  series 

and  2,  the  value  of  the  friction  j^. 

670.  Letasr);  the  fraction  j^  will  be  gg-j— ;=j=«H,  which,  reduced  to  an  infinite 

series,  becomes  1  +  } -4- ) -t- Jr  +  A "^  iis>  &<s*»end  to  which  ^^^  is  consequently  equaL  Taking 
two  terms,  we  have  1^  Ibeing  still  wanting.  If  three  terms  are  taken,  we  have  1),  and  -^ 
will  still  be  wanting.  Four  terms  give  us  1^,  and  the  difference  is  ^*  Since»  then,  the 
error  continually  becomes  three  times  less,  it  will  vanish  at  last 

671.  Let  a^\\  we  shall  have  i^  =  f~|«  3,  and  the  series  is  1 +!-*-}  + j^  +  M  +  j^  &c. 

Taking  1  ],  the  error  is  1 1 ;  if  we  take  three  terms,  which  are  equal  to  2J,  the  error  is  ^ ; 
with  four  terms,  or  2  ^,  the  error  is  IS. 

672.  If  a»],  the  fraction  is  i~i='j  "^^^  and  the  series  is  1  +1-H-J^  + A  +  itB>  &c.     The 

two  first  terms  » 1  -i- }  gi^e  j^  for  tne  error,  and  if  we  take  one  term  more  we  have  1  fp  or 
an  drror  of  only  ^ 

673.  In  the  same  manner,  the  fraction  ^^  nuiy  be  resolved  into  an  infinite  series  by 
an  actual  division  of  the  numerator  1  by  the  denominator  1  +  a,  as  follows :  -— 


1  + 

a)l 

1  + 

(1  — «  +  aa— a'  +  a* 
a 

a 

a-^aa 

aa 
aa  +  a^ 

-a* 

a4 
a*  +  o» 

— o»,  &c. 

So  that  the  fraction  j-^-  is  equal  to  the  series  1  — a  +  aa-^a^  -^a^—a^-k-  a*— a?,  &c. 

674.  If  aal,  we  have  the  following  singular  result:  f^B^al^l  +  l.l +1  ^1  .|. 

1—1,  &c.  to  infinity.  The  result  appears  contradictory,  because,  if  we  stop  at  —I,  the 
series  gives  0,  and  if  we  finish  by  + 1 ,  it  gives  1 .  This,  however,  solves  the  difficulty,  for  as 
we  must  neither  stop  at  —1  nor  + 1,  the  sum  can  neither  be  0  nor  1,  but  some  quantity 
lying  between  these  two»  and  therefore  »^ 

675.  If  we  make  a»},  the  fraction  will  be  f^^if  which,  consequently,  expresses  the 
value  of  the  series,  1— 1  +  ^— }  +  A--y{|  +  ]j!|)&c  to  infinity.  If  we  take  only  the  two  lead- 
ing terms  of  this  series,  we  have  ^  which  is  too  small  by  |.     If  three  terms  be  taken,  we 
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hare  (  which  is  too  much  by  -^  Of  four  terms,  we  have  |»  which  u  too  small  by  jp  Sec 
If  aal,  the  finM^ion  wiU  be  f^»i  to  which  is  equal  the  series  1— i  +  J— Jr  + A^ils  +  Tb* 
&C.  continued  to  infinity.  Taking  only  two  terms,  we  have  |,  which  is  too  small  by  -f^ ; 
three  terms  are  equal  to  {,  which  is  too  much  by  j|.  Four  terms  are  equal  to  {f»  which  is 
too  small  by  ,^  and  so  on. 

676.  The  fraction  j-v^  may  be  resolved  by  another  method  into  an  infinite  series^ 
namely,  by  dividing  I  by  a -f  1,  thus:  — 


1^ 

'a 

1 1^ 

a      aa 


1 
aa 

aa     efl 
1 


1_ 
a* 

;^,  &c. 

Hius  we  find  also  that  the  firaction  ^^  is  equal  to  the  infinite  series  ^— ^  +  ^— ^4  + 

gi^St*  ^*     ^^  then,  we  make  as  1,  we  shall  have  the  series  1  —  1-hl  — 1+1  —  1,  &c.  =},  as 
before;  and  if  a»3,  we  shall  have  the  series  |~^  +  |~<jl^  +  y^—^  &c. »}. 

677.  So,geneFaUy,by  resolving  the  general  fraction  -~^  into  an  infinite  series,  we  have 


be 

'  a 
bc^bbc 

'  a       aa 

ibe 


Mc  .  bbbe 
aa 


•^-  +  -Sf 


From  which  it  appears  that  we  may  compare  ~j  with  the  series  5— ii+  y  — s?*  &c. 

c  8 

toinfimty.     Let  a— 2,  6 « 4,  c=s 3;  we  shall  then  have  s+j—j+a—l—i^l— 3  +  6  — 12,&c 

678.  Ifa«10,ft»l,and  c=ll.  wehave  j|^==,-J|y«l  =tt--^l,+Tifc-Tdyb»  3mj.  Taking 
only  one  term  of  this  series,  we  have  ]^  which  is  too  great  by  .^ ;  if  we  take  two  terms,  we 
have  ^  which  is  too  small  by  ^ ;  if  three  terms,  {^  which  is  too  great  by  ^  &c.  If  the 
dJyiiwT  f^ptft^n  more  than  two  terms,  the  division  may,  in  the  same  manner,  still  be  con- 
tinued to  infinity,     llius,  suppose  the  fraction  |,^^„^  proposed ;   the   infinite  series  to 


which  it  is  equal  would  be  found  as  follows :  •— 

S 
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1— a  +  aa)l  (1 +a— aS^tft  +  a<  +  a7»&a 

l^a  +  aa 


a- 
a- 

•'Oa 
•'Oa  +  a^ 

l-o<— «• 

-a3 

- 

-a« 

a7— a» 

Henoe  we  have  the  equation  p;^^:— -«! +a— «'— a^  +  a^  +  o^— «©— a*o,  &c. ;   in  which, 

if  we  make  a^  ] ,  we  have  1»14*1— l  —  l  +  l+l— 1— 1  +  1  +  1,  &c.,  which  Beries  containa 
twice  that  ofl  — 1  +  1— l+l,&c.  found  above ;  and  aa  that  has  been  found  equal  to  i,  it  is 
to  be  expected  that  we  should  find  |^  or  1  for  the  value  of  that  just  determined.     If 

assj  we  shall  have  the  equation  }»|"*ll— 1^1^+ A^ik'^'ilf  ^^  ^  a*")  ^«  *ludl  have 
the  equation  I  alsl  ^^^^~~^  +  ^,  &c.,  of  which  series,  if  the  four  leading  terms  be 

taken,  we  have  ^,  which  is  only  ^  less  than  f     Again,  if  a— |,  we  have  l»|sl+|— J^— 

H  +  'tt*  ^-f  *  series  which  is  equal  to  the  preceding  one,  and  subtractmg  one  firom  the 
other,  \~.ff^\H  +  X^  &c.  must»0.     llie  four  terms  added  together  nuke  — ^^ 

679.  The  methooof  resolving  generally  all  fractions  into  infinite  series  which  has  been  above 
^ven,  is  often  of  great  utility,  and  though  it  never  neascg,  an  infinite  series  may  have  a  de- 
terminate value.  Many  discoveries  of  the  highest  importance  have  been  derived  firom  this 
branch  of  mathematics,  which,  on  that  account,  well  deserves  the  study  and  comprehension 
of  the  reader. 

THK   SQUARES   OF   COmOXTm   QUAMTITIXS. 

680.  To  find  the  square  of  a  compound  quantity,  it  is  only  necessary  to  multiply  by 
itself  and  it  is  the  square  required;  thus  the  square  of  a  +  6  is  found  in  the  following 
manner  :•— > 

a  +  6 

a  +  fr 


aa  +  ab 

ab  +  hb 

iia  +  2a6  +  6fr 

From  which  we  leam  that  the  square  of  any  number  comprising  two  terms  consists,  first,  of  the 
squares  of  each  term,  namely  aa  and  66,  and  twice  the  product  of  the  two  terms,  that  is  Sa6. 
In  figures,  suppose  aa  12  and  6»4,  that  is,  let  it  be  required  to  find  the  square  <^16,wehave 
144+  96+  16,  or  256.  This  formula  then  gives  us  the  power  of  finding  the  squares  of 
numbers,  however  great,  if  we  divide  them  into  two  parts.  Thus,  to  find  the  square  of  49, 
recollecting  that  this  number  is  equal  to  40+9,  its  square  is  b1600  +  790  +  81  ^2401. 
From  the  same  cause  it  is  evident  that  the  square  of  a  +  1  will  be  oa  +  2a  + 1 ;  and  since 
the  square  of  a  is  oo,  we  find  the  square  of  a  + 1  by  adding  to  it  2a  + 1,  wherein  it  is  ob- 
servable that  this  2a  + 1  is  the  sum  of  the  two  roots  a  and  a+ 1 .  Hence,  the  square  of  10 
being  100,  that  of  1 1  will  be  100  +  21  (that  is,  100  +  2  x  10+  1  >  The  square  of  49  being 
2401,  that  of  50  is  2401+99^2500;  the  square  of  50  being  2500,  that  of  51  at.2500+  101 
i-2601,  &c. 

681 .  The  square  of  a  compound  quantity,  as  a  +  6,  is  thus  represented  (a  +  6)*.  We  have 
then  (a  +  6)s  »aa  +  2a6  +  66,  whence  result  the  following  equations :  -— 

(a+l)ftaaa  +  2a  +  l ;  (a+2)«»aa  +  4a  +  4;  (a+3)ftsBaa+6a  +  9; 
(a  +  4)> »aa  +  8a  +  1 6,  &c. 

682.  If  the  root  is  a— 6,  the  square  of  it  is  aa— 2a6  +  66,  which  also  contains  the  squares 
of  the  two  terms,  but  in  such  a  manner,  that  firom  their  sum  must  be  taken  twice  the  pro- 
duct of  those  terms;  thus,  let  a»10  and  6sai  — 1,  the  square  of  9  will  be  found  to  be 
100-20+ 1»81. 
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683.  Haying  thentheequation(a— 6)^ss oa—Sofr  +  U,  we  shall  have  (a— ])SB<ia— 2a +  1. 
From  which  it  is  evident  that  the  square  of  a~l  is  found  by  subtracting  from  aa  the  sum 
of  the  two  roots  a  and  a— I,  that  is,  2a— 1.  Let  as=50,  then  aass2500;  and  a— 1  =49; 
hence  49>«2500~99»2401. 

064.  The  rule  is  moreover  confirmed  and  illustrated  by  fractions ;  for,  taking  as  the  root 
]  -I- 1  (which  make  1 ),  the  square  will  be 

And  further,  the  square  of  )— )  (or  of  J)  will  be  J— i  +  }= A* 

685.  If  the  root  connsts  of  a  greater  number  of  terms,  the  square  is  determined  in  a 
similar  manner ;  take,  for  instance,  the  square  of  a  +  6  +  e. 

a  +  h  +  e 
a  +  b  +  e 


aa  +  ab  +ae  +he 

ab   +ae   +lib  +  bc   +ec 

oa  +  2ab  +  2a«  +  U  +  26c  +  ce 

686.  It  will  be  perceived  that  the  product  includes  the  square  of  each  term  of  the  roots, 
and,  besides  that,  the  double  products  of  those  terms  multiplied  two  by  twa  To  exhibit 
this  in  figures,  divide  the  number  S45  into  three  parts,  800  +  40  +  5 ;  its  square  will  then  be 
eomposed  of  the  following  parts :  — 

845 
90000  -   3002  9^5 

1600-     40«  i^ 

25      «  5*  IggQ 

24000  =   2x300x40  j^g- 

3000  =  2x300x    5 
400  »   2x    40x    5  119025 


1 1 9025,  which  is  equal  to  the  product  of  345  x  345. 

687.  Though  some  of  the  terms  of  the  root  be  negative,  the  rule  still  holds  good,  only  that 
we  must  be  careful  in  prefixing  the  signs  to  the  double  products.  For  instance,  the  square 
of  a->ft~cbeingaa  +  56  +  ec— 2a6  — 2ac+2ftc,  if  the  number  345  be  represented  by  400 • 


PattCive  psrtt.  Negative  put*. 

+  160000  -40000 

8500  4000 

500  

^  "44000 


+  163025 
-  44000 


1 19025,  the  square  of  345,  as  he&ne. 


EXTRACTION   OP    ROOTS   OF   COMPOUND   QUAMTtTIKS. 

688.  For  the  extraction  of  the  roots  of  compound  quantities,  and  the  rule  by  which  the 
operation  is  guided,  we  must  consider  with  attention  the  square  of  the  root  a  +  b,  which  is 
aa  +  2ab  +  bh.  It  will  be  seen  that  it  is  composed  of  several  terms ;  and  that,  therefore,  the 
root  win  comprise  more  than  one  term,  and  that  if  the  square  be  written  so  that  the  powers 
of  one  of  the  letters,  as  a,  may  continually  diminish,  the  first  term  will  be  the  first  square 
of  the  root ;  and  as,  in  the  instance  adduced,  the  first  term  of  the  square  is  oo,  it  is  certain 
that  the  first  term  of  the  root  b  a.  Having  thus  found  the  first  term  of  the  root,  that  is,  a, 
we  have  to  consider  the  rest  of  the  square,  namely  2ab  +  66,  and  endeavour  to  ascertain  from 
it  the  second  part  of  the  root,  which  is  6.  Now  as  the  remainder  2a6  +  66^  which  may  be 
represented  li^  the  product  (2a +  6)6,  has  two  fiutors,  2a +  6  and  6^  it  is  evident  that  the 
latter  61,  which  is  the  second  part  of  the  root,  will  be  found  by  dividing  the  remainder 
806  +  66  by  2a  +  6.  The  quotient  then  arising  from  the  division  of  the  above  remainder  by 
8a  +  6^  is  the  second  term  of  the  root  required.  In  the  division,  it  b  to  be  observed  that 
8a  b  the  double  of  the  first  term  a,  which  b  already  determined,  and  as  the  second  term  b 
yet  unknown,  though  for  the  present  its  place  must  be  left  empty,  the  division  may  be 
attempted,  since  in  it  we  attend  only  to  the  first  term  2a.  When,  however,  the  quotient  b 
ISMmd,  which  b  here  6^  it  must  be  put  in  the  empty  place,  by  which  the  divbion  is  rendered 
oomplete.     Hie  operation  b  thus  represented :  — 

S  2 
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aa  +  9ab  +  66  (a  +  6 
aa 


2a  +  b)2ab  +  hb 
Sab  +  hb 


0 

689.  In  a  similar  manner  may  be  found  ^e  square  root  of  other  compound  quantities, 
provided  they  are  squares,  as  may  be  seen  by  the  following  examples. 

(I.)  aa  +  6a6  + 966 (a +  36     (II.)  4aa>4a6  +  66(2a-6     (III.)  9/^9+ 24p9+ 1699(3^  +  49 
aa  4aa  9pp 

2a  +  36)  606  +  966  4a-6)-4a6  +  66  6p  +  49)     24p9+1699 

606+966  — 4a6  +  66  24pq+l6gq 

O  O  O 

(IV.)  25««-60ur  +  36(5jr-6 
25x» 


10x-6)-60x+36 
— 60X  +  36 


0 
690.  If  a  remainder  occurs  after  division,  it  proves  that  the  root  is  composed  of  more 
than  two  terms.  In  which  case,  the  two  terms  already  found  are  considered  as  forming  the 
first  part,  and  we  must  try  to  obtain  the  other  from  the  remainder  in  the  same  manner  as 
the  second  part  of  the  root  was  found.  The  following  examples  will  show  the  mode  of 
operation. 

(I.)  aa+2a6~2ac>26e  +  66  +  ce(a  +  6  +  c  (II.)  a4  +  2aS  +  Saa  +  2a  +  l(aa+a  +  l 

aa  a* 


2a  +  6)2a6~2ac  — 26c  +  66  +  oc  2aa  +  a)2a^  +  Saa 

Sab  +66  2aS+   cut 


2a  +  26—c)  — 2ac  — 26c  +  ee  2aa  +  2a+l)2aa  +  2a  +  l 

— 2ac--26c  +  cc  2aa  +  2a  +  l 


(III.)  a<-6a&6+15a466-S(Xi*'^  +  15aa6«-6a6*  +  6<(a9-3aa6  +  da66-6S 


2a9  -  3aa6)  •-  6a*6  + 1 50^66 
— 6a<6+    9a^66 


2a9  -  6006  +  3a66)  60^66  -  20aH^  +  1  Saab* 

6a«66-18a36S+    9006^ 


2a> -6006 +  6066- 63) -2a>63+    6006^  -  6a6>  +  6« 

-2a>6S+    6aa64-6a6A  +  6< 

0 

691 .  From  this  method  of  extracting  the  square  root,  it  is  easy  to  reduce  the  rule  given 
for  that  purpose  in  common  books  of  arithmetic ;  as  in  the  following  examples  in  numbers. 


529(23 
4 

9409(97 
81 

187)1309 
1309 

15129(123 
1 

1522756(1234 
1 

43)129 
129 

22)  51 
44     . 

2-2)  52 
44 

0 

0 

243)     729 
729 

243)  827 
729 

0 

2464)  9856 
9856 

o 


692.  If  there  be  a  remainder  after  the  whole  operation,  it  proves  that  the  number  is  not  an 
exact  square,  and  therefore  its  root  cannot  be  signed.  When  this  is  the  case,  the  radical 
sign  before  mentioned  must  be  written  before  the  quantity,  and  the  quantity  itself  is  placed 
between  parentheses,  or  under  a  line,     llius,  the  square  root  of  oa  +  66  is  represented  by 
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V(iia  +  66>  or  by  Vaa  +  hbt  and  a/(1— ««)  or  ^/l  — «*  expresses  the  square  root  of 
1  "xx,  Instead  of  the  radical  sign  the  fractional  exponent  \  may  be  used,  thus  {aa  +  W)^ 
to  aa^bb"^^  equally  represoit  the  square  root  of  aa  +  56. 

CAXCULAHON   OP   IMLAnONAL   QUAMTITIXS. 

69S.  The  addition  of  two  or  more  irrational  quantities  is  performed  by  writing  all  the  terms 
in  succession,  each  with  its  proper  sign.  They  may  often  be  abbreviated  thus :  for  Va  +  ^/a 
we  may  write  3v^a,  and  */a—  */a=Oy  because  the  terms  destroy  one  another.  Thus  the 
quantities  3+^/2  and  1  +  -•2  added  together,  make  4  +  2  V2  or  (590. )  4  +  ^/8.  The  sum 
of  5  -I-  'v/S  and  4  -  'v/S  is  9,  and  that  of  2  V8  +  3  V2  and  -v/3  -  V 2  is  3 -v/3  +  2  V2. 

694.  Subtraction  is  equally  simple,  since  we  have  only  to  change  the  signs  of  the 
numben  to  be  subtracted,  and  then  add  them  together,  thus :  — 

Subtract  from  4  -    -v/2  +  2-v/3-3V5  +  4-v/6 
The  numbers    1 +2'v/2-2\/3-5'v/5  +  6\/4 

3-3 -v/S  +  4  a/3  +  2-v/5  +  2  V6 

695.  In  multiplication  it  must  be  remembered  that  */a  multiplied  by  Va  produces  a, 
and  that  if  the  numbers  wluch  follow  the  sign  V  are  different,  as  a  and  h,  we  have  Vab  for 
the  product  of  */a  multiplied  by  Vh,  From  due  observance  of  this,  the  following  examples 
are  easily  calculated* 

1  +  V2  4  +  2V2 

1  +  ^/2  2-    V2 

1  +  V2  8+4V2 

+  ^3  +  2  ~4V2--4 

1+2a/2+2«3  +  2V2  8-4   =■     4 

The  rules  apply  also  to  iniaginary  quantities,  and  it  will  only  be  necessary  to  mention  that 
^. a  multiplied  by  V— a  produces  —a. 

696.  To  find  the  cube  of  —  1  +  a/  — 3,  we  take  the  square  of  that  number,  and  multiply 
such  square  by  the  number,  as  follows :  — 

-1  +  V-S 
-X+ V-3 

1-^-3 
-  V-3-3 


l-2V-3-3«-2-2V-3 

-1+    V-S 


2+2-V/-3. 
-2'V-'3  +  6 


2+6   =  8 

697.  To  ^vide  surcb,  we  have  only  to  express  the  quantity  in  the  form  of  a  fraction, 
which*  may  then  be  changed  into  another  expression  having  a  rational  denominator.  Thus, 
tor  instance,  if  the  denominator  be  o  +  Vh,  and  it  as  well  as  the  numerator  be  multiplied 
by  a—  VB,  the  new  denominator  will  be  oa-^  in  which  no  radical  sign  occurs.  Let  it, 
then,  be  required  to  divide  3  +  2-v/2  by  1  +  '/2,  we  have  t^^.  Multiplying  both  terms 
of  the  fraction  by  1  -  V2,  we  have  for  the  numerator,^ 


and  for  the  denominator,  — 


3  +  2^/2 
1-    V^2 

5T$r'v/2 

-3a/2-4 
3-.y2_4«- V2-!; 


1  + V2 

i  +  'v/2 
--•2-2 

1-2-=-!. 
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The  new  fraction  is  therefore  ""^^_|  "  ;  and  if  the  terma  be  again  multiplied  by  —1,  we 

ahall  have  for  the  numeratov  a/2+1,  and  + 1  for  the  denominator.     It  is  easy  to  show 

that  \/2+l  is  equal  to  the  proposed  fraction  ^l^  i  for   VS+l  being  multiplied  by 

the  divisor  1  +  a/2,  thus  — 

1  + v'a 

1+ a/S 

1  +  ^/2 
+  -v/2  +  2 


we  have   1 +2<v/2+2s3  + 2\/2. 

698.  Fractions  may  be  transformed  into  others  which  have  rational  denominators.    Thus, 
in  the  fraction  ^«^,  by  multiplying  both  numerator  and  denominator  by  S  +  2^/6,  it 

becomes  —  |^i«5  +  2a/6.  When  the  denominator  contains  several  terms,  the  radical 
signs  may,  in  the  same  manner,  be  made  to  vanish  one  by  one.  Tims,  in  the  fraction 
-^jq— ^.j— ^  the  two  terms  may  be  multiplied  by  \/10+  a/2+  a/S,  by  which  is  obtained 

the  fimction  ^^^Qi  '  Then,  multiplying  its  numerator  and  denominator  by  5  +  2^/6, 
we  have  5a/10+ 11  a/2  +  9a/S  +  2'v/60. 

or   CUBES,    AKO   THB    KXTaACTIOK   OF   THEU    ROOTS. 

699.  The  cube  of  a  root  a  +  6  is  found  by  multiplying  its  square  <ui  +  2ab  +  bb  again  by 
a-^h,  thus :  — 

aa  +  2ab  +  bb 
a  +  b 


aab-^^abb  +  h^ 


aS  -I-  Saab  +  Sabb  +  &9  =sto  the  cube  of  a  +  ft. 

The  cube,  then,  oontuns  the  cubes  of  the  two  parts  of  the  root,  and,  besides  that,  Saab  +  Sabb, 
a  quantity  equal  to  {Sab)  x  (a  +  b),  that  is,  the  triple  product  of  the  two  parts  a  and  ft  mul- 
tiplied by  their  sum.  From  which  we  learn,  that  when  a  root  is  composed  of  two  tenns, 
its  cube  is  easily  found.  Thus,  the  number  5a-3  +  2;  its  cube,  therefore,  ii27-l-8  +  18x5 
-125. 

700.  When  the  cube,  as  aS  +  Sooft  +  Softft  +  ft^,  is  given  to  find  the  root,  the  following  is 
the  process,  the  cube  being  arranged  according  to  the  powers  of  one  letter.  By  the  first 
term  a'  we  perceive  that  a,  whose  cube  is  a^,  is  the  first  term  of  the  root ;  if,  then,  that 
cube  be  subtracted  horn  the  cube  proposed,  the  remainder,  Caab  +  Sabb  +  ft^,  will  furnish 
the  second  term  of  the  root.  Now,  knowing  that  the  second  term  is  +  ft,  our  object  is  to 
find  how  it  may  be  derived  from  the  above  remainder.  This  remainder  nuy  be  expressed 
by  two  fiftctors, — namely,  (Soa  +  Saft  +  ftft)  x  (ft) ;  if,  therefore,  we  divide  by  the  first  of  them, 
we  obtain  +  ft,  the  second  part  of  the  root  required. 

701 .  But  the  second  term,  as  well  as  the  divisor,  are  supposed  to  be  unknown ;  we  know, 
however,  the  first  term  of  that  divisor,  —  that  is,  Sao,  or  thrice  the  square  of  tilie  first  term, 
already  found ;  and  that  is  sufficient,  for  by  that  it  is  easy  to  find  the  other  part  ft^  and  then 
complete  the  divisor  before  performing  the  division.  For  this  purpose  we  must  join  to 
Soa  thrice  the  product  of  the  two  terms,  or  Soft  and  ftft^  or  the  square  of  the  second  term  of 
the  root     We  sul^oin  two  examples :  — 

(I.)  a3  +  12aa  +  48a  +  64(a  +  4 

Soa  +  12a  +  I6)12aa  + 48a  +  64 
12aa  +  48a  +  64 

O 
(II.)  a<-6a»  +  15a4-a0aS-«-15a9-6a+I(aa^2a+l 
a* 


3a4«6a9  +  4aa)-~6a*  +  15a«-20a9 
-6a>-«-12a4-   8a9 


Sa't*12a9  +  I2aa  +  Sa«— 6a  + 1  )Sa«— 1 2a9  +  15a«— 6a  + 1 

3a4-12a9  +  15a«~6a+ 1 


0 

On  this  analysis  is  founded  the  common  rule  for  the  extraction  in  numbers  of  the  cube 
root     Take,  for  example,  the  number  4096. 
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S  times  10>  « 
3  times  10x6 
6^  (second  tenn) 


:dOO 
>180 
•  36 

516 


4096(10+6t>16 
1000 


3096 


3096 


We  will  further  extract  the  cube  root  of  88881856. 


Stmie8  400«         -  -     .480000 

3  times  400x30  -  -     «  36000 

30*  (square  of  second  term)a       900 

516900 


3times4d0«         -  -     a554700 

3  times  430  x  6     -  -     ■■     7740 

6*  (square  of  third  term)     b         36 

562476 


82881856(400+30  +  6 
64000000 

18881856 


15502000 
13374856 


13374856 


THX   BIOHSB   rOWX&S  OF   COXPOUKD  QUAITTITIU. 

702.  Powers  of  a  greater  number  of  degrees  than  squares  and  cubes  are  now  to  be 
eonadered.  We  hare  already  explained  the  method  in  which  they  are  represented  by 
exponents.  It  will  be  found  conyenient  to  keep  in  mind  that,  in  deaHng  with  a  compound 
root,  it  is  inclosed  in  a  parenthesis.  For  instance,  (a  +  b)*  signifies  that  a  +  6  is  to  be  raised 
to  the  fourth  power  or  d^p!«e,  and  that  (a— 6)7  expresses  the  seventh  power  of  a~& ;  the 
subject  of  this  section  is  to  explain  the  nature  of  these  powers,  in  which  some  pecxiliarities 
win  be  Dotieed. 

708.  If  the  root  or  first  power  be  a  +  6,  all  the  higher  powers  will  be  found  by  multiply- 
ing the  last  power  found  again  by  the  root,  as  in  the  following  example :  — 

(a  +  ft)>aa  +  9^ 
a  +  b 


aa+aB 
+  a6  +  M 

(a  +  ()>  8  oa  +  2afr  +  66^ 
a  +  ( 


aS  +  20a6+  abb 
+  aab  +  2ahb  +  bS^ 


(a  +  by^ma^  +  Saab  +  Sabb  +  b^ 
a  +  b 


a^  +  3a!^  +  3aabb+   ab^ 
+   a96  +  3aa(6  +  3a69  +  M 

(a+  6)4.a4  4. 4aSfr  4. 60066+ 4a69  +  M 
a  +  6 

^•  +  4a46  +  6a966  +  4aa69+~a6^ 
+   o*6  +  4a566  +  6aa65  +  4o6*  +  6> 

(o  +  by  »a»  +  50^6  +  10aS66  +  lOtuOi  +  5db^  +  6» 
a  +  6 

a«  +  5o»6  +  10a466  +  10aS6S+   50*64+   a6« 
+   a<6+    5a466+10aS69  +  10afl64  +  5a6»+6' 

(a  +  6)«-a0  +  6o»6  + 1 50^66  +  20a969  +  \5aV>^  +  6a6&  +  6«,  Ac. 
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704.  In  a  nmilar  nuuiner  are  found  the  powers  of  the  root  a—b,  the  only  difference 
bcdng  that  the  even  or  2d,  4Ui,  6tb,  &c  terms  will  be  found  to  be  affected  by  the  lign 
minus. 

a-b 


aa—ab 
^ab  +  bb 

(a^b^»aa^2ab  +  lb 
a-5 


«>  — 2aa6+   abb 
—  aab-^2abb^b^ 

(a -6)S -ai  -  3aa6  +  SoM -frs 
a-fr 


a^—Sa^b  +  Saabb'^  aXfl 

(a  -  6)4  -  a«  -  4a96  +  600(6  -  4a63  +  &* 
a-6 

a>  —  4<i<6  +  6a966 — 4oa69  +    ei6« 
-  a«6  +  4o966->6aa6S+4a64-6» 

(a  -  6)>  >  a»  -  5a46  + 1  OaS66  - 1  Oaa6S -I- 5a64  ^{  s' 
a-6 

o«-5a>6+ 100^66 -100363+    5aa6«-  o6* 
-^  a»6+    5a«66-10a363  +  10aa64-5a6i+6« 

(o  -  by  »<i«.6aS6  +  I5a466-20a363  +  15oo64-6<i6*+  6Mkc 

705.  In  this  last  example  all  the  odd  powers  of  6  have  the  sign  ~,  while  the  even  powers 
retain  the  sign  + .  The  reason  is,  that  the  powers  of  that  letter  ascend  in  the  following 
series,  —6,  +66,-63,  +6^—6*,  +6%  &c.,  which  sufficiently  indicates  that  the  even 
powers  must  be  affected  by  the  sign  + ,  and  the  odd  ones  by  the  sign  — .  The  labour  of 
the  calculation  being  considerable,  it  is  important  to  find  a  mode  of  performing  the  opera^ 
tion  in  an  abridged  manner.  Now,  if  in  the  powers  above  determined  we  take  away  the 
numbers,  or  eoeffieienta  preceding  each  term,  we  shall  observe  the  following  order :  fixst,  in 
each  succeeding  term  the  powers  of  a  decrease  by  unity,  whereas  the  powers  of  6  increase 
in  the  same  proportion,  so  that  the  sum  of  the  exp<ments  of  a  and  6  b  always  the  same,  and 
always  equal  to  the  power  of  the  exponent  required ;  and,  lastly,  we  find  the  term  6  by 
itself  raised  to  the  same  power.  Hence  we  know  that  if  the  tenth  power  of  6  were  re- 
quired, the  terms  without  their  coefficients  would  stand  in  the  following  order  :  a<o,  a^6, 
0^6^,  a763,  a^b*,  a*6*,  0^6^  0^67,  aS6*,  ab^,  6^0.  To  determine  the  coefficients  or  numbers  by 
which  these  are  to  be  multiplied,  we  may  observe  that,  with  regard  to  the  first  term,  its 
coefficient  is  always  unity  ;  and  that,  in  respect  of  the  second,  its  coefficient  is  always  the 
exponent  of  the  power ;  but  the  order  of  the  other  coefficients  is  not  so  manifest,  though 
there  is  a  law  by  which  they  are  governed,  which  the  following  table  wiU  show. 

Powers.  Coeficlents.  Sum  of  the  ooefldeiits. 

I  -  ...  1,1         -         -         - 

II  .  .         -         -1,2,1- 

III  -  -         -         -     1,.S,  3,  1     - 

IV  -  .         -  1,  4,  6,  4,  1 
V  -  -         -       1,  5,  10,  10,  5,  1 

VI  -         -         -  1,6,  15,  20,  15,  6,  1       - 

VII  -         -  1.7,  21,  35,  35,  21,  7,  1    - 

VIII  -         -       1,8,28,56,70,56,28,8,1 

IX  -  1,  9,  36,  84,  126, 126,  84,  36,  9,  1     - 

X  1,  10,  45,  190,  210,  252,  210,  120,  45,  10,  1 

From  which  we  may  see  that  the  tenth  power  of  a+6  will  be  a*o+10a%  +  45aW+  120 
o76'  +  2i(kflb*  +  252aft6»  +  2100^60  + 1 20a367  +  45oo68  +  10a69  +  6^0. 

706.  The  sum  of  the  coefficients  in  each  power  is  equal  to  the  number  2  rused  to  the 
same  power,  as  will  be  seen  by  reference  to  the  above  table,  and  they  increase  from  the 
beginning  to  the  middle,  and  tiien  decrease  in  the  same  order.  In  Uie  even  powers  the 
greatest  coefficients  are  exactly  in  the  middle,  but  in  the  odd  powers  two  coefficients  equal 
and  greater  than  the  others  are  found  in  the  middle  belonging  to  the  mean  terms.  We 
shall  hereafter  touch  upon  the  reason  of  the  following  rule  for  determining  the  coefficients 


2 

B9 

21 

4 

H 

2« 

8 

K 

29 

16 

EB 

24 

32 

a 

2« 

64 

Si 

2« 

128 

M 

27 

256 

OB 

2> 

512 

» 

2» 

1024 

sa 

Sio 

Chap.  I.  ARITHMETIC  AND  ALGEBRA.  265 

in  all  powers  proposed.  Let  the  power  propoeed  be  the  seventh,  then  placing  the  exponent 
of  the  power  as  the  numerator,  and  letting  the  denominator  follow  in  the  natural  order  of 
the  numbers  I,  2,  3,  4,  &c.,  we  have  the  following  fractions,  )>  ft  |>  ^  {»  }>  f  Now,  as  the 
first  coefficient  is  always  1,  the  first  fraction  gives  the  second  coefficient,  uie  product  of  the 
two  first  fractions  multiplied  tc^ether  gives  the  third  coefficioit,  the  product  of  the  three  first 
fractions  represents  the  fourth  ooefficioat,  and  so  on ;  thus,  for  instance,  the  fifth  coefficient 
will  be  the  product  of  |  x  }  x  )  x  ^si35,  &c.  This  rule  renders  it  unnecessary  to  find  the 
preceding  coefficients,  and  enables  us  to  discover  immediately  the  coefficients  which  belong 
to  any  power ;  and  we  can,  by  its  aid,  express  any  power  of  a  +  b  however  high ;  thus,  the 

hundredth  power  of  a  +  6,  wHl  be  (a  +  6)ioo  =  aioo+  1~  xa'W6+  ^^^  +  oMfra  +  l^O^I?^ 
^^^+^^1^3^$^^^^^  +  *  ^^  >  ^™  ^^^^  ^®  ^^  ^^®  preceding  terms  is  evident. 

OV  THX  T&ANSPOSrriON  or  UCRSKS,   WHXRSON  THB   LAST   KULS   ftXSTS. 

707.  In  the  coefficients  we  have  just  been  considering  it  will  be  found  that  each  term  is 
presented  as  many  times  as  the  letters  whereof  the  term  consists  can  be  transposed ;  or,  in 
other  words,  the  coefficient  oi  each  term  is  equal  to  the  number  of  transpositions  that  its 
letters  admit.  Thus,  in  the  second  power  the  term  ba  is  taken  twice,  tiiat  is  to  say,  its 
coefficient  is  2,  for  the  order  of  its  letters  ab  or  ba  can  be  changed  only  twice.  The  term  aa, 
whose  letters  can  undergo  no  change,  is  hence  only  found  once.  In  the  third  power  of  a  +  & 
the  term  aab  can  be  written  in  three  different  ways,  aab,  abet,  baet,  and  here  the  coefficient 
is  3.  In  the  fourth  power  the  coefficient  of  a^b  must  be  4,  because  aaab  admits  of  four 
diflferent  arrangements,  aaab,  aaba,  abaa,  baaa,  and  so  on.  It  thence  becomes  desirable  to 
know  in  how  many  different  ways  a  given  number  of  different  letters  may  be  arranged. 
Now,  beginning  with  the  simplest  case,  namely,  a  and  b,we  see  at  a  glance  that  only  two 
transpositions,  namely  ab  and  ba,  can  take  place.  If  we  have  three  letters,  we  see  that  each 
of  the  three  may  take  the  first  place,  while  the  two  others  admit  of  two  transpositions. 
Urns,  making  a  Uie  first  letter,  we  have  abc,  acb ;  if  &  is  the  first,  we  have  bac,  bca ;  but  if  c 
is  maJc  the  first,  we  have  cab,  ckx.  Hence  the  whole  number  of  arrangements  is  3  x  2  =»  6. 
If  four  letters,  abed,  occur,  each  may  be  placed  first,  and  we  know  the  three  others  are 
capable  of  six  different  arrangements ;  hence  the  whole  number  of  transpositions  is  4  x  6  »  24, 
or  4x3x2x1.  If  the  number  of  letters  be  five,  we  have  5xS24asl20i  or  5x4x3x2x1. 
Whatever,  then,  the  number  of  letters,  provided  they  be  different,  the  number  of  trans- 
pontions  is  easily  determined,  and,  up  to  the  number  ten,  are  subjoined  in  the  following 
table:  — 

Number  of  IsCtcn.  Number  of  transpositions. 

I 1  =  1 

II 2x1=2 

III 3x2xl»6 

IV  -         -         -         *         -      4x3x2x1=24 

V  -         -         -         -         5x4x3x2xl»120 

VI  -         -         -         -  6x5  x4x3x2xl«a720 

VII  -         -         -      7x6x5x4x3x2x  lsa504O 

VIII  -         -  8x7x6x5x4x3x2x1  «40320 

IX  -         .    9x8x7x6x5x4x3x2x1=362880 

X  -     10x9x8x7x6  x5x4x3x2xl»S628800 

The  numbers,  however,  in  this  table  can  only  be  used  when  the  letters  are  all  different ; 
and  if  two  or  more  of  them  are  alike,  the  number  of  transpositions  becomes  much  less ;  as, 
if  the  letters  were  all  alike,  there  could  be  but  one  arrangement.  Our  next  object,  then,  will 
be  to  find  how  the  numbers  in  the  table  diminish  from  similarity  of  letters.  We  have  seen 
that  when  two  idmilar  letters  occur,  only  one  arrangement  can  be  made,  consequently  the 
number  above  found  is  redu^d  one  half,  or  must  be  divided  by  2.  If  these  letters  are 
atike,  the  six  transpositions  are  reduced  to  one,  whence  the  number  in  the  table  must  be 
divided  by6i«3x2xl.  And,  in  the  same  way,  when  four  letters  are  alike,  we  must  divide 
the  number  in  the  table  by  24»4  x  3  x  2  x  1,  &c 

708.  Thus  there  is  no  difficulty  in  ascertaining  the  number  of  transpositions  the  letters 
aaabbe  may  undergo ;  for,  if  they  were  all  different,  they  would  admit  of  6x5x4x3x2x1 
tranqxwitiona.  But  as  a  occurs  three  times,  we  must  divide  the  number  of  transpositions 
by  3  X  2  X  1 ;  and  as  b  occurs  twice,  we  must  again  divide  by  2  x  1  ;  the  numbers  required, 

therefore,  will  be  ®-|x^i|2^r«5  x  4x  3=60. 

709.  We  shall  now  apply  the  rule  in  the  example  of  the  seventh  power  of  a  +  &,  or 
(a  +  by.  The  first  term  is  a1,  which  only  occurs  once ;  and,  as  all  the  other  terms  have 
seven  letters,  the  number  of  transpositions  for  each  term  would  be7x6x5x4x3x2xl  if 
the  letters  were  aU  different.     But  the  second  term  a^b  contains  six  letters  alike,  hence 
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the  product  last  mentioiied  must  be  divided  by6x5x4x3x2xl»  whence  the  coefficient 

.|l  -      7x6x5x4x8x8x1      6040     7         ^ 
^^  °^     6x5x4x8x«xl    "TaO"!  **  ^■ 

710.  In  the  third  term  a^bbf  the  name  letter  a  occurs  five  times  and  the  same  letter  b 
twice^  the  total  number  of  letters  being  seven  all  through  the  power.  We  have  here,  then, 
to  divide  the  number  which  seven  transpositions  give  by  5x4x3x2x1,  and  then  by  2  x  1, 

whence  we  have  the  coefficient  -J^rlf^i^xaxl^^- r  *»'  ^1.  It  will  be  unneoes. 
sary  to  proceed  with  the  remaining  terms,  the  mode  of  finding  the  coefficient  must  be 
obvious.  From  what  has  been  already  said  we  shall  find  that  the  above  rule  enables  us  to 
find  all  the  powers  of  roots  consisting  of  more  than  two  terms.  Let  us,  for  instance,  apply 
them  to  the  third  power  of  a  +  6  -I-  e,  the  terms  whereof  must  be  formed  by  all  the  possible 
combinations  of  the  three  letters,  each  term  having  for  its  coefficient  the  number  of  its 
transpositions  as  above.  The  third  power  of  a  +  b  +  c  will  be  found  by  multiplication  to 
bea^+3aab  +  3aac  +  3eM  +  6abe  +  3aee  +  b^  +  3bb'^3bee  +  c^, 

711.  Now,  suppose  a«il,6i-l,  c—1,  the  cube  ofl  +  1  +  1  orofS  will  be  l+3  +  3-t-3 
+  6  +  3+1+3  +  3+1  «27,  and  the  rule  is  thereby  confirmed. 

TBX   KXritSSSXOK  OF  IltltATIOKAL   POWERS  BT   IKHNITX   SXRIX8. 

712.  If  we  had  supposed  a^l,  ftal,  and  cb  —l,  we  should  have  found  for  the  cube  of 
1 +1-1,  that  is,  of  1,  1  +  3-3  + 3-6 +  3  + 1-3  + 3-1  »1. 

71 3.  lii  subsection  705.  we  have  shown  the  method  of  finding  any  power  of  a  +  6.  Suppose 
the  exponent  undetermined,  but  expressed  by  »,  we  shall  have  the  rule  there  laid  down 

If  the  same  power  of  the  root  a— 6  were  required,  we  should  have  only  to  change  the 
signs  of  the  even  terms,  and  should  have 

(a-6)»- a»-Ja*-'6  + J +*^a»-'^6«-5  X  ?i^  X  ?5j»„»-»6» +?  X  •!=-' 

»»-3^i^-4i.4 


714.  These  formulc  are  useful  from  the  facility  they  affiird  in  expressing  all  kinds  of 
radicals.     It  has  already  been  seen  that  all  irrational  quantities  may  assume  the  form  of 

powers  whose  exponents  are  fractional,  and  that  i^O'^e^i  ^^a';  and  J^asBt^,    We  have, 

al80,then-y(a  +  6W(«  +  6)*;  -^(a  +  5)«(a  +  6)*;  and -^'(o  +  6)=(a  +  6)»,&c  Whence,  if 
the  square  root  of  a  +  6  is  required,  we  have  only  in  the  general  formula  to  substitute  the 
fraction  }  finr  the  exponent  »,  and  we  shall  have,  first,  for  the  coefficients — 

--l;-^^ J;  5J?=-|;  ^--J;  "^ ft;  =i5--ft.   Then,a«  =a*-ya,  and 


u*-l«^ ;  «*"*«^ ;  a""^*»i^;v  *«•  '•  or  the  powers  of  a  may  be  expressed  as  follows: 

The  square  root,  then,  of  a  +  5  may  be  expressed  in  the  following  manner, 

y(o+ ft)-  Va+ J65^-4  X  1»^  + 1 X  i  X  %V^-\  x  J  x  |  x  |6«^".  &c 

71 5.  Hence,  if  a  be  a  square  number,  the  value  of  Va  may  be  aanffned,  and  the  square  root 
of  a  +  &  may  also  be  expressed  by  an  infinite  series  without  any  ramcal  sign.     Suppose,  for 

instance,  aascc,  we  shall  have  Va^ei  then  ^(cc  +  ft)*c  +  ix -— J^  +  ^x^— t|,  x^,  &c. 

So  that  there  is  no  number  whose  square  root  may  not  be^extracted  in  the  same  way  ;  for 
every  number  may  be  resolved  into  two  parts,  one  whereof  is  a  square,  represented  by  cc 
Thus,  if  we  require  the  square  root  of  6,  make  6»4  +  2,  then  cca4,  c«2,  &»2, 
whence  results  VB  »  2  +  }— ft + ^^ lA^  &c  ;  and,  taking  only  the  two  leading  terms  of  this 

series,  we  find  2*1-1,  whose  square  ^  is  )  greater  than  6 ;  but  if  we  take  three  terms,  we 
shall  have  2ft«*f|,  whose  square  \fijf  is  still  jl^  too  smalL  As  |  in  this  example  iq>proaches 
very  nearly  to  the  true  value  of  vo,  we  wilftake  for  6  its  equivalent  quantity  V—f  Thus 

ec^f;  c»);  &=};  and  using  the  two  leading  terms,  we  find  v^6b|  +  }x  — 1«)— }x  *» 

t^i^tt*  and  the  square  of  this  firaction  being  ^,  exceeds  the  \/6  onl^  by  ^ 

71 6.  Now,  taking  6  ^^  —  Jg»so  that  e^^  and  6«^,  and  still  oonfinmg  ourselves  to  the 

two  leadmg  terms,  we  have    v^6»K  +  )x  ~W»||-4x^»K-^»(g^  the    square 

whereof  is  ^jf^.  Now  6,  when  reduced  to  the  same  denominator,  Vi^^StSK  >  ^®  error, 
therefore,  is  cmly  ^g^m- 

717.  In  a  sinular  way  may  be  expressed  the  cube  root  <tf  a  +  6  by  an  infinite  aeries^   For,  as 
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^(a-f-ft)a(a  +  5)^,  we  shall  hare  in  the  general  fonnula  «»)»  and  the  coefficients  will  be 


l""!*  "T"**""!*  -^■»— J;  *^«  — |;  "^s*— JJ,  &C.,  and  for  the  powers  of  a  we  have 
a"-^a;  a»-*-'^;  a*-«-^;  a*"'*^,  &c.  Then  -^(a  +  ft)- >^«  + Jx6*?  + Jx» 
M  '*'  A  ><  ^'^~' j&  ^  ^^>  ^-  But  if  a  be  a  cube  or  a^c^,  we  have  ^a«e  and  the  radi- 
cal signs  will  Taniah,  fi>r  we  shall  have  ^(<^  ^^)'^^  +  i^i.—i^^  +  tt^ %^^ x ^  +  &c. 

718.  Hius  we  arrive  at  a  formula,  enabling  us  by  approximation,  as  it  is  called,  to  find 
the  cube  root  of  any  number,  because  every  number  may  be  resolved  into  two  parts,  as  c*  +  6, 
whereof  the  first  u  a  cube.  I^  for  example,  we  are  required  to  determine  the  cube  root  of 
S,  we  represent  2  by  1+1,  so  that  e^l  and  &=s],  consequently  ^/2b1 +)— ^  +  ^  &e. 

Hie  two  leading  terms  of  which  series  make  l^s"!*  the  cube  of  which,  |f,  is  too  great  by 
^     Let  us  then  make  S»f}"t(ff   we  shall  now  have  cs|,  and  b^--^  and  therefore 

^8a.|  +  }x    S.     These  two  terms  give  }-A^H>  ^®  ^^^  whereof  is  y^^     But  2» 

ymH  ;  so  that  the  error  is  yfOfg.  Tlius  we  may  approximate  the  root ;  and  the  filter,  as  a 
peater  number  of  terms  is  tucen. 

AxsoLunoN  or  nsoativx  fowzbs. 

719.  It  has  already  been  seen  that  -  may  be  expressed  by  a~~^     For  the  same  reason, 

^jx{  ™<iy  ^  represented  by  (a  +  b)"^^ ;  hence  the  firaction  ^^^  may  be  considered  as  a 
power  of  a  +  6,  namely,  that  whose  exponent  is  —  1  ;  hence  we  conclude  that  the  series 
already  found  as  the  value  of  (a  +  b^  will  extend  to  this  case. 

780.  As  ^^^  is  the  same  as  (a  +  6)~~^,let  us  assume,  in  the  general  formula,«a  —  1 ;  then 

for  coefficients  we  shall  first  have  £»~1  ;  ^^^l  ;  "^s  — 1; '^»  — 1,  &o.  For  the 
pawers  of  a  we  shall  then  have  a*=so"~*«j  ;   a*~*=ao""*«^ ;  a*~*a«^  ;  a"~^s«^,  &c 

So  that  («  +  ^)""*=5:J:j*»5  —51+  5»~S  "•■  ^■"S*  ^^•»  ^*"®^  *■  *^®  """"^  series  before  found 
by  divinon. 

781.  Now,  t^^M  being  the  same  as  (a  +  fr)~*^,  let  us  reduce  it  to  an  infinite  series;  for 

which  purpose  we  must  suppose  «»  —  2,  and  we  have  for  the  coefficients  ^  »  —  f ; 


-|;5^--t;5^-~j,&c.    And  for  the  powers  of  a;  a*- i;    a"-*-^-;  a^*=^; 

-■-^-i.&c.     We  therefore  obtain  (a +  5)-««^-^-f'<^  +  !'<  I  »SHx|>«1xS 
+  )x}x|x{^,&e.      Now)s2;   1x}»S;    )xix|»4;   f  x  }x  |  x  f=>5,  &c.     Wehave, 

***'«^*»^(iHF5?='i--2^  +  35--^5  +  ^S-"^S  +  ''S»**''  To  proceed,  let  us  take«--3, 
and  we  have  a  series  expressing  the  value  of  t^lMSf  or  of  (a  +  6)"^.  The  coefficients  will 
be  fas—);  -5- «=— l;-^-™— |; -^s»— J&c,  and  thepowers  of  abecome  a*«^;  a"~* 
H;  rf*-*^-i.  &e-  ^hich  gives  ^-i,-f|i  +  fx|g-f'<|x^  +  l'<l><l><jS.»nd 
«-i-8i  +  65;-loSJ+155-3l5  +  285-36^  +  45^,&c. 

722.  If  we  make  «=  — 4,  we  have  fi>r  the  coefficients  "  «  — 4;  ^^  =  —  J;  ^^^  —  J » 


5^-J,  &e.;  and  for  the  powers  ii"«^;a*-^-^;a*-*-^;a"-3-^;a**-*«5b&c.; 
whence  we  obbun  (5^4=i4-4xi  +  lx|x5-t  x  Jx|^ +1  xlxjxjx  5;  andc=l- 

723.  From  the  cases  considered,  we  are  able  to  conclude  that  fi>r  any  negative  power 
9f  a  + 1^  we  shall  have 

1  1      m        ft        m    m+1        *■       m    m+1     m+2       ft* 

(a  +  ft)""     <^      1     or"*'      1         8        a""**      12  S        a'"^^' 

by  means  of  which  formula  all  such  fractions  may  be  transformed  into  infinite  series,  sub- 
stituting also  fiactions  or  firactional  exponents  for  m,  in  order  to  express  irrational  quantities. 

7S4.  In  forther  illustration  of  this  subject,  we  recal  to  mind  that  -^:fi-'i-^Sk  +  ^"^^i 

4-  ^— ^  + »  ^<^  >  >^^  ^bis  series,  therefore,  multiplied  by  a  +  ft,  ought  to  produce  1  ;  which 
b  found  to  be  the  truth  by  performing  the  multiplication  thus  — 
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1       b»     »^b*     ft»^- 
a  +  b 

^b      l^^l^     M^ftft      - 


1 

725.  It  has  also  been  shown  that  (jlftji-ra-g  +  lr-^ +5'-V'*«-     ^^^  ««  •^e^'^i^ 
this  series  be  multiplied  by  (a  +  6)^  or  oa  +  2a6  +  66,  the  product  will  be  found  to  be  » 1. 

726.  If  the  series  found  for  the  value  of  /^gn  be  multiplied  by  a  +  6  only,  the  product 
ought  to  be  the  fraction  ^r^  or  be  equal  to  the  series  already  found,  namely,  -—  ->  +  xs  — 
^  +  ^,  &c. ;  and  that,  on  multiplication,  will  be  found  to  be  the  case. 

AKrrHMBTICAL   RATIO. 

727.  The  relation  which  one  quantity  bears  to  another,  with  respect  to  magnitude,  is 
called  a  ratio.  It  is  evident  that  no  relation  can  exist  between  quantities  that  are  not  of  a 
similar  kind ;  as,  for  example,  a  number  must  be  compared  with  a  number,  a  line  with  a 
line,  &c.  The  magnitudes  of  quantities  may  be  compared  in  two  ways.  In  the  first,  they 
may  be  compared  with  regard  to  their  difference ;  ^and  then  the  question  asked  is,  how 
much  one  quantity  is  greater  or  less  than  another  ?  The  relation  in  this  respect,  which 
quantities  bear  to  each  other,  is  called  their  arithnuHcal  ratio.  The  other  way  in  which 
they  may  be  compared  is,  by  inquiring  how  often  one  quantity  is  greater  than  another  ? 
and  this  relation  between  quantities  is  called  their  geometrical  ratio.  The  term  ratio,  when 
simply  applied,  is  generally  understood  in  the  latter  sense ;  and  we  shall  reserve  the  word 
ratio  and  relation  to  express  geometrical  ratios. 

728.  By  subtraction,  the  difference  is  found  between  two  numbers ;  hence  the  question, 
how  much  the  one  is  greater  than  the  other.  Lb  easily  resolved.  Thus,  between  two  equal 
numbers,  the  difference  being  nothing,  if  we  are  asked  how  much  one  of  the  numbers  is 
greater  than  the  other,  the  answer  is,  by  nothing.  Thus,  8  being  ss2  x  4,  the  difference 
between  8  and  2  x  4  is  O. 

729.  When  two  numbers,  as  S  and  3,  are  not  equal,  and  we  require  to  know  how  much 
5  is  greater  than  3,  the  answer  is  2,  and  it  is  obtained  by  subtracting  S  from  5.  So  1 7  is 
greater  than  7  by  10,  and  25  exceeds  8  by  1 7.  There  are  therefore  three  things  relative 
to  the  subject  for  our  consideration :  1st,  the  greater  of  the  two  numbers ;  2d,  the  less; 
and  Sd,  the  difference ;  which  three  quantities  are  so  connected,  that  two  of  the  three  beinff 
given,  the  third  may  also  be  determinecf.  Suppose  the  greater  number  =:a,  the  less  =6,  and 
the  difference  ^d,  the  difference  will  be  found  by  subtracting  6  from  a,  so  that  cltsa->6, 
whence  we  find  ci^  if  a  and  6  are  given. 

730.  But  if  the  difference  and  the  less  6  of  the  two  numbers  are  given,  the  greater 
number  is  determined  by  adding  the  difference  to  the  l^s  number,  whidi  givesas6-f  d ; 
for  if  we  take  from  6  +  cf  the  less  number  6,  there  remains  d,  which  is  the  known  difference. 
Let  the  number  » 1 2  and  the  difference  ^  8,  then  the  greater  number  « SO.  Lastly,  if  a 
the  greater  be  given,  and  d  the  difference,  6  will  be  found  by  subtracting  the  difference  fit>m 
the  greater  number,  that  is,  6sBa— ci. 

731.  The  connection,  then,  among  the  numbers  is  of  such  a  nature  as  to  give  these 
results: — 1st.  cfsa— 6;  2d.  a=6  +  <f;  3d.  b=a—d;  and,  generally,  if  zssx  +  y,  then 
y=^z—x  and  x^z—y.  It  must  here  be  remarked,  with  respect  to  arithmetical  ratios,  that 
if  any  number,  as  e,  be  added  to  the  numbers  a  and  6,  the  difference  is  still  the  same. 
Thus,  d  being  the  difference  between  a  and  6,  that  number  d  will  also  be  the  difference 
between  a  +  e  and  6  +  c,  and  between  a^c  and  6— c.  Thus,  the  difference  between  20 and  8 
being  1 2,  such  difference  wiU  remain  the  same  whatever  numbers  we  add  to  20  and  1 2,  and 
whatever  numbers  we  subbract  from  them ;  for  if  a— 6  «=</,  we  must  have  (a  +  cW(6  +  c^^d, 
as  also  (a— e)— (6— c)=:dL  So,  if  the  numbers  be  doubled,  the  difference  will  be  double, 
and,  generally,  na—»6Bn<i^  whatever  be  the  value  of  a. 

▲arrHMnicAL  pbopoktiok. 

732.  When  two  arithmetical  ratios  or  relations  are  equal,  the  equality  is  called  an 
arithmetical  proportion.  Thus,  if  a — 6  *=sp  —  q,  the  difference  between/)  and  q  being  the  same 
as  that  between  a  and  6,  these  four  numbers  are  said  to  fi>rm  an  arithmetical  proportion, 
which  is  thus  written,  a—b  » p — q.  An  arithmetical  proportion,  then,  consists  of  four  terms, 
which  are  such  that,  subtracting  the  second  term  from  the  first,  the  remainder  is  the  same  as 
when  we  subtract  the  fourth  fit>m  the  third;    thus  the  numbers  24,  9,  23,  8,  form  an 
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arithmetieal  proportioii,  becauae  24— 9^93^8,  which  by  some  is  written  24.  9:: 23.  8. 
In  any  arithmetical  proportion,  as  a  —  bs^p—q,  the  second  and  third  quantities  may  change 
places  without  changing  the  equality  ;  for  as  a'~b=p—q,  add  b  to  both  sides,  and  we  have 
as^b+p—q;  and  now  subtracting  p  from  both  sides,  we  have  a— &»p— 9.  In  numbers, 
as  24^9=23^8,  so  24— 2S»9— 8.  In  an  arithmetical  proportion,  the  second  term  may 
take  the  place  of  the  first,  if  the  fourth  be  made  to  take  the  place  of  the  third ;  thus, 
if  a— 6=j»— gr,  we  have  6— asg— p.  For  b— a  is  the  n^^tive  of  a— 6,  and  9— jd  is  the 
negative  of/)— 9.  But  the  great  property  of  every  arithmetical  proportion  is  this,  that  the 
sum  of  the  second  and  third  terms  is  always  equal  to  the  sum  of  the  first  and  fourth;  a 
property  which  deserves  particular  consideration,  and  is  expressed  by  saying  that  the  sum 
of  the  means  (middle  terms)  is  equal  to  the  sum  of  the  extremea  (extreme  terms).  Thus, 
since  24— 9»=23— 8,  we  have  9  +  2S>=24  +  8,  both  being  32.  The  dooaonstration  of  this 
is  as  follows :  Let  a— 6»/>— 9,  add  to  both  b  +  q,  and  we  have  a  +  q>^b+p,  that  is,  the  sum 
of  the  first  and  fourth  is  equal  to  the  sum  of  the  second  and  third ;  and  inversely,  if  four 
numbers,  a,  6,  p,  9,  be  such  that  the  sum  of  the  second  and  third  is  equal  to  that  of  the  first 
and  fourth,  that  is,  if  6+pBa  +  9,  we  may  be  sure  that  those  numbers  are  in  arithmetical 
proportion,  and  that  a— bsp— 9;  for  if  a  +  9»6+p,  subtracting  from  both  sides  b  +  q,  we 
obtain  a— frsp— 9.  Thus  the  numbers  24,  12,  27,  15,  being  such  that  the  sum  of  the 
means  (12  + 27=39)  is  equal  to  the  sum  of  the  extremes  (24+ 15  »  39),  we  are  certain  that 
they  form  an  arithmetical  proportion,  and  consequently  that  24— 12 » 27  — 15. 

733.  By  this  property,  the  following  question  is  resolved :  —  The  three  first  terms  of  an 
arithmetical  proportion  being  given,  to  find  the  fourth,  let  a,  6,  p  be  the  three  first  terms, 
and  let  the  fourtii,  which  is  that  sought,  be  represented  by  9.  T1i«i  a  +  qssb+p;  by  sub- 
tracting a  ftixm  both  sides  we  have  oad+p- a.  Hence  it  appears  that  the  fourth  term  is 
found  by  adding  together  the  second  and  third,  and  from  their  sum  subtracting  the  first. 
Tlius,  suppose  the  three  first  terms  are  24,  12,  27,  the  sum  of  the  second  and  third  is 
as  39,  from  which  subtract  24,  the  first*  and  we  have  15  for  the  fourth  term  sought  When 
in  an  arithmetical  proportion  the  second  term  is  equal  to  the  third,  we  have  only  three 
numbers,  whose  property  is  this,  that  the  first  minus  the  second  is  equal  to  the  second 
nunus  the  third,  or  that  the  differences  between  the  first  and  second  and  between  the 
second  and  third  are  equaL  Of  this  kind  are  the  numbers  23,  18,  13,  since23— 18:^18-3. 
Three  such  numbers,  as  23,  18,  13,  are  said  to  form  a  continued  arithmetical  proportion, 
called  an  arUkmetietd  progreuion,  particularly  when  a  great  number  of  such  terms  follow 
each  other  according  to  the  same  law.  An  arithmetical  progression  may  be  either  ineretuing 
or  decreasing  ;  that  is  to  say,  the  former  when  the  terms  go  on  increasing,  as  5,  9,  13, 
and  the  latter  when  they  go  on  diminishing,  as  12,  9,  6. 

7  34.  Let  us  suppose  the  numbers  a,  6,  c  to  be  in  arithmetical  progression ;  then  a— frsA— c; 
hence  from  the  equality  between  the  sum  of  the  extremes  and  that  of  the  means,  2b»*a  +  c, 
if  we  subtract  a  from  both,  we  have  ess 26— a :  hoice,  when  the  two  first  terms  a  6  of  an 
arithmetical  progression  are  given,  the  third  is  found  by  taking  the  first  from  twice  the 
second.  Thus  let  2  and  5  be  the  two  first  terms  of  an  arithmetical  progression,  the  third 
will  be  2  X  5  — 2sr8 ;  and  the  three  numbers  2,  5,  8  give  the  proportion  2— 5as5— 8.  This 
method  enables  us  to  obtain,  to  any  extent,  an  arithmetical  progression  ;  for  we  have  only  to 
find  the  fourth  by  means  of  the  second  and  third  in  the  same  way  as  the  third  was  deter- 
mined by  means  of  the  first  and  second,  and  so  on.  Let  a  be  the  fiirst  term  and  b  the 
second,  the  third  will  be  «r2&— a,  the  fourth  46— 2a— &» 36— 2a,  the  fifth  will  be 
66— 4a— 26  + a »46— 3a,  the  sixth  »86— 6a- 36  + 2a»56— 4a,  &c. 

AamntETicAL  fboorkssiok. 

735.  Having  in  the  preceding  subsection  seen  the  nature  of  arithmetical  progression,  we 
may  perceive  that  the  natural  numbers  written  in  their  order  (as  1 ,  2, 3, 4, 5, 6, 7, 8, 9, 1 0,  &c. ) 
form  an  increaring  arithmetical  progression,  because  they  increase  constantly  by  unity  ;  and 
the  series  23,  21,  19,  17,  15,  IS,  11,  9,  7,  5,  3,  1  is  also  such  a  progression  wherein  the 
numbers  constantly  decrease  by  2.  The  number  or  quantity  by  which  an  arithmetical  pro- 
gresrion  increases  or  decreases  is  called  the  difference.  Hence,  if  the  first  term  and  differ- 
ence be  given,  we  may  continue  it  to  any  extent.  For  instance,  let  the  first  term  =3,  and 
the  difierenoe  »4,  we  shall  have  the  following  increasing  progression,  3,  7,  11,  15,  19,  23, 
27,  31,  35,  &c.,  wherein  each  succeeding  term  is  found  by  adding  the  difference  to  the  pre- 
ceding one.  It  is  usual  to  write  the  natural  numbers  1,  2,  3,  4,  &c  above  the  term  of  such 
an  arithmetical  progression,  in  order  that  we  may  perceive  the  rank  held  by  any  term  in  the 
progression.  The  numbers  so  written  above  the  terms  are  called  the  indices,  as  in  the  fol- 
lowmg  example :  — 

Indices  -         -         -123456789     10   11 

Arithmetical  progression  3,  7,  11,  15,  19,  23,  27,  31,  35,  39,  43,  &o. ; 

in  which  we  see  43  is  the  eleventh  term. 
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73&  Let  a  be  the  lint  term,  and  d  the  differenoe,  the  foUowing  will  be  the  order  of 

it:  — 

1      S  3  4  5  6  7 

a,a  +  <^a-l*8e{,a  +  Sd;a  +  4d;a  +  5<^  a  +  €d,Sto. 

Whence  it  b  evident,  that  any  term  of  the  progression  may  be  found  without  the  neoeasity 
of  finding  the  intermediate  ones  merely  by  the  first  term,  and  the  diflerenoe  d;  for  example, 
the  twelfth  term,  wma+lld,  the  thousandth  term,  ■*a  +  999<^  and  generally  the  last  term 
Bsa  +  (n'-l)di  hence  it  is  only  necessary  to  multiply  the  difference  by  the  number  of 
terms  minus  one,  and  to  the  product  to  add  the  first  term.  Hius,  suppose  an  arithmetical 
progression  of  a  hundred  terms  whose  first  term  is  as6,  and  the  difference  =5,  thai  the  last 
term  will  be  —99  x  5  +  6^501. 

737.  Knowing  the  first  term  a,  and  the  last  s,  the  number  of  terms  n,  we  can  find  the 
difference  d.  For  since  the  last  term  z—a-f  (ii—l)d;  if  we  subtract  a  from  both  ddea, 
we  obtain  z~a«B(ii— l)d  Then,  by  subtracting  the  first  term  from  the  last,  we  have  the 
product  of  the  difference  multiplied  by  the  number  of  terms  minus  1.     And  dividing  s— a 

by  n—  1,  the  required  value  of  the  difference  will  be  »^5l  *  ^^^""^  which  results  the  follow- 

ing  rule :  subtract  the  first  term  frt>m  the  last,  divide  the  remainder  by  the  number  of  terms 
minus  1,  and  the  quotient  will  be  the  difference^  by  which  the  vdiole  progression  may  be 
written^— 

Example.  —  Let  the  first  term  mS,  the  last  26,  to  find  the  difiexenoe, 

^fj—y  the  quotient  ■■3  will  be  equal  to  the  difference,  and  the  progresnon  will 

be  as  under :  — 

1SS4     5    6      789 
2,5,8,11,  14,17,20,23,26. 

738.  Another  example Let  the  first  term  ■■2},  the  last  b  12^  the  number  of  termsB>7 ; 

then  the  difference  will  be 

'7^£v^'°^~tt-lii*  «>d  ^e  progresnon  will  be 

12     3      4    5      6      7 
2i.4A.51|,7A,9j,10H,12|. 

739.  If  the  first  term  a,  the  last  term  z,  and  the  difference  d  be  given,  we  may  from 
these  find  the  number  of  terms  n.     For,  inasmuch  as  z— asB(ii—  1  )d^  if  we  divide  the  two 

sides  by  d,  we  have  ^^—n— 1,  and  n  being  greater  by  1  than  »— 1,  we  have  »sb^^  • 

the  number  of  terms  is  therefore  found  by  dividing  the  difi*erence  between  the  first  and  last 

terms,  or  z —a  by  the  difference  of  the  progression,  and  adding  unity  to  the  quotient  -^. 

740.  Thus,  for  example,  let  the  first  term  »  4,  the  last  » 100,  and  the  difference  ■»  1 2 ;  the 
number  of  terms  will  be     ^j"*+ 1  a9,  and  these  nine  terms  will  be 

1234567      8      9 
4,  16,  28,  40,  52,  64,  76,  88,  lOa 

Another  example. — Let  the  first  term  i-  3^,  the  last  i-  7],  and  the  difference  b  1 } ;  the  number 
of  terms  wUl  be    \^     +1  -4>  «rbich  are  3^  4],  6f  7§. 

741 .  It  must,  however,  be  remarked,  that  the  number  of  terms  being  necessarily  an  in- 
teger, if  such  a  number  had  not  been  obtained  for  n  in  the  foregoing  examples,  the  ques- 
tions would  have  been  absurd ;  and  if  an  integer  number  be  not  obtained  for  the  value 

*-^,  the  question  cannot  be  resolved ;  hence,  in  order  that  such  questions  may  be  possible, 

x—a  must  be  divisible  by  d. 

742.  It  may  now  be  concluded,  then,  that  there  are  always  four  quantities  for  considera- 
tion in  an  arithmetical  progression.  1.  The  first  term,  a.  2.  The  last  term,  z.  3.  Hie 
difference,  d,  4.  The  number  of  terms,  n ;  and  the  relations  of  these  to  each  other  are 
such,  that,  if  we  know  three  of  them,  the  fourth  may  be  found.  For,  1 .  If  a,  d^  and  n  are 
known,  we  have  ZBsa  +  (M— l)dl     2.  If  z,  d^  and  a  are  known,  we  have  a>sz—(»— l)dL 

3.  If  a,  z,  and  n  are  known,  we  have  dsB^^.      4.  If  a,  z,  and  d  are  known,  we  have 

SUmCATIOK   OF   AUTXnfKTICAL   PSOOaKSSIONS. 

743.  To  find  the  form  of  an  arithmetical  progression  by  adding  all  the  terms  together 
would  be  troublesome  when  the  number  of  terms  is  very  great ;  a  rule  has  therefore  been 
found  by  which  the  operation  is  much  shortened.     Let  us  first  consider  a  particular  given 
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progreasimi,  whose  fini  tenn  ^S,  differenoe  ^S,  the  last  tenn  a89»  and  the  number  of 

123456     7     8     910 
%  5,  8,  11,  14»  17,  20,  23,  26,  29. 

744.  InthisprogreasioDtthesumof  the  first  andlast  term  ^31,  the  sum  of  the  second  and 
last  but  one  aSl,  and  so  on ;  from  which  we  conclude  that  the  sum  of  any  two  terms  equally 
distant,  the  one  from  the  first,  the  other  firom  the  last  term,  b  always  equal  to  that  of  the 
first  and  last  It  will  not  be  diflBcult  to  discover  the  cause  of  this;  for,  suppose  the  first 
aa,  the  last  »2,  and  thediflerence  ^d,  the  sum  of  the  first  and  last  is  ^a  +  z,  and  the 
aeeond  term  bong  aa  -f  d,  and  the  last  but  one  t^Z'-d ;  the  sum  of  these  two  terms  is  also 
ssa  +  z.  Again,  the  third  term  being  a  +  2^  and  the  last  term  but  two  mzz^MSd,  it  is  evi- 
dent that  the  sum  of  these  two  terms  also  ms^es  a  +  x.  From  this,  the  demonstration  for 
the  rest  is  obvious.  Now,  if  we  write  the  progression  term  by  term  twice  over,  but  in  one 
line,  invert  the  order  of  the  terms,  and  add  the  corresponding  terms  together,  we  shall  have 
as  follows: ^ 

2+    5+   8  +  11+14  +  17  +  20  +  23  +  26  +  29 
29  +  26  +  23  +  20+17  +  14  +  11+   8+   5+   2 

31+31  +  31+31+31+31+31+31+31  +  31 

A  series  of  equal  terms,  evidently  equal  to  twice  the  sum  of  the  given  progresnon,  whose 
number  of  terms  being  10,  the  sum  here  exhibited  will  be  ^10  x  31  sb310.  Hence,  as  this 
is  twiee  the  sum  of  the  arithmetical  progression,  the  sum  required  must  be  155. 

745.  Tireating  in  the  same  manner  any  arithmetical  progression  whose  first  term  ao, 
last  term  ^z^  and  number  of  terms  «»,  and  writing  as  above  shown,  the  progression 
direct  and  inverted,  the  one  under  the  other,  and  adding  term  to  term,  we  have  a 
series  or  u  terms  each  ^a  +  z^  whose  sum  will  consequently  be  »ii(a  +  «),  which  will  be 

twiee  the  sum  of  the  proposed  arithmetical  progression,  and  therefiire  ^a^—^.      From 

which  flows  a  ample  rule  for  finding  the  sum  of  an  arithmetical  progresnon.  Multiply  the 
sum  of  the  first  and  last  terms,  and  half  the  product  will  be  the  sum  of  the  whole  pro- 
gresnon. We  will  illustrate  this  rule  by  an  ezampl&  Let  it  be  required  to  find  the  sum 
of  the  progression  of  the  natural  numbers,  1,  2,  3,  &c  to  lOO.      This,  by  the  rule,  will  be 

^}S0^^SOxl0l^SO5O. 

746.  Let  it  be  required  to  find  the  sum  of  an  arithmetical  progresnon  whose  first  term 
is  s5,  the  difference  sb3,  and  the  number  of  terms  »32 :  we  must  begin  by  using  the 
rules    in    subsections    735.    ei  teg,,    by    which    we    determine    the   last    term    to    be 

>-5  +  31  x3a98,  after  which  the  sum  is  immediately  seen    to  be  »— ^i-10Sxl6 

» 1648.  Generally,  to  find  the  sum  of  the  whole  progression,  let  the  first  term  be  ^o,  the 
difference  ^d,  and  Ihe  number  of  terms  t^n.  Now,  as  by  the  preceding  subsection  the  last 
term  must  be  aa  +  (ii— l)<2,thesum  of  the  first  and  lastwillbe2a  +  (i»— l)€l;  multiplying 
this  sum  by  the  number  <k  terms  n,  we  have  2na  +  »(ii— 1  )<f ;  the  sum  required,  therefore, 

will  be  aafKi  +  ^^^^-^,  and  this  fimnula,  applied  to  the  preceding  example,  gives  1648, 

as  before. 

747.  Suppose  it  required  to  add  together  all  the  natural  numbers  from  1  to  n,  we  have 
for  resohdng  the  question  the  first  term  b>1,  the  last  term  »«,  and  the  number  of  terms 

Bta,  the  sum  required  is  ^—^a:*^*^  \  Let  n  be  a-1766,  then  the  sum  of  all  the  num- 
bers from  1  to  1766»883x  176781560261. 

748.  If  a  progression  of  uneven  numbers  be  proposed,  1 ,  3,  5,  7,  &c.  continued  to  n 
terms,  and  the  sum  be  required.  We  have  the  first  term  ssl,  the  difference  =2,  the 
number  of  terms  ^n;  the  last  term  will  therefore  be  si  +(ii— 1)2=2m— 1,  and,  conse- 
quently, the  sum  »nn.  Hence,  whatever  number  of  terms  of  this  progression  are  added 
together,  the  sum  will  always  be  a  square,  namely,  the  square  oi£  the  number  of  terms,  as  a 
view  of  the  following  table  will  render  manifiest :  — 

Indices         -         -123456      789    10,  &c. 
Progression  .  1     3    5     7     9    11    13  15  17     19.  &c. 

Sum  -         -         -  1>    4,   9,  16,  25,  36,  49,  64,  81,  100,  &c. 

Hie  sobjoined  table  exhibits  formulae  for  differences  up  to  10:  ^ 

If<f»l  the  ram  will  be  -»  +  ^^-t^ 

<f-2  -  «  +  ^^U 


rf^4  -  =«  +  *5^== 


^9nn—n 
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Ifi/«5  the  sum  will  be  «ii  +  ^5i!^  «*?tz*! 
rf=6  -  «»  +  §-(!^„3^3, 

GBOMBTUCAL   KATIO. 

749.  We  have  before  observed  that  the  ffeometrical  ratio  of  two  numbers  is  found  by  an- 
swering the  question  how  many  timea  is  one  of  those  numbers  greater  than  the  other,  the 
quotient  being  the  ratio  required.     Three  things  here  present  themselves  for  consideration. 
Firstly,  the  first  of  the  two  given  numbers,  which  is  called  the  anteeedemt ;  secondly,  the 
other  number,  which  is  called  the  contequerU  ;  thirdly,  the  ratio  of  the  two  numbers,  or 
quotient  arising  from  the  divitton  of  the  antecedent  by  Uie  consequent    Thus,  if  the  relation 
of  the  numbers  18  and  12  be  sought,  18  being  the  antecedent,  and  12  the  consequent,  the 
ratio  wiU  be  H^  I X,  whence  we  see  the  antecedent  contains  the  consequent  once  and  a  ha]£ 
Geometrical  relations  are  generally  represented  by  a  point  placed  above  another  between 
the  antecedent  and  the  consequent.     Thus  a  :  b  signifies  the  geometrical  relation  of  these 
two  numbers,  or  the  ratio  of  6  to  a.    The  sign  just  m^itioned  has,  in  a  previous  page,  been 
given  as  indicating  division,  and  it  is  on  that  account  here  used,  because,  in  order  to  know 
the  ratio,  we  divide  a  by  b.     The  relation  is  merelv  read  a  is  to  fr.     On  this  account  rela- 
tion is  expressed  by  a  fraction  whose  numerator  is  the  antecedent  and  denominator  the 
consequent     It  is  hardly  necessary  to  say  that  this  fraction  should,  for  penq>icuity  sake, 
appear  in  its  lowest  terms.     Thus  ^  if  both  terms  be  divided  by  6,  becomes  }. 
.    750l  Hence  relations  differ  as  tiieir  ratios  are  different ;   and  there  are,  of  course,  as 
many  kinds  of  geometrical  relations  as  we  can  ima^ne  different  ratios.     The  first  kind  is 
that  wherein  the  ratio  becomes  unity,  which,  of  course,  happens  when  the  two  numbers  are 
equal,  as  in  S  :  9,  4  :  4  ;  a  :  a,  and  because  the  ratio  here  is  1 ,  it  is  called  the  relation  of 
equality.     The  relation  then  follows  in  which  the  ratio  is  another  whole  number ;  in  4  :  2 
the  ratio  is  2,  and  is  called  a  dotMe  ratio ;  in  1 2  :  4,  the  ratio  being  3,  it  is  called  a  triple 
ratio ;  in  24  :  6  the  ratio  is  4,  and  is  called  a  quadruple  ratio.     It  is  necessary,  also,  to 
notice  those  relations  whose  ratios  are  expressed  by  fractions,  as  12  :  9,  where  the  ratio  is 
|,  or  1| ;  18  :  27,  where  the  ratio  is  |,  &c.     Those  relations,  as  6  :  12,  5  :  15,  &c,  wherdn 
the  consequent  contains  exactly  twice,  thrice,  &c.  the  antecedent,  are  sometimes  called 
9ubdupkf  tubtripiUj  &o.  ratios.     The  term  raHoHal  is  applied  to  ratios  that  are  expressible 
numbers,  the  antecedent  and  consequent  being  integers,  as  11  :  7,  8  :  15,  &o. ;  and  that 
of  irrationalf  or  surd,  is  applied  to  ratios  neither  expressible  by  integers  nor  by  fractions, 
as  V^5  :  8,   4  :  V3, 

751.  If  a  be  the  antecedent,  b  the  consequent,  and  d  the  ratio,  <f»|.  Were  the  con- 
sequent 6  given  with  the  ratio,  we  should  find  a^bd,  for  bd  divided  by  6  gives  d 
Finally,  when  the  antecedent  a  is  given,  and  the  ratio  d  the  consequent,  6«-^  >  ^*  dividing 

the  antecedent  a  by  the  consequent  (or  its  equivalent)  ^,  we  obtain  the  quotient  d,  that  is, 

the  ratio.  In  whatever  way  we  multiply  or  divide  the  consequent  and  antecedent  by  the 
same  number,  every  relation  a  l  b  remains  the  same,  because  the  ratio  ia  the  same.     Let  d 

be  the  ratio  of  a  :  b,  we  have  then  <2b|  :  now  the  relation  na  :  nft  is  still  j  =<^  and  likewise 

-  :  -  is  still  r^d.  So,  also,  when  a  ratio  has  been  reduced  to  its  lowest  terms,  the  relation 
fi      n  o 

is  easily  perceived  and  enunciated  ;   for,  let  the  ratio  -y  be  reduced  to  its  lowest  terms  ^i 

we  say,  a  :  b^sp  I  qt  a  :  blip  :  q,  which  is  read  a  iBto6as/)istO|7.  Thus  the  ratio  of 
the  relation  6  :  3  being  f  or  2,  we  say,  6  :  3  =  2  :  1.     So,  18  :  12=3  :  2,  and  2418  : 

s4  :  3,  &c.  But  if  the  ratio  be  not  susceptible  of  abridgment,  the  relation  does  not 
become  more  evident,  and  we  do  not  simplify  a  relation  by  saying  9:7^9:7.  We  may, 
however,  change  the  relation  of  two  large  numbers  into  one  more  rimple  and  evident 
by  reducing  both  to  their  lowest  terms,  for  we  may  say,  14484  :  7242  s  2  :  1,  or  15819 

:  10546  » 3  :  2,  or  57600  :  25200 » 16  :  7.  All  relations,  therefore,  should  be  reduced 
to  the  lowest  possible  numbers,  which  is  readily  done  by  dividing  the  two  terms  of  the 
relation  by  their  greatest  common  divisor.  Thus,  to  reduce  the  relation  57600  :  J25200  to 
that  of  16  :  7,  we  have  only  to  perform  the  single  operation  of  dividing  the  numbers  576 
and  252  by  their  greatest  common  divisor,  36.  The  method  of  finding  a  common  divisor 
of  two  given  numbers  will  be  given  in  the  following  subsection. 
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GRXATBST   COMMON    DXTISOft. 

75S.  Hiere  are  many  numbers  whose  only  common  di^iaor  u  unity,  and  where  the  nu- 
merator and  denominator  belong  to  this  class,  the  fraction  cannot  be  reduced  to  a  more 
comrenient  form.  Such  is  the  case  with  the  numbers  46  and  35 ;  hence^  as  the  diyision  of 
48  :  35  can  only  be  divided  by  I ,  their  relation  cannot  be  more  simply  expressed.  But  if 
two  numbers  have  a  common  divisor,  the  greatest  they  have  is  found  by  the  following  rule. 
Divide  the  greater  by  the  lesser  number,  and  divide  the  preceding  divisor  by  the  re- 
mainder ;  the  remainder  resulting  from  the  last  division  again  becomes  the  divisor  for  a 
third  diviuon  wherein  the  preceding  divisor  is  to  be  the  dividend.  This  operation  being 
rqieated  till  we  arrive  at  a  division  to  which  no  remainder  is  left,  the  last  divisor  will  be 
found  to  be  the  greatest  common  measure  or  divisor  of  the  two  given  numbers.  Now,  let 
us  apply  this  to  the  two  numbers  504  and  31 2,  whereof  we  require  the  greatest  common 
divisor. 

312)504(1 
313 

198)318(1 
198 

120)192(1 
120 

~72)120(I 
72 

5)72(1 
48 

24)48(2 
48 


Here  we  perceive  that  the  last  divisor  is  24,  and  dividing  504  and  31 2  by  it,  wo  find  that 
the  relation  504  :  312  is  reduced  to  the  form  21  :  IS. 

Let  the  relatian  456  :  721  be  given  to  find  the  greatest  common  divisor. 

456)721(1 
456 

SN55)456(1 
265 

191)265(1 
191 

"74)191(2 
148 

"41)74(1 
43 

37)43(1 
81 

12)31(2 
24 

"7)12(1 

7 

"5)7(1 
5 

2)5(2 

4 

1)2(2 
8 
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In  this  case  1  is  the  greatest  common  divisor,  and  we  cannot  express  the  relation  721  :  456 
by  less  numbers,  nor  reduce  it  to  less  terms,  than  those  in  which  it  appears. 

753.  To  demonstrate  this  rule,  let  a  be  the  greater  and  b  the  less  of  the  given  numbers, 
and  let  <2  be  one  of  their  common  divisors ;  it  is  evident  that  a  and  b  being  divisible  by  d, 
we  may  also  divide  the  quantities  a— &,a  —  2fr,a--3fr,  and,  in  seneral,  a—nbfhyd.  Equally 
true  must  be  the  converse,  that  is  to  say,  if  the  numbers  b  ana  a—itb  are  divisible  by  d,  the 
number  a  will  be  also  divisible  by  d.  Farther,  if  </  be  the  greatest  common  divisor  of  two 
numbers  b  and  a—'fib,  it  will  also  be  the  greatest  common  divisor  of  the  two  numbers  a 
and  b:  for  if  a  greater  common  divisor  than  d  could  be  found  for  the  numbers  a  and  6,  it 
would  also  be  a  common  divisor  of  b  and  a— n^  and  consequently  d  would  not  be  the 

Seatest  common  divisor  of  these  two  numbers.  But  we  have  supposed  d  the  greatest 
visor  common  to  b  and  a  —  nb,  wherefore  it  must  also  be  the  greatest  common  divisor  of 
a  and  b.  With  tliese  considerations  before  us,  let  us,  according  to  the  rule,  divide  the 
greater  number  a  by  the  lesser  6,  and  let  us  suppose  the  quotient  « n ;  the  remainder  will 
be  a—nb,  which  must  be  less  than  b.  This  remainder  a—nb  having  the  same  greatest 
common  divisor  with  b  as  the  numbers  a  and  6,  it  is  only  necessary  to  repeat  the  division, 
dividing  the  preceding  divisor  b  by  the  remainder  a—nb;  and  the  new  remainder  which  is 
obtained  will  still  have  with  the  preceding  divisor  the  same  greatest  common  divisor,  and 
so  on.  Proceeding  in  this  wav  till  we  arrive  at  a  diviuon  without  a  remainder,  that  is,  in 
which  the  remainder  is  nothing,  let  p  be  the  last  divisor  contidned  exactly  a  certain 
number  of  times  in  its  dividend,  which  wiU  therefore  be  divisible  by  p,  and  will  have  the 
form  mp ;  so  that  the  numbers  p  and  mp  are  both  divisible  by  />,  and  as  no  number  can  be 
divided  by  a  number  greater  than  itself,  it  is  clear  that  they  have  no  greater  common 
divisor.  Therefore  the  last  divisor  is  the  greatest  common  divisor  of  the  given  numbers 
a  and  b,  and  the  rule  laid  down  is  thus  demonstrated. 


GEOMETRICAL   rROPOKTIOK 

754.  When  their  ratios  are  equal,  geometrical  relations  are  equal,  such  equality  of  re- 
lations being  called  a  geometrical  proportion :  thus  we  write  a  I  b :s e  l  d,  or  a  ',  b'.ic  l  d, 
thereby  indicating  that  the  relation  a  :  6  is  equal  to  the  relation  e  :  d,  which  is  expressed 
in  language  aisto6asctodL  Such  a  proportion  is4:  Isl2:  3,  for  the  relation  of  4  :  I 
is  ^  and  this  also  is  the  relation  of  12:3.  Thus,  a  :  &ssc  :  d  being  a  geometrical  propor- 
tion, the  ratio  is  the  same  on  both  sides,  and  f  »*^;  and,  reciprocally,  if  the  fiactions 
^   and  2  are  equal,  we  have  a  l  b  i:  c  i  d.     Hence,  a  geometrical  proportion  eaoaaBta  of 

four  terms,  such  that  the  first  divided  by  the  second  gives  the  same  quotient  as  the  third 
divided  by  the  fourth ;  and  hence,  also,  is  deduced  an  important  property  common  to  all 
geometrical  proportion,  namely,  that  the  product  of  the  first  and  last  term  is  always  equal 
to  the  product  of  the  second  and  third,  or,  in  more  simple  language,  the  product  of  the  ex- 
tremes is  equal  to  the  product  of  the  means. 

755.  To  demonstrate  this  last  named  property,  let  us  take  the  geometrical  proportion 

a  :  bs^e  :  d,  so  that  |  e^.     Multiplyuig  both  these  fractions  by  6,  we  obtain  a^^;  and 

again  multiplying  botii  sides  by  d,  we  have  od « 6e.  Now,  ad  is  the  product  of  the  ex- 
tremes,  be  that  of  the  means,  and  these  two  products  are  found  to  be  equal.  Reciprocally, 
when  OybfCfd  are  such  numbers  that  the  product  of  the  extremes  a  and  d  are  equal  to 
the  product  of  the  means  b  and  e,  we  may  be  certain  that  they  form  a  geometrical  pro- 
portion.    For,  since  ad=bct  we  have  only  to  divide  both  sides  by  bd,  which   gives   us 

J^=B^  or  J  « J,  and  therefore  a  ;  6«c  :  d, 

756.  The  transposition  of  the  four  terms  of  a  geometrical  proportion,  as  a  l  e=b  l  dadoes 
not  destroy  the  proportion,  for  the  rule  being  that  the  product  of  the  extremes  is  equal  to 
the  product  of  the  means,  or  ad:=>bc,  we  may  also  say,  1st,  b  I  aasd  :  c;  2d,  a  :  cafr  :  d; 
3d,  d  :  b^e  :  a ;  4th,  d  I  e^b  :  a.  Besides  these,  some  others  may  be  deduced  from  the 
same  proportions  a  :  b^c  :  d;  thus  we  may  say  a  +  b  I  at^ie  +  d :  c,  that  is,  the  first  term 
added  to  the  second  is  to  the  first  as  the  third  added  to  the  fourth  is  to  the  third.  So,  also, 
a—b  :  assc—d  ;  c.  For,  taking  the  product  of  the  extremes,  we  have  ac—bcssae—adf 
which  leads  to  the  equality  ad's=be. 

757.  All  the  proportions  deduced  from  a\bwBC  \  d  may  be  generally  represented  as 
follows :  — 

ma-¥nh  \  pa-^-qb^xme-^nd  \  pe  +  qd; 

For  the  product  of  the  extremes  is  mpae ■{■  npbc  +  mqeui  +  n^^  which,  because  ad^be^  be- 
comes mpae^rnpbe-\-iMj/be-{-n4]^.     Farther,  the  product  of  the  means   is  mpa£  +  mf6c  + 
npad-k-n^l    or,  as  ad^be^  it  is  mpac-^nu]^-^npbe-^nqbd\  so  that  the  two  products  are 
equal     It  Lb  therefore  evident  that  from  any  geometrical  proportion  an  infinite  number  of 
others  may  be  deduced :  take,  for  example,  9  I  3b>  18  :  6,  and  we  may  have 
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S:  9s6:  18;     9:  18^3:  6;  12  :  9^24:  18; 
3  :  S»6  :  6;     12  :  24»3  :  6;  12  :  d«24  :  6; 
beiddes  many  others. 

758.  Since  in  every  geometrical  proportion  the  products  of  the  extremes  and  of  the  means 
are  equal,  we  may,  when  the  three  first  tenons  are  known,  find  the  fourth  firom  them.  Thus, 
suppose  the  three  first  terms  to  be  9  :  S««  18  :  the  quantity  sought  Now  the  product  of 
the  means  is  3  x  18,  or  54 ;  the  fourth  term  must  therefore  be  1,  which  multiplied  into  the 
fixat  will  produce  that  number ;  ii^  then,  the  product  54  of  the  means  be  divided  by  the 
first  term  9,  we  shall  have  6  for  the  fourth  term,  and  the  whole  proportion  will  stand 

9  :  Sssl8  :  6.     In  general,  therefore,  if  the  three  first  terms  are  a  :  fr=c  : we 

put  d  for  the  unknown  fourth  letter;  and  since  ad=bc,  we  divide  both  sides  by  a,  and 

be  be 

have  cf=-^;  so  that  the  fourth  term  ■>— ,  or  is  found  by  multiplying  the  second  and 

third  terms  and  dividing  the  product  by  Uie  first  term.  This  is  the  foundation  of  the  cele- 
brated B.ULX  or  Tuaxx  in  arithmetic,  wherein  three  numbers  are  given  to  find  a  fourth 
in  geometrical  proportion,  so  that  the  first  may  be  to  the  second  as  the  third  is  to  the 
fourth.     And  here  we  must  note  some  peculiar  circumstances  which  follow. 

759.  If  in  two  proportions  the  first  and  third  terms  are  the  same,  as  in  a  :  b'»e  I  d,  and 
a  I  /ssc  :  g,  then  the  two  second  and  the  two  fourth  terms  will  also  be  in  geometrical  pro- 
portion, and  b  l  d^f  \  g.  For  the  first  proportion  being  transformed  into  a  :  css6  :  <f,  and 
the  second  into  a  :  e^f  :  ^,  the  relations  b  :  d  and/ :  g  must  be  equal,  since  each  of  them 
is  equal  to  the  relation  a',  e.  In  numbers,  if  5  :  25^:3  :  15,  and  5  :  40=3  :  24,  we  must 
have  25  :  40»  15  :  24.  But  if  the  two  proportions  be  such  that  the  means  of  both  are  the 
same,  then  the  first  terms  will  be  in  an  inverse  proportion  to  the  fourth  terms.  Thus,  if 
a  :  b^e  :  dy  and/  :  6»e  :  g^  thena  '.f—g  '.  d.  In  numbers,  for  example,  24  :  88^9  :  3,  and 
6  :  8a9  :  12,  we  have  24  :  6=»12  :  3.  And  the  reason  is  evident,  for  the  first  proportion 
gives  ad=hc \  the  second y^^ste;  therefore  od^fg,  and  a  \  f=^g  \  dy  ox  a  '.  g\\f  \  d. 

760.  If  two  proportions  are  given,  a  new  one  may  always  be  produced  by  separately 
multiplying  the  first  term  of  the  one  by  the  first  term  of  the  other,  the  second  by  the  se- 
cond, and  so  on  with  respect  to  the  other  terms.  Thus,  a  \  b=c  :  d  and  e  lf=g  I  A  will 
furnish  ae  I  hf=*eg  I  dh.  For  the  first  gives  ad=sbc,  and  the  second  eh=fg,  we  have  also 
adeh=bcfy.  But  adeh  is  the  product  of  the  extremes,  and  bcfg  is  the  product  of  the  means, 
in  the  new  proportion.  So  tiiat  the  two  products  are  equal,  and  the  proportion  is  true. 
Let  them,  for  example,  be  8  :  2»20  :  5  and  6  :  9»14  :  21  ;  the  combination  will  be 
6x8  :  2x9=*20xl4:5x21,  or  48  :  18»280  :  105. 

761.  Lastly,  if  two  products  are  equal,  cuf =&c,  the  equality  may  be  converted  into 
geometrical  proportion,  for  we  shall  always  have  one  of  the  fiu^tors  of  the  first  product  in 
the  same  proportion  to  one  of  the  factors  of  the  second  product,  as  the  other  factor  of  the 
second  product  is  to  the  other  factor  of  the  first  product ;  that  is,  in  the  present  case, 
a  :  e»&  :  d^  or  a  :  b^^e  :  d.  In  numbers,  3  x  8  »4  x  6 ;  and  this  proportion  may  be  formed 
8  :  4»6  :  3,or  3  :  4«6  :  8. 

762.  We  do  not  think  it  necessary  to  pursue  the  subject  here  by  examples  of  the  use  of 
proportion,  without  which  the  occurrences  of  common  life  could  scarcely  be  carried  on.  Its 
basis  is  here  explained,  and  the  application  must  be  obvious  to  the  readers  of  this  work. 

COMPOUKn   tiXUiTIOKS. 

763.  If  we  multiply  the  terms  of  two  or  more  relations,  antecedents  by  antecedents, 
and  consequents  by  consequents,  compound  relationa  are  obtuned ;  that  is,  the  relation  be- 
tween the  two  products  is  compounded  of  the  relations  given.  Thus  the  relations  a  :  6, 
eld,  tlfi  give  the  compound  relation  ace  \  bdf.  Each  of  these  three  ratios  is  said  to  be 
one  of  Uie  rooU  of  the  compound  ratio. 

764.  As  a  relation  continues  the  same  if  both  its  terms  are  divided  by  the  same  number, 
in  order  to  abridge  it,  we  may  greatly  fiusilitate  the  above  composition  by  observing  whether 
among  the  first  terms  some  are  not  found  having  common  divisors  with  some  of  the 
second  terms :  fin*  if  so,  those  terms  are  destroyed,  and  the  quotient  arising  from  the  divi- 
sion by  that  oommon  divisor  substituted,  of  which  the  following  is  an  example.  Let  the 
rdatioDS  given  be  12  :  25,  28  :  33,  and  55  :  56. 

2         :        5 

Wbenee  we  see  that  2  :  5  is  the  compound  relation  required. 

765.  The  same  operation  is  performed  if  we  are  calculating  by  letters ;  and  a  remarkable 
case  occurs,  whoi  each  antecedent  is  equal  to  the  consequent  in  the  preceding  relation : 

thus,  if.the  given  relations  are 

T  2 
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a:  ^ 
b  :  e, 

<<:«^ 

The  compound  relation  is  1  :  I . 

766.  We  may  perceire  the  utility  of  these  principles  by  applying  them,  for  instance,  to 
the  relation  between  two  rectangular  fields,  which  is  compounded  of  the  relations  of  the 
lengths  and  breadths.  Let  one  of  them,  A,  be  500  ft.  long  and  60  ft.  wide,  and  the  other, 
B,  be  360  ft.  long  and  60  ft.  broad ;  then  the  relation  of  the  lengths  is  500  :  360 ;  that  of 
the  breadths  60  :  100.     Thus  we  have 

5,^  :'^,6 

5  i  6 

Whence  the  field  A  is  to  the  field  B  as  5  to  6. 

767.  So,  again,  if  we  wish  to  compare  two  rooms  with  respect  to  their  space  or  ccmtents, 
we  are  to  recollect  that  here  the  relation  between  them  is  compounded  of  three  relation^ 
namely,  that  of  the  lengths,  that  of  the  breadths,  and  that  of  the  heights.  Let  the  room 
A  be  36  ft.  long,  16  ft.  broad,  and  14  ft.  high  ;  and  the  room  B  be  42  ft.  long,  24  ft.  broad, 
and  10ft.  high  ;  we  have  the  relations  as  follow :  — 

A         B 

For  the  length  >^,  ^  :  "^  V 

For  the  breadth       2, >^1<  :^ "4^ 
For  the  height  2, 1^  :  >Q,  5 

~4         :        5 

So  that  the  capacity  of  the  room  A  is  to  that  of  the  room  B  as  4  to  5. 

768.  When  the  relations  thus  compounded  are  equal,  multiplicate  relations  result; 
namely,  two  equal  relations  give  a  dupliecUe  ratio  or  ratio  of  the  gquareM.  Three  equal  rela- 
tions produce  the  triplicate  ratio,  or  ratio  of  the  eubeSf  and  so  on.  Thus  the  relations  a :  6 
and  a  :  6  give  the  compound  relation  aa  ',  lA;  whence  we  say  that  the  squares  are  in  the 
duplicate  ratio  of  the  roots ;  and  the  ratio  a  :  b  multiplied  thrice,  giving  the  ratio  a^  :  fr^, 
shows  that  the  cubes  are  in  the  triplicate  ratio  of  the  roots. 

769.  From  a  knowledge  of  Geometry,  we  learn  that  two  drcular  spaces  are  in  the 
duplicate  relation  of  their  diameters ;  which  means,  that  they  are  to  each  other  as  the 
squares  of  their  diameters.  Suppose  A  to  be  such  a  space,  having  a  diameter  ss45ft. ; 
B  another  circular  space,  whose  diameter  a  30 ;  then  the  first  space  will  be  to  the  second  as 
45  X  45  to  30  X  30,  or,  compounding  the  two  equal  relations, 

S,>^,^:5Q,^,  2 
8,\?,4^:>K),t>.2 

9         :  4 

Whence  we  see  the  two  areas  are  as  9  to  4. 

770.  Again,  it  is  known  that  the  solid  contents  of  spheres  are  in  the  ratio  of  the 
cubes  of  the  (tiameters.  Thus,  the  diameter  of  a  globe.  A,  being  1  ft.,  and  the  diameter  of 
another  globe,  B,  being  2  ft. ;  the  solid  contents  of  A  will  be  to  those  of  B  as  1 9  :  2',  or  as 
1  to  8.  If,  therefore,  the  spheres  are  composed  of  similar  substances,  the  sphere  B  will 
weigh  8  times  as  much  as  the  sphere  A. 

771 .  The  ratio  of  two  fractions  j  :  |  niay  always  be  expressed  in  integer  numbers,  since 

we  have  only  to  multiply  the  two  fractions  by  M  to  obtain  the  ratio  ad  l  6e,  which  is  equal 
to  the  other ;  and  if  ad  and  6c  have  common  divisqrs,  the  ratio  may  be  reduced  to  less 
terms.     For  instance,  ^  :  |i«15  x  36  :  24  x  25»9  :  10. 

772.  Suppose  we  sought  the  ratio  of  the  fractions  -  and  ji  it  is  evident  we  should  have 

-  :  I  b6  :  a,  which  is  expressed  by  saying  that  two  fractions  which  have  unity  fiir  their  de- 
nominator are  in  the  reciprocal  or  mverse  ratio  of  their  denominators.  So  when  any  two 
fractions  have  a  common  enumerator,  for  -  :  -^^b  l  a.  When,  however,  two  fractions  have 
their  denominators  equal,  as  -  :  -,  they  are  in  the  direct  ratio  of  their  numerators,  that  is, 
as  a  :  fr.    Thus,  |  :  ^-j^  :  ^»6  :  3«2  :  1  and  y  :  y»10  :  15  or  2  .*  S. 

773.  It  is  upon  the  principles  here  laid  down  that  we  are  enabled  to  resolve  questions  in 
what  is  called  in  books  of  arithmetic,  thb  auuE  or  nvs,  as,  for  example,  in  the  follow- 
ing question  :  —  If  25  pence  per  day  be  given  to  a  labourer,  and  it  is  required  to  know 
what  must  be  given  to  24  labourers  who  have  worked  50  days,  we  state  it  thus ;  — 
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1  :     84 
1 :     50 

maaons. 
days. 

I  : laoo: 

85 

=85  (pence)  :  .  .  .  . 

18)80000 

80)2500 

jei25 
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GEOMXTKICAL   TaOORKSSIOK. 

774.  When  the  numbers  of  a  series  increase  or  decrease  by  becoming  a  certain  number  of 
times  greater  or  less,  the  series  is  called  a  geonutriceU  proffressian,  because  each  term  is  to  the 
foUo^ring  one  in  the  same  geometrical  ratio.     The  number  expressing  how  many  times 
each  term  is  greater  than  the  preceding  is  called  the  exponent :  thus,  if  the  first  term  » 1 
and  the  exponent  ss8,  the  geometrical  progression  becomes, 

Terms  18345      6     7      8       9&c 

Progression  1,  8,  4,  8,  16,  38,  64,  188,  856,  &c. 

In  which  the  numbers  1,  8,  3,  &c.  mark  the  place  which  each  term  holds  in  the  progres- 
sion. Generally,  if  the  first  term  aa  and  the  exponent  ss6^  we  haye  the  following  geome- 
trical progression  — 

Terms  18345678  n 

Progression  a,  ab,  o^',  ab^,  ab*,  aJb/^,  ab\  abf  .  .  .  a6"~\ 

Thus,  when  the  progression  proceeds  to  n  terms,  the  last  term  is  ssaft**~^  If  the  ex- 
poDcnt  b  be  greater  than  unity,  the  terms  continue  to  increase;  if  the  exponent  6  =  1,  the 
terms  are  all  equal ;  and,  lastly,  if  the  exponent  b  be  less  than  I,  or  a  fraction,  the  terms 
eontimiaUy  decrease.  So  if  a»  1  and  b^^,  we  haye  the  geometrical  progression  ly  i>  \f  It  -f^ 
dt  ip  lfa>  ^^»  wherein  we  have  iar  consideration, 

FiKST  —  The  first  term,  which  has  been  called  a. 

Skcomb — The  exponent,  which  has  been  called  6. 

Tman— The  number  of  terms  a 

Fourth — The  last  term,  which  has  been  found  aofr"—!. 

Henee,  if  any  three  of  these  be  givoi,  the  last  term  may  be  found  by  multiplying  the  n  —  1 

power  <^  &,  or  6"~~^  by  the  first  term  a. 

775.  I^  therefore,  in  the  geometrical  progression  1,8,  4,  8,  &c.  the  fiftieth  term  be  re- 
quired, we  have  ae>l,  6  as  8,  and  n=s50t  consequently  the  fiftieth  term  is  »8*9.  Now 
S9»518,  and  8 to » 1084.  Wherefore  the  square  of  2^=1048576,  and  the  square  of  this 
immbcr  or  1099511687776=8^;  and  multiplying  this  value  of  8'*o  by  8^  or  518,  we  have 
2^»568949953481318. 

776.  One  of  the  most  usual  questions  which  occur  relative  to  geometrical  progression 
ia  to  find  the  sum  of  the  terms,  the  mode  of  doing  which  we  shall  now  explain.  Let  the 
fi^Uowing  progression  of  ten  terms  be  given :  — 

1,  8,  4,  8,  16,  32,  64,  188,  256,  512. 
We  will  represent  the  sum  by  «,  that  is,s  =  l+2  +  4  +  8  +  16  +  d2+64  +  128  +  256  +  51 2. 
Double  both  sides  and  we  have  2«»8  +  4  +  8  +  16  +  32  +  64+128  +  256  +  512+1084.    Sub- 
traeting  from  this  the  progression  represented  by  s  we  have  <  » 1 084  —  Is  1083 ;  wherefore 
the  sum  required  is  1083. 

777.  Suppose  in  the  same  progression  the  number  of  terms  is  undetermined  and  sn,  so 

that  the  sum  in  question  or  f=l+S  +  S«  +  8S  +  8*.  ..  .  8"~*.  If  we  multiply  by  8  we 
have  2t«s8  +  8«+83  +  84  ....  2*,  and  subtracting  the  preceding  from  the  last  equation 
we  have  #s8*~^.  Hence  we  see  that  the  sum  required  is  found  by  multiplying  the  last 
term  Sf^^  by  the  exponent  8  in  order  to  have  8*,  and  subtracting  unity  fi^m  that  product. 

778.  Suppose,  generally,  the  first  term  »a,  the  exponent  »&,  the  number  of  terms  «», 
and  their  sum  e*#,  so  that 

«s»a  +  afc  +  a6«  + 053  +  06-*+  ....  ai»— *, 
Multiply  by  (,  axid  we  have 

b9^ab  +  ab^  +  ab^  +  ab*-{-ab^+  ....  ab^, 
and  snbtneting  the  first  equation,  the  remainder  is  (6— l)«3sa(*— a,  whence  is  easily 
dtfdwffed  the  sum  required,  sa-^^l^p.  Whence  it  follows  that  the  sum  of  any  geome- 
trical progression  may  be  found  by  multiplying  the  last  term  by  the  exponent  of  the  pro- 
grearioo,  subtracting  the  first  term  from  the  product  and  divi<ung  the  remainder  by  the 
exponent  auinct  unity* 
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779.  Let  there  be  a  geometrical  progression  of  seven  terms,  whereof  the  first  sS  and 
the  exponent  »2.  Then  a^S,  br»2,  and  n^7.  The  first  term  will  b3  x  S*,  or  S  x64 
i«  1 92,  and  the  progression  will  be 

3,6,12,24,48,96,192. 

Multiplying  the  last  term  192  by  the  exponent  2  we  have  384 ;  subtracting  the  first  term 
the  remainder  is  381 ;  and  divi(Ung  this  by  6  —  1  or  by  1,  we  have  381  for  the  sum  of  the 
whole  progression. 

780.  When  the  exponent  is  less  than  1,  and  the  terms  of  the  progression  consequently 
diminish,  the  sum  of  such  a  decreasing  progression,  which  would  go  on  to  infinity,  may 
nevertheless  be  accurately  expressed.  Thus,  let  the  first  term  ssl,  the  exponent  ^  and  the 
sum  bs,  so  that 

.-i  +  l+4+|  +  i+A+A,&c. 

Multiply  by  52;  and  we  have 

2«a2+l  +  )  +  l  +  l  +  A  +  ^  &c.  adinjbdium; 

subtracting  the  preceding  progression  the  remainder  is  «» 2  for  the  sum  of  the  proposed 
infinite  progression.  In  general,  suppose  the  first  term  »a  and  the  exponent  of  the  pro- 
gression »-  (a  firaction  less  than  1),  and  consequently  e  is  greater  than  6,  the  sum  of  the 
progression  will  be  found  thus : 

multiplying  by  ~  we  shall  have 

b        ab  .  alfl  .  alfl  .  at* 


-# 


c 


c  +  c«"  +  c»  ■*■  c*  ^ »  ***•  '^  *'"'^*"''*~' 


subtracting,  the  remainder  is(l~-)<»a.     Hence  i »  {^i .     Multiplying  both  terms  of  the 


c 
ae 


fraction  by  e  we  have  s^—^.     The  sum,  tlierefore,  of  the  progression  is  found  by  dividing 

the  first  term  a  by  1  minus  the  exponent,  or  by  multiplying  a  by  the  denominator  of  the 
exponent,  and  dividing  the  product  by  the  same  doiominator,  diminished  by  the  numerator 
of  the  exponent. 

781.  So  are  found  the  sums  of  progressions  whose  terms  are  alternately  affected  by  the 

signs  +  and  — .     For  example : 

_     ab  ,  ai^     <i6*  ,  ab*        •  ^ 

Multiplying  by  -  we  have 

b       ab     ab»^alfl     ab*    a^ 

Adding  to  this  equation  that  preceding  we  obtain  (l-t--)«ssa.  Whence  the  sum  required  is 

a  =  TTf,  or  s» -^^.    Thus,  if  the  first  term  ac«},  and  the  exponent  :=] ;  that  is  to  say,  bts2 

and  c*^5t  we  shall  have  for  the  sum  of  the  progression  i  +  A  +  -^  +  jy^  +  ,  &c.al  :  for  by 
subtracting  the  exponent  firom  1  there  remains  ) ;  and  by  duvidmg  uid  dividing  the  first 
term  by  that  remainder  the  quotient  is  1.. 

782.  Suppose  the  terms  were  alternately  positive  and  negative,  thus  — 

the  sum  wiU  be 

--i-i. 

In  the  infinite  progression, 

re  ■*■  Tw  ■*"  Tw  "**  TBow  "*"  "reww*  **• 
the  first  term  is  A,  and  the  exponent  •^.  Subtract  this  last  from  1,  and  the  remainder 
ia-f^  If  we  divine  the  first  term  by  this  inaction  the  quotient  is  |  for  the  sum  of  the  pro- 
gression ;  so  that  by  taking  only  one  term  of  the  progression,  namely,  ^  the  error  is 
only  ^  But  taking  two  terms,  ^  +  1^0=-%*  ^^^  would  still  be  1^  wanting  to  make  the 
sum  —  }. 

We  shall  conclude  with  another  example  in  the  infinite  progression :  — 

Here  the  first  term  is  9  and  the  exponent  -^  Then  1  minus  the  exponent  bs^  and 
^  a  10^  the  sum  required.    This  series  is  thus  expressed  by  a  decimal  firaction  9'9999999,  &c 
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nrFIVXTB   DECIMAL   FRACTIONS. 

78S.  It  has  already  been  seen  that  decimal  fractions  are  used  in  logarithmic  calculations, 
in  which  vulgar  fractions  would  be  useless  and  cumbersome.  In  other  calculations  they 
are  of  such  importance  that  we  shall  here  dwell  upon  them,  and  show  how  to  transform  a 
Tulgar  fraction  into  a  decimal,  and  the  converse. 

784.  Generally  let  it  be  required  to  change  the  fraction  j  into  a  decimal  fraction.  Now, 

as  this  fraction  expresses  no  more  than  the  quotient  of  a  divided  by  6,  instead  of  a  let  us 
write  a-OOOOOOO,  whose  value  does  not  at  all  differ  from  a,  since  it  contains  neither  tenth 
nor  hundredth  parts.  Let  us  divide  this  by  b  by  the  common  rules  of  division,  taking  care 
to  put  in  the  proper  place  the  point  which  separates  the  decimals  and  the  integers,  and  the 
operation  is  performed.  Let  the  fraction,  for  example,  be  equivalent  to  ^i  the  division  in 
decimals  will  then  stand  thus :  — 

2)1-0000000^ 

o-56ddooo"«" 

From  this  it  appears  that  1 3=0*5000000  or  0*5;  which  is  sufficiently  manifest,  since 
this  decimal  fraction  represents  <^,  which  is  the  same  as  ^ 

785.  Let  the  given  fraction  be  },  and  we  have 

3)1-0000000 
0*3SS33S8~*' 

786.  From  this  it  is  seen  that  the  decimal  fiturtion  equivalent  to  J  cannot  be  discontinued, 
but  that  the  niunber  3  is  repeated  ad  it^fmUvm,  Indeed,  it  has  been  already  seen,  in  the 
preceding  article,  that  the  fractions -jd  +  ijg  + -,^1,0  + 1^  added  together  make  j^  In  the 
same  way,  the  decimal  fraction  which  expresses  the  value  of  ]  is  0'S666666,  evidently  the 
double  of  \. 

787.  Suppose  ^  to  be  the  proposed  fraction,  we  have 

4)1-0000000 
0-2500000"*' 

so  that  {^0*2500000  or  0-25.     The  proof  whereof  is  that  ^+ ^c^^..). 

788.  In  the  same  way  for  the  fraction  |,  we  have 

4)3<XXXXX)0^ 
O-75O000O*'" 

Thus  we  see  f-O-75,  that  is,  ji  +  ^=flj,«|. 

789.  The  fraction  |  is  changed  mto  a  decimal  fraction  by  making 

4)5-0000000^ 
1-2500000'*'' 

fbrl+A»t> 

790.  So  I  win  be  found  «0-2,  {=»0*4,  |=0-6,  |«0-8,  |^^=  1,  ]»1  -2,  &c.   In  the  occurrence 

of  the  denominator  7,  the  decimal  fractions  become  a  little  more  complicated ;  thus  we  have 
i_0-l  428571 42857,  &c.,  in  which  the  six  figures  are  continually  repeated.  By  transform- 
ing this  d^"^l  fraction  into  a  geometrical  progression,  we  may  see  that  it  precisely  expresses 
the  value  \,  the  first  term  of  this  progression  --HSih  and  the  exponent  ^-reafaw-     Hence 


tbe  sum  -»-^^^— ^^UHtSSl  (multiplying  both  terms  by  1 0000000) =f     There  is,  how- 

ever,  a  simpler  modeof  proving  that  this  decimal  fraction  is  exactly  j,  by  substituting  for  its 
value  the  letter  i,  as  under :  — 

t  »  0-142857142857,  &c. 

lOf  »  1  -428571428571,  &c. 

100«  »  14-285714285714,  &c. 

1000s  »        142-857142857142,  &c. 

10000s  »       1428-571428571428,  &c. 

100000s  =    14285-714285714285,  &c. 

lOOOOOOf  »  142857-142857142857,  &c. 

Subtract  f  0-1 42857 1 42857,  &c 

999999s  »  142857 

Now,  avidmg  by  999999,  we  shall  have  »=UaB-t;  hence  »«i.       .... 

791.  The  same  will  be  seen  by  trial  upon  other  fractions  whose  denominator  is  7,  the 
dedmid  fraction  being  infinite  and  six  figures  continually  repeated.  The  reason  is,  that  in 
eoDtinuing  the  division,  we  must  return  to  a  remainder  which  has  ahready  been  had ;  and  m 
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that  diTinon  only  6  diiferent  numben  can  form  the  remainder,  namely,  1, 52,  S,  4,  5,  6 ;  ao 
that  after  the  idiith  dirision  the  same  figures  must  return. 

792.  With  the  denominator  8  we  have  the  following  decimal  fraction :  )s«o*lS5,  |aiO*S5, 
i«0'375,  }bO*5,  1^^0-625,  |«0*75  I»i0'875,  &c  With  9  for  the  denominator,  we  have 
IsO*lllll,  &c.;  |»0'222S2,  &c.;  )»0-33SS3,  &o.  With  10  for  the  denominator,  we 
have  |(|«>0'1,  ^rsO'2,  ^i«0*S,  which,  indeed,  is  manifest  from  the  nature  of  the  thing ;  aa 
also  that  ^  must  be  0-01,  and^»0S7;  that  ^«  0-472,  and  that  ^»0-0015.  If 
the  denommator  be  1 1,  then  •/(»  0*0909090,  &c.  Suppose  we  denied  to  know  the  value  of 
this  decimal  fraction,  call  it  «,  then 

t  -s  0O909090,  &C. 

lOf  ->  0-9090909,  &c 

100*  ->  9-0909090,  &C. 

Subtract  s,  and  we  have  99  «»9 ;  consequently  i B^ssa :  so  with  ^,  &c. 

793.  There  are  many  of  these  decimal  fractions  which  are  called  reewrta^,  sometimea 
with  two,  and  at  other  times  with  more,  figures.  Their  values  may  be  found  without 
difliculty.  Thus  in  the  case  of  a  single  figure  constantly  repeated,  let  it  be  represented 
by  a,  so  that  i  o^O-aaaaaaa,  we  have 

lOf  oi  a'aaaaaaa 
subtracting      «  «  O'aaaaaaa 

we  have    9«  i*  a,  so  that  *  »  g* 

794.  In  the  case  of  two  figures,  as  ab,  we  shall  find  »  »^.  In  the  ease  of  three  figures, 
as  abe,  we  shall  have  »  »^,  and  so  on. 

795.  So  that  if  a  decimal  fraction  occurs,  it  is  easy  to  find  its  value ;  for  instance,  of 
0*296296,  the  value  will  be  ^»^,  which  firaction,  it  may  easily  be  proved,  will  give  again 
the  decimal  fraction  requireo/ 

796.  We  shall  close  this  section  with  a  curious  example  of  changing  into  a  decimal 

fraction  the  vulgar  fraction  iV8V3x4x»x6xVx8x9xl0**^^^P^"^**°^^^'^°^"*'^*^^*^^' — 

2)1-00000000000000 
3)  0  -50000000000000 
4)0l6€66666666e66 
5)004166666666666 
6)0  00633333333333 
7)0-00138888888888 
8)0-00019841269841 
9)0-00002480158730 
10)0-00000275573192 
0-00000027557319. 

CALCULATION   OF  ZMTKaXST. 

797.  Interest,  or  the  value  of  the  use  of  money,  is  usually  expressed  per  emt,  or  after 
the  rate  per  hundred  on  the  principal  lent  Thus,  if  we  put  out  500  pounds  sterling  at 
5  per  cent.,  it  signifies  that  for  every  hundred  pounds  the  lender  is  to  receive  five  pounds 
per  annum  during  the  continuance  of  the  loan.  The  solution  of  this  question,  which  is 
one  merely  of  «tn^  intereti,  is  so  obvious,  that  it  is  unnecessary  frirther  to  detain  the  reader 
upon  it ;  and  we  therefore  pass  on  to  eon^pound  imterutt  or  interest  upon  interest,  which 
arises  from  the  principal  and  interest  taken  together,  as  it  becomes  due  at  the  end  of  each 
stated  time  o£  payment 

798.  In  the  resolution  of  this  question,  we  are  to  consider  that  lOOL  at  the  end  of  a  year 
becomes  105il     Let  a  »  principal.     Its  amount  at  the  end  of  the  year  is  found  by  saying, 

if  100  gives  105,  what  will  a  give;  and  we  answer  \^«3^>  which  may  be  also  expressed 
l^xo,  or  a-k-^^xa. 

799.  Thus,  by  adding  its  twentieth  part  to  the  original  principal,  we  have  the  principal 
at  the  Old  of  the  first  year  ;  adding  to  this  last  its  twentieth,  we  know  the -amount  of  the 
given  piincipal  in  two  years,  and  so  on.  Hence  the  annual  increases  to  the  principal  may 
be  easily  computed.  Suppose,  for  instance,  the  principal  of  lOOOL  Expressing  the  valuea 
in  decimal  fractions,  it  will  be  worth  — 
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After  1  year 

- 

- 

-if  1050 
52-5 

One 

year* 

B  interest  on  £IOSO. 

After  2  yean 

-     1102-5 
55-125 

—                   1102-5 

After  3  years 

-     1157-625 
57-881 

—                   1157-625 

After  4  yean 

-     1215-506 
60-775 

-^                   1215-506 

After  5  yean    -        -        -     1276-281  &c 

Tlie  method  abov^e  exhibited  would,  however,  in  calculations  for  a  number  of  years,  become 
▼cry  Utborious,  and  it  may  be  abridged  in  the  following  manner. 

800.  Let  the  present  principal  msa ;  now,  since  a  principal  of  20L  will  amount  to  21il  at 
the  end  of  a  year,  the  principal  a  will  amount  to  U  x  a  at  the  end  of  that  time.     At  the  end 

of  the  following  year  the  same  principal  will  amount  to^  x  a  »  (]J)ft  x  a.     This  principal 

Off  two  yean  will,  the  year  after,  amount  to  (^y  x  cr,  which  will  therefore  be  the  principal 
of  three  yean ;  increasing  in  this  manner,  at  the  end  of  four  yean  the  principal  becomes 
(}()'*  X  a.  After  a  century  it  will  amount  to  (y)'^  x  a,  and  in  eeneral  (g)"  x  a  is  the 
amount  of  the  principal  after  n  yean ;  a  formula  serving  to  determme  the  amount  of  prin- 
cipal after  any  number  of  years. 

801.  The  interest  of  5  per  cent,  which  has  been  taken  in  the  above  calculation,  de- 
termined the  fraction  ||.  Had  the  interest  been  reckoned  at  6  per  cent,  the  principal  a 
wouldat  theendofayear  be  (^)xa;  at  the  end  of  two  yean  to  (|g)^xa;  and  at  the  end 

of  u  yean  to  (fS)  *  x  a.     Again,  if  the  interest  be  at  4  per  cent  the  principal  a  will,  after  « 

years,  be  (^)  **  x  a.     Now  all  these  formulae  are  easily  resolved  by  logarithms ;   for  if, 

according  to  the  first  supposition,  the  question  be  (J))  "  x  a,  this  will  be  L.(}jy*  +  L.a,  and 

ss  (U)  *  is  a  power,  we  have  L.(|^)  "saL.  g :  so  that  the  logarithm  of  the  principal  re- 
quired is  B  »  X  L.K  +  L.a,  and  the  logarithm  of  the  fraction  f^s  L.  21  —  L.20. 

802.  We  shall  now  consider  what  the  principal  of  lOOOiL  will  amount  to  at  compound 
interest  of  5  per  cent,  at  the  end  of  100  years.  Here  a  =  100.  Hence  the  logarithm  of 
the  principal  required  will  be  sl00L.|{  +  L.  1000,  calculated  as  under :  — 

L.21  a 1-3222193 
Subtracting  L.20»l  3010300 

L.tt«0-021189S 
Multiply  by  100 

100  L.]^-.  2-1 189300 
Add  L.1000»3-0000000 


5-11 89300  «»  Logarithm  of  the  principal 
required ;  from  the  characteristic  whereof  the  principal  must  be  a  number  of  six  figures, 
and  by  the  tables  it  will  appear  to  be  131,501iL  In  the  case  of  a  principal  of  3452L  at 
6  per  cent,  for  sixty-four  years,  we  have  as  3452  and  ne64.  Principal  at  the  end  of  the 
fint  year  therefore  s^sU.  Hence  the  logarithm  of  the  principal  sought  oi  64  x  L.g  + 
L.3452,  which  will  be  found  to  amount  to  143,763iL 

803.  When  the  number  of  yean  is  very  great,  erron  of  considerable  magnitude  may 
arise  from  the  logarithms  not  being  sufficientiy  extended  in  the  decimal  places ;  but  as  our 
object  here  is  only  to  show  the  principle  on  which  these  calculations  are  founded,  we  do 
not  think  it  necessary  further  to  pursue  that  subject. 

804.  There  is  another  case  which  now  requires  our  consideration ;  it  is  that  of  not  only 
adding  the  interest  annually  to  the  principal,  but  mcreasing  it  every  year  by  a  new  sum 
sab.     The  original  principal  a  would  then  increase  in  the  following  manner :  — 

After  1  year,  ^  +  b 

After  2  years,  (U)^  +  g6  +  6 

After  3  years,  (|i)3a  +  (|J)«6  +  ^  +  b 

After  4  years,  (U)*a  +  (|J)36  +  (li)«6  +  |J6  +  5 

After  a  years,  (8)''«  +  (a)*-'6+(ar-'&  + fi6  +  ft 

Thb  principal  evidentiy  consists  of  two  parts,  whereof  the  first  s(|})"a,  and  the  other, 

taken  inversely,  forms  the  series  b  +  ^  +  ({))  %  +  (^yb  + (]))»-  ^6.     This  last  series  is 

evidently  a  geometrical  progression,  whose  exponent  s  g.    Its  sum,  therefore,  will  be  found 

by  first  niultiplying  the  kst  term  (U)"''^6  by  the  exponent  }^  which  gives  ()i)''6.     Sub. 

tract  the  first  term  fr,  and  we  have  the  remainder  (ff}^b^bi  and  lastiy,  dividing  by  the  ex- 
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ponent  minus  1,  that  is,  by  ^  we  have  the  sum  required,  «bSO(}()**& —906.  Wherefore  the 
principal  sought  is  (ii)"a  +  SO(ii)'*fr-906«(i^)"  x  (a+  20b)-S06. 

805.  To  resolve  this  formula  we  must  separately  calculate,  its  first  term(K)'^  x  (a  +  206), 
which  is  II  Lh  D  -f  L.(a  -t-  206),  for  the  number  which  answers  to  this  logarithm  in  the  tables 
will  be  the  first  term,  and  if  from  this  we  subtract  906  we  have  the  principal  sought. 

806.  Suppose  a  principal  of  lOOOl.  placed  out  at  5  p6r  ceitt  compound  interest^  and  to  it 
there  be  annually  added  100^  besides  its  compound  interest,  and  it  be  required  to  know  to 
what  it  will  amount  at  the  end  of  25  years.  Here  a » 1000,  6kb100^  us 25;  and  the 
operation  is  as  follows :  —    .  . 

L.U«0-021189299 

Multiply  by  25  we  have  25L.|J  =  0-5297324750 

L.(a  +  206)«3-47712l3135 

-«4<X>685d7885 
Tlie  first  part  or  number  which  answers  to  this  Ic^arithm  is  10159*1/. ;  from  which  if  we 
subtract  206 « 2000  we  find  the  principal  in  question  to  be  after  25  years  8159*1/. 

807.  If  it  be  required  to  know  in  how  many  years  a  principal  of  1000/.  under  the  above 
conditions  would  amount  to  1 ,000,000/. ;  let  u  be  the  number  of  years  required,  and  since 

aBlOOO,6»100,  the  principal  at  the  end  of  a  years  will  be  (]})"( 3000)  — 2000,  which  sum 
must  make  1,000,000/. ;  whence  results  this  equation :  — 

3000  (|1)"-2000«1000000 

Adding  to  both  sides  2000  we  have  3000  (U)  "» 1002000 
Dividing  both  sides  by  3000  we  have  (}() »  334 

Using  logarithms  we  have  aL.  jJ»L.334,  and  dividing  by  L.y,  we  obtun  as  ^^^.     Now 

L. 334  » 2-5237465  and  L.  f) s0O21 1 893,  wherefore  n »  ^o|ffg^^.    I^  lastly,  the  two  terms 

of  this  fraction  be  multiplied  by  10000000,  we  shall  have  n  s  ~2^^'  equal  to  one  hun- 
dred and  nineteen  years  one  month  and  seven  days,  which  is  the  time  wherein  the  prin- 
cipal of  10002.  will  be  increased  to  1,000,000/1  In  the  case  of  an  annual  decrease  in- 
stead of  increase  of  the  capital  by  a  certan  sum,  we  shall  have  the  foUowing  gradations  as 
the  values  of  a,  year  after  year,  the  interest  being  at  5  per  cent,  and,  representing  by  6  the 
sum  annually  abstracted  ftom  the  principal. 

After  1  year  it  would  be  ^a  ~6 

After  2  years         —         (|i)^a -|i& -6 

After  3  years        —        (»)  fl-(|4)*A-|J6-fc 

After  n  years        —        (a)»fl-(|J)*"^ft -(«)*-** -(»)*- 6. 

This  principal  evidently  consists  of  two  parts,  one  whereof  is  (tt)^a,  and  the  other  to  be  sub- 
tracted therefrom,  taking  the  terms  inversely,  forms  a  geometrical  progression,  as  foUows  :  — 

ft  +  (lJ)&  +  (tt)**  +  (»)^+ («)"•''& 

The  sum  of  this  progression  has  already  been  found»20({))"6— 206;  iC  therefore,  this 
be  subtracted  from  C)^)*^*  we  have  the  principal  required  after  n  years  ^(U)*(a^20b)  +  206. 

806.  For  a  less  period  than  a  year,  the  exponent  n  becomes  a  fraction ;  tor  example,  1  day 
Bgjj,  2  days  =  ,(3,  and  so  on.  It  often  happens  that  we  wish  to  know  the  present  ^ue  of 
a  sum  of  money  payable  at  the  end  of  a  number  of  years.  Thus,  as  20  pounds  in  ready 
money  amount  in  a  twelvemonth  to  21  pounds,  so,  reciprocally,  21  pounds  payable  at  the 
end  of  a  year  can  be  worth  only  20  pounds.  Therefore,  if  a  be  a  sum  payable  at  the  end 
of  a  year,  the  present  value  of  it  is  ffo.  Hence,  to  find  the  present  value  of  a  principal  a 
at  the  end  of  a  year,  we  must  multiply  by  {9 ;  to  find  its  present  value  at  the  end  of  two 
years,  it  must  be  multiplied  by  (}f  )^ ;  and,  m  general,  its  value  n  years  before  the  time  o£ 
payment  will  be  expressed  by  (fff^cu 

809.  Thus,  suppose  a  rent  of  100/1  receivable  for  5  years,  reckoning  interest  at  5  per 
cent,  if  we  would  know  its  value  in  present  money,  we  have 

For  j^lOO  due  after  1  year,  the  present  value  is  £95-239 
after  2  years  —  90-704 

after  3  years  —  86*385 

after  4  years  —  82-272 

after  5  years  —  78-355 

Sum  of  the  five  terms    £4S2  -955 
So  that  in  present  money,  the  value  is  432/.  1 9«.  Idl 

810.  But  for  a  great  number  of  years  such  a  calculation  would  become  laborious.  It 
may  be  facilitated  as  follows  :•— Let  the  annual  rent  so,  conomencing  directly  and  con-. 
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tmuing  tt  years,  it  wUl  be  worth  «  +  (|f >»  +  (R)'a  +  (IJ)^a  +  (B)*a  .  .  .  .  +  (U)*<i,  which 
is  a  geometrical  progression  whose  sum  is  to  be  found.    We  have  therefore  only  to  multiply 

the  last  term  by  the  exponent,  the  product  whereof  is  (fO*'^^a,  then  subtract  tiie  first  term, 

and  the  remainder  is  (}()"'*'  a— a.     Lastly,  dividing  by  the  exponent  minus  1,  that  is,—^ 

or,  which  is  the  same,  multiplying  by  —21,  we  have  the  sum  requiredya  — 21({f)'*'^'a  +  21a, 

or  21a— Sl({f)^'^^a,  the  value  of  which  second  term  u  easily  calculated  by  logarithms. 

soLUtioK  or  raoBLXMS. 

811.  The  object  of  algebra,  as  well  as  of  mathematics  generally,  being  the  determination 
of  quantities  which  were  before  unknown,  this  is  obtained  by  an  attentive  consideration  of 
the  conditions  given,  which  are  always  expressed  in  known  numbers. 

81 2.  When  a  question  is  to  6e  resolved,  the  numbers  sought  are  usually  represented  by 
the  last  letters  of  the  alphabet,  and  the  object  is  then  to  find,  under  the  conditions,  an 
equality  between  two  quantities.  This  equality,  represented  by  a  formula,  is  called  an 
eqmmtion,  and  enables  us  to  determine  the  value  of  the  number  sought,  and  thence  to  resolve 
the  equation.  More  than  one  number  is  often  sought,  but  they  are  found  by  equations  in 
the  same  manner. 

813.  To  illustrate  this,  let  us  take  the  following  example :  —  Twenty  persons,  men  and 
women,  go  to  a  tavern.  The  men  spend  24  shillings,  and  the  women  as  much  ;  but  each 
man,  it  appears,  has  spent  1  shilling  more  than  each  woman.  What  was  the  number  of 
men  and  the  number  of  the  women  ? 

Let  the  number  of  the  men  «bx  ; 

That  of  the  women  then  will  be  a20— x. 

Now,  theae  x  men  having  spent  24  shillings,  each  man*s  share  must  be  —  shillings. 

Again,  the  SO— x  women  having  also  spent  24  shillings,  the  share  of  each  woman  is 

j^  shillings. 

But  we  know  that  each  woman's  share  is  1  shilling  less  than  that  of  each  man ;  i^ 
therefore,  we  subtract  1  from  each  man*s  share,  we  must  obtain  that  of  each  of  the 

women ;    consequently  —  —  1  a  •^-- . 

From  this  last  equation  we  have  to  find  the  value  of  x.  We  shall  hereafter  see  that 
xa>8,  which  value  will  correspond  to  the  equation,  for  V^^'H*  ii>cludes  the 
equality  8  b  2. 

814.  It  is  thus  seen  that  an  equation  consists  of  two  parts  separated  by  the  sign  of 
equality  »,  showing  that  the  two  quantities  are  equal  to  one  another.  It  is  often  neces- 
sary to  submit  them  to  a  great  number  of  transformations,  in  order  to  deduce  the  value  of 
the  unknown  quantity,  and  these  are  founded  on  the  following  principles :  — 

That  two  quantities  remain  equal,  whether  we  add  to  them  or  subtract  firom  them 

equal  quantities. 
That  the  same  obtains  whether  we  multiply  or  divide  them  by  the  same  number,  or 

extract  their  roots  of  the  same  d^ree. 
And  lastly,  if  we  take  the  logarithms  of  the  quantities,  as  in  the  preceding  section. 

815.  The  equations  most  easily  resolved  are  those  in  which  the  unknown  quantity  does 
not  exceed  the  first  power  after  the  terms  of  the  equation  have  been  properly  arranged. 
These  are  called  simplt  equaiionSf  or  qfthe^rtt  degree.  If  after  the  reduction  and  ordering 
of  an  equation,  the  second  power  of  an  unknown  quantity  is  still  found,  it  is  called  an 
eqmatiam  of  the  aeeond  degree,  and  u  more  difficult  to  resolve.  When  the  cube  of  the  un- 
known quantity  appears  in  an  equation,  it  is  called  one  of  the  third  degree,  and  so  on. 

0 

aSSOLUTIOV    OT   SDfPLB   SQUATIONS,    OR    OF  THX    PUST   DXGXXK. 

816.  When  the  number  sought,  or  unknown  quantity  represented  by  x,  is  such  that  one 
aide  only  contains  that  letter,  and  the  other  a  known  number,  as  x»>  12,  the  value  of  x  is 
already  found.  The  object  is  therefore  to  arrive  at  that  form,  however  complicated  the 
equation  may  be  when  first  formed. 

817.  To  begin  with  the  simplest  cases:  suppose  we  have  brought  an  equation  to  the 
form  x  +  9al6 ;  inspection  alone  here  shows  us  that  x=7  ;  and,  in  general,  if  we  find 
dr  -fa^ft,  where  a  and  h  express  known  numbers,  we  have  only  to  subtract  a  from  both  sides 
to  obtain  the  equation  at^h—a,  which  indicates  the  value  of  x. 

818.  If  the  equation  found  be  x— asa6,  by  adding  a  to  both  sides  we  obtain  the  value  of 

Xafr  +  O. 

819.  So,  if  the  equation  has  the  form  x^a^aa  + 1,  by  adding  we  have  x^aa  +  a  + 1. 
890.  In  the  equation  a— 8a»90— £a,  we  find  xa>90— 6a  +  8a,  or  xb20  -t-Sa.     And  in 

X -I- 6^  «B  SO  4- So,  we  have  X  a  20 -I- Sa  -  ^  or  X  «B  20  -  Sa. 
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821.  If  the  original  equation  has  the  fonn  «— a  -f  (esc,  we  may  begin  by  adding  a  to 
both  sides,  which  gives  x  +  ftwc-fa;  and  then  subtracting  (  from  both  mdes,  we  have 
xac  +  a— fr.  Or  we  might  add  -i-a— fr  to  both  sides,  by  which  we  immediately  obtain 
xhc  +  a — 6.     So  in  the  foUowing  examples :  — > 

If  X— 2a  +  36-aO,  we  have  x-a8a— 36. 

If  X— 3a  +  86»25  +  a  +  8fr,  we  have  x^25  +  4€l 

If  X— 9  +  6aBS5-(-Sa,  we  have  x«> 34— 4a. 
Whmi  the  equation  found  has  the  form  ox -aft,  it  is  only  necessary  to  divide  the  two  sides 

by  a,  and  we  have  *™^»     But  when  the  equation  has  the  form  ax  +  b—eB^d,  the  terms 

that  accompany  ax  must  be  made  to  vanish  by  adding  to  both  sides  — &  +  c,  and  then, 

dividing  the  new  equation  axa^d— fr  +  cbya,we  have  x at   "^      .     The  same  value  would 

have  been  found  by  subtracting  +b—e  from  the  given  equation,  for  we  should  have  had  in 

the  same  form  ax»d— 6  +  c  and  xa      ^\     Hence, 

If  2x  +  5«il7,  we  have  2x«b12  and  xs6. 

If  3x— 8»7,  we  have  Sx'mlS  and  xa>5. 

If  4x— 5  — da»15  +  9a,  we  have  4xi«90+18a,  consequently  xn 5  + Sa. 

When  the  equation  has  the  form  |  »&,  multiply  both  sides  by  a,  and  we  have  x»a6.    But 

if-  +6— CB(/y  we  first  make  -^d^h  +  e,  and  then  x»(J— 6  +  c)assa<f— a6  +  ac. 

Let)x-3»4;  thenix»(4  +  3)7  andx»I4. 

Let  ^— 1  +2a»3+a,  we  have  Jxi«4— a,  and  xalS— 3a. 

Let  ^^— l=a,  wehave  ~y«a+l,  and  xsasoa— 1. 
When  we  hnje  such  an  equation  as  ^^e,  multiply  first  by  h,  which  gives  ox  »£c,  and  then 
dividing  by  a,  we  have  "^-i-      If-s"--^="d^  the  equation  must  first  be  made  to  take  the 

form  ^a  J+ c ;  after  which,  multiplying  by  6,  we  have  tix—hd  +  be,  and  then  x*    ^    . 

Let  |x— 4»1,  we  have  }xs*5  and  Sxsl5  ;  whence  x^y,  or  7|. 
If  )x  +  |»5,  we  have  )'=5  — )»|;  whence  3x^18,  and  x»6. 
In  the  case  of  two  or  more  terms  containing  the  letter  x  either  on  one  or  both  sides  of  the 
equation,  the  process  is  as  foUows :  — 

832.  Fint,  If  they  are  on  the  same  side,  as  in  the  equation  x  +  {x  +  5b11,  we  have 
x  +  Jx— 6,  or  3x»12;  and,  lastly,  xa4. 

Let  x  +  |x  + 1x^44,  to  find  the  value  of  x.  Multiplying  by  3  we  have  4x-f  (x 
a  132.  Multiply  both  sides  by  2,  and  we  have  11x^264;  whence  xs24.  This 
might  have  been  effected  more  shortly  by  beginning  with  the  reduction  of  the  three 
terms  which  contain  x  to  the  single  term  ^x,  and  then  dividing  the  equation  ^xa 
44  by  11,  we  should  have  had  ^ai4,  whence  xa>24. 
Generally,  let  ax^bx+  cx^d.     It  is  the  same  as  (a— 6  +  e)x^d,  whence  ''■"^zi^+'c* 

823.  Second.  If  there  be  terms  containing  x  on  both  sides  of  the  equation,  they  must  be 
made  to  vanish  from  that  side  in  which  it  can  most  easily  be  done,  that  is  to  say,  in  which 
there  are  fewest  of  them ;  thus,  in  the  equation  3x+2bx  +  10,  x  must  be  first  subtracted 
from  both  sides,  which  gives  2x  +  2ailO ;  whence  2xs8,  and  xss4. 

Let  x  +  4«20.-x,  it  is  evident  that  2x  +  4^20,  and  thence  2xal6,  and  xta8. 

Let  x+  8a32— 3x,  we  have  4x  +  8ss32,  then  4x=24,  and  xa6. 

Let  15— xbs20— 2x,  we  have  then  15  +  x»20,  and  xa5. 

Let  I  +xa5— ^,  we  have  I  +)xa5,  and  }xbb4;  3xb8;  and,  lastly,  xb:|»2}. 

If  |— |xb}— ^,  we  must  add  }x,  which  gives  )»}  +  t^x;  subtracting  ^  there  will 
remain  -j^™},  and  multiplying  by  12,  we  have  xb2. 
If  an  equation  occurs  wherein  the  unknown  number  x  is  a  denominator,  we  must  make  the 
fraction  vanish  by  multiplying  the  whole  equation  by  that  denominator.     Hius  in  the 

equation  -^  —  8  » 1 2,  we  must  first  add  8,  and  we  have  >^  a  20 ;  then,  multiplying  by  x,  we 

have  lCX)»*20x,  and  dividing  by  20,  xb5, 

Let  ^^  «  7.     Multiplying  by  x—  I ,  we  have  5x  +  3  «  7x — 7. 

Subtracting  5x,  there  remains  3b2x— 7.     Adding  7,  we  have  2xs*10 ;  whence  x^^S. 

Radical  signs  are  not  unfrequently  found  in  equations  of  the  first  degree.  For  example,  a 
number  x  below  1 00  is  required  such  that  the  square  root  oflOO— xs!8,  or^/(100— x)«b8; 
the  square  of  both  sides  is  100— x«  64;  adding  x  we  have  I00e=64  +  x,  whence  we  have 
Xb100~64bS6. 

824.  The  unknown  number  x  is  sometimes  found  in  the  exponents ;  in  this  case,  recourse 
must  be  had  to  logarithms.  Thus  2^=512 ;  taking  the  logarithms  on  both  sides  we  have 
xL.2aL.512,  and  dividing  by  L.2,  we  find  xs^^.  We  shall  here  subjoin  a  few  ex- 
amples of  the  resolutions  of  simple  equations. 
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(1.)  Divide  7  into  two  nich  parts  that  the  greater  may  ezoeed  the  leas  by  3. 

Let  the  greater  part  sx. 

The  less  will  be  a?— x. 

So  that  xs*7— x  +  S,  or  xslO— x. 

Adding  x,  we  have  2x^10,  and  dividing  by  %  x^5» 

The  greater  part  is  5,  and  the  less  is  8. 
(2.)  Divide  the  number  1600  into  three  such  parts  that  the  neatest  shall  be  200  more  than 
the  second,  and  the  second  100  more  than  the  thircL 

Let  the  third  part  »x,  then  the  second  will  be  »x  + 100,  and  the  greatest  ^x  +  SOO. 

Tliese  parts,  then,  make  up  the  number  1 600 ;  we  have  therefore  — 

3X  +  400— 1600;  3x^1200;  andx»400. 
The  third  part,  therefore,  is  400,  the  second  500,  and  the  greatest  700. 
(3.)  Divide  32  into  two  such  parts  that  if  the  less  be  divided  by  6,  and  the  greater  by  5, 
the  two  quotients  taken  together  may  make  6. 
Let  the  less  of  the  two  parts  sought  =sx.     The  greater  will  be  32— x. 

The  first,  divided  by  6,  gives  g;  the  second,  divided  by  5,  gives  ^^^. 

Now,  g  +  -5-=6 ;  multiplying  them  by  5,  we  have  |x+  32— xadO,  or  — ^  +  d2«S0. 

Adding  |x,  we  have  32^30  +  Jx. 
Sttbtractmg  30,  there  remains  2  b|x. 

Multiplying  by  6,  we  have  x»  1 2.  Wherefore  the  lesser  part  &>  1 2,  the  greater  a  20. 
(4.)  Divide  25  into  two  such  parts  that  the  greater  may  contain  the  less  49  times.  . 
Let  the  less  part  bx,  then  the  greater  will  be  25— x. 
Hie  latter,  divided  by   the  former,  ought  to  give  the  quotient  49;   therefore 

^-49. 
Multiplying  by  x  we  have  25 — x  »  49x.     Adding  x,  25  »  50x. 
Dividing  by  50,  x»|.     Hence  the  less  of  the  two  numbers  sought  is  ),  and  the 

greater  244. 
(5.)  To  find  such  a  number  that  if  1  be  subtracted  from  its  double,  and  the  renudnder  be 

doubled,  2  subtracted,  and  the  remainder  divided  by  4,  the  number  resulting  from 

these  operations  shall  be  1  less  than  the  number  sought 
Suppose  the  number  to  be  sx ;  the  double  b2x. 
Subtracting  1,  the  remainder  is  2x— 1  ;  doubling  this,  we  have  4x— 2. 
Subtracting  2,  the  remainder  is  4x— 4 ;  dividing  by  4  we  have  x—  1,  and  this  must 

be  1  less  than  x,  so  that  x— 1^:1  —  1.     But  this  is  what  is  called  an  identiad 

wqmatum,  showing  th|it  x  is  indeterminate,  or  that  any  number  whatever  may  be 

substituted  for  it. 
(6.)  What  sum  is  that,  into  how  many  equal  parts  is  it  divided,  and  what  is  the  amount  of 
each  part,  wherein 

The  first  part       » 100,  and  one  tenth  of  the  remainder ; 

The  second  part  ^  200,  and  one  tenth  of  the  then  remainder ; 

Hie  third  part     ^^300,  and  one  tenth  of  the  then  remainder ; 

The  fourth  part  b400,  and  one  tenth  of  the  then  remainder ;  and  so  on  ? 
Suppose  the  total  sum  a-x.     Then,  since  all  the  parts  are  equal,  let  each  asx,  by  which 

means  the  number  of  parts  will  be  expressed  by  |.     This  being  established,  the  solution  is 
MB  follows:  — 


Total  nim. 

X 
»—    X 

»-2» 
z— Sx 
X— 4x 
X— 5x 


Order  of  the  psfta. 
First 

Second 

Third 
Fourth 

Fifth 

Sixth 


Amount  of  etch  nut. 
x-100  +  ?=r 


XB200  + 
x-dOO  + 
x«400  + 


IMI 

100 
10 
s— jr— 900 

— re — 

«— g.r-300 

10 
z+&r— «00 

— re — 


x=600  +  ?±^?g=^ 


DUnrences. 


100- 
100- 


5-JOO 
~T0~' 
f— 100 


10  ""^ 
100-5=^-0 
100-2=100 

and  so  on. 


-0 


The  diflerenoes  in  the  last  column  are  obtained  by  subtracting  each  part  from  that  which 
follows,  and  aU  the  portions  being  equal,  the  differences  should  be  ^0 ;  and  as  they  are 
expressed  exactly  alike,  it  will  be  sufficient  to  make  one  of  them  equal  to  nothing,  and  we 

have  the  equation  100- 


.100 


TO" 


lO.       Multiplying  by  10,  we    have  1000— x  — 100*: 0,  or 

900— xsO ;  consequently  xa900.     From  this,  therefore,  we  know  that  each  part  is  900 ; 
and  taking  any  one  of  the  equations  in  the  third  column,  the  first  for  example^  it  becomes, 

by  snbstitating  the  value  of  x,  900^  100  -l> ^^7^*  whence  the  value  of  x  is  obtained ;  for  we 
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have  9000 a  1000  + ;e  — 100,  or  9000 ■» 900 +  2;  whence  «»8100,  and  consequently  |a9. 
Hence  the  number  8100,  and  each  part  ^900  and  the  number  of  the  parts  a-9. 

EKSOLUTIOK   OF   TWO   OH    UOMt    CQVATIOVS   OF  THE    FiaST   OEGKKC 

825.  It  often  occurs  that  we  are  obliged  to  introduce  two  or  more  unknown  quantities 
into  algebraic  calculations,  and  these  are  represented  by  the  letters  4r,  y,  z.  If  the  question 
is  determinate,  we  arrive  at  the  same  number  of  equations  from  whence  to  deduce  the  un- 
known quantities.  Considering  only  those  equations  which  contain  no  powers  of  an  un- 
known quantity  higher  than  the  first,  and  no  products  of  two  or  more  unknown  quantities» 
it  is  evident  that  these  equations  will  have  the  form  cue-^by  +  ejc^tL 

826.  Beginning  with  two  equations,  we  will  endeavour  to  find  from  than  the  values  of 
X  and  y ;  and  that  the  case  may  be  considered  in  a  goieral  manner,  let  the  two  equations  be 
—  I.  <tr  -f^y^sc ;  and,  II.  fx-^gy^K  in  which  a,  6,  c,  and/,y,  A,  are  known  numbers ;  it  is 
required  from  these  two  equations  to  obtain  the  two  unknown  quantities  x  and  y.  The 
most  obvious  way  of  proceeding  is  to  determine  from  both  equations  the  value  of  one  of  the 
unknown  quantities,  x  for  example,  and  to  consider  the  equality  of  the  two  values ;  for 
then  we  obtain  an  equation  in  which  the  unknown  quantity  y  appears  by  itself,  and  may  be 
determined  by  the  rules  we  have  already  given.  Knowing  y,  we  have  only  to  substitute 
its  value  in  one  of  the  quantities  that  express  x.    -  ^^ 

827.  According  to  this  rule  we  obtain  from  the  first  equation  x=^~^,  frt>m  the  second 

x^—p^»     Stating  these  two  values  equal  to  one  another,  a  new  equation  appears,—.* 

a  J 

Multiplying  by  a,  the  product  is  c— ftyas^^^fl^ ;  multiplying  by/,  the  product  is  fc—fhy 
^ah'^agy.  Adding  agyt  we  have  fc—fby-^-apy^ahi  subtracting  /c,  there  remains 
—fby  +  agy^ah'-fe ;  or  (ay  —  fc/')ya=aA  — /c ;  lastly,  dividing  by  ag—hf^  we  have  y=*^^^& 

828.  In  order  to  substitute  this  value  of  y  in  one  of  those  we  have  found  of  x,  as  in  the 
first,  when xrs'i^  we  shall  first  have    -6y=«**±^;  whence  c-^«c.  -  •?^*^,    or 

.c-4y=?9t!i^^J+*Sr«€et^.  and  dividing  by  a,  x=«::^=^^. 

829.  To  illustrate  this  method,  let  it  be  proposed  to  find  two  numbers  whose  sum  may 
be  si 5,  and  di£ference  b7. 

Let  the  greater  number  a.x,  and  the  less  y  ;  we  shall  then  have, 

I.  x-(-yBl5,  and  II.  x— ytBs7. 

The  first  equation  gives  xssl5— y,  and  the  second  x=s7  +  y ;  whence  there  results  the  new 
equation  15— ya?  4-y.  So  that  15^1  +  2y,  2yss8,  and  y=4  ;  by  which  means  we  find 
X  B 1 1 .     The  less  number,  therefore,  is  4,  and  the  greater  is  1 1 . 

830.  When  there  are  three  unknown  numbers,  and  as  many  equations,  as,  for  example, 
I.  x  +  y— z»8;  II.  x  +  z— ys9;  III.  y  +  «— x=:10;  a  value  of  x  is  to  be  deduced 
from  each:  and  ftom.  I.  we  luive  xs8  +  x— y;  from  II.,  x=9  +  y— z;  and  from  III.  x»y 
+  2  —  10.     Comparing  them  together,  we  have  the  following  equations : 

I.  8  +  x— y«>9  +  y— «.     II.  8  +  «— yay  +  x— 10. 

The  first  gives  2z— 2y»l  ;  the  second,  2yssl8,  or  y^9.  Substitute  this  value  of  y  in 
2z— 2yss,  and  we  have  2z— 18»1,  and  2z»l9,  so  Uiat  2  =  94.  We  have,  therefore,  only 
to  determine  f ,  which  is  found  » 81.  The  letter  z  thus  vanishes  in  the  last  equation,  and 
the  value  of  y  is  immediately  found;  otherwise  we  must  have  had  two  equations  between 
z  and  y  to  have  been  resolved  by  the  preceding  rule. 

831.  Suppose  we  had  found  the  three  following  equations  — 

I.   3x  +  5y— 4«— 25.     II.  5x—2y  + 32  =  46.     III.  3y  +  5«— x»62. 
Deducing  from  each  the  value  of  x,  we  have 

1.  ,=«r=fHHii.  n.  «-«±*^.    III.  ,=3,+s«-ea. 

And  comparing  these  three  values  together,  and  the  third  with  the  first,  we  have  3y  +  Sz 
_62«?5-^ti:4«  Multiplying  by  S,  9y+ 15z-186  =  25-5y  +  42;  so  that  9y+152«211 
— 5y  +  4z,  and  ]4y  +  llz»211.  Comparing  the  third  with  the  second,  we  have  3y+5z 
_62«^^^|^=^,  or  46  +  2y-32  =  15y  +  25x-310,  which,  reduced,  is  356«=13y  +  28x. 
From  these  two  new  equations  the  value  of  y  may  be  deduced. 

I.  211  »14y  + Hz  {Whence  14y«211-llx,  and  y=?i^=^. 

II.  356  =  1  Sy  +  28«;  whence  1 3y  =* 356— 28z,  and  y^^~^^. 
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Thete  two  rtlues  form  the  new  equation  — 1~— =      |^     ,    which    becomes    2743— 14Sz 

b4984~392z,  or  249z»2241  ;  whence  z^9.  This  value  being  substituted  in  one  of  the 
two  equations  of  y  and  z,  we  find  y  »8,  and  by  a  similar  substitution  in  one  of  the  three 
ralues  of  x,  xs7. 

832.  If  more  than  three  unknown  quantities  are  to  be  determined,  and  as  many  equa* 
tions  to  be  resolved,  the  same  manner  must  be  pursued ;  but  the  calculations  are  often 
tedious ;  and  it  is  to  be  observed  that  in  each  particular  case  means  may  be  resorted  to  for 
frcilitating  the  resolution.  These  conrist  in  introducing,  besides  the  principal  unknown 
quantities,  some  new  one,  arbitrarily  assumed ;  such,  for  instance,  as  the  sum  of  all  the  rest. 
But  practice  only  can  teach  this ;  and  the  architect  is  in  this,  and  remaining  pages  of  this 
chapter,  as  much  informed  on  the  subject  as  his  practice  is  likely  ever  to  require. 

aKsoLunoK  op  puek  quaseatic  equations. 

833.  If  an  equation  contains  the  square  or  second  power  of  the  unknown  quantity  with-, 
out  any  of  the  higher  powers,  it  is  said  to  be  of  the  second  d^^ree.  An  equation  contain- 
ing the  third  power  of  the  unknown  quantity  belongs  to  cubic  equations,  and  its  resolu- 
tion requires  particular  rules.  There  are,  therefore,  only  three  kinds  of  terms  in  an  equa- 
tion of  the  second  degree. 

I.  The  terms  which  do  not  contain  the  unknown  quantity  at  all,  or  which  contain 
only  known  numbers. 

II.  'Die  terms  wherein  only  the  first  power  of  the  unknown  quantity  is  found. 

III.  The  terms  which  contiun  the  square,  or  second  power  of  the  unknown  quantity. 
Thus,  X  signifying  an  unknown  quantity,  and  the  letters  a,  6,  c,  </,  &c  being  known  num« 
bers,  the  terms  of  the  first  kmd  will  have  the  form  a,  those  of  the  second  kind  will  have 
the  form  &r,  and  those  of  the  third  kind  will  have  the  form  exx. 

834.  It  has  been  already  seen  that  two  or  more  terms  of  the  same  kind  may  be  united 
together  and  considered  as  a  single  term;  thus  the  formula  axr—ftKr  + cxr  may  be  con*. 
nSered  as  a  single  term  if  thus  represented  (a ~6  +  c)xr;  since,  in  fiu;t,  (a—b  +  e)  is  a 
known  quantity.  When  such  terms  are  found  on  both  sides  the  sign  »,  we  have  seen 
they  may  be  brought  to  one  ride,  and  then  reduced  to  a  angle  term.  For  example,  in  the 
equation 

2xx— 3x  +  4=5xx— Sx  +  ll ; 

We  first  subtract  2xx,  and  the  remainder  is 

—  3x  +  4asS*x— 8x+  11. 
Then  adding  8x,  we  have 

5x  +  4«s3xx+  11. 

Lastly,  subtractiifg  1 1,  the  remainder  is  3xxss5x— 7. 

835.  All  the  terms  may  also  be  brought  to  one  ride  of  the  sign  »,  leaving  only  0  on  the 
other.  Thus,  the  above  equation,  remembering  to  change  the  rigns,  will  assume  this  form, 
Sxx— 5x+'7eBO.  Hence,  the  following  general  formula  represents  all  equations  of  the 
second  degree—.* 

<ixx±bx±ea^Of 

wher^n  the  rign  ±  b  read  plus  or  minus,  and  shows  that  the  terms  to  which  it  is  prefixed 
may  be  poritive  or  negative.  To  this  formula  all  quadratic  equations  may  be  reduced. 
Suppose,  ibr  instance,  the  equation 

ttx-\-b     eg+f 
ct+d^gx+k' 

The  fractions  must  be  first  destroyed.     Multiplying  for  this  purpose  by  ex  +  d^  we  have 

mx  +  6 « eeMz+</*^cdx+^ .  ^^^ hygx  +  A, we havea^xx  +  ft^x  +  ahx  +  Mscexx  +  c/>  f  edx  +fd, 

an  equation  of  the  second  degree,  and  one  which  may  be  reduced  to  the  three  following 
terms,  wluch  are  transposed  by  arrangement  in  the  usual  manner :  — 

O'saapxx  +  bffx  +  bh 
—  cexx  +  ahx  —fd 

—  c/x 

—  edx. 

This  equation  is,  perhaps,  more  clearly  exhibited  in  the  following  form :  — 

O = (ay — ce)xx  +  (6jr  +  oA  —  cf  —  «d)x  +  6A  — yai 

83^  Equations  of  the  second  degree  are  called  eompleie  when  the  three  kinds  of  terms  are 
found  in  them,  and  their  resolution  is  more  difficult ;  on  which  account  we  shall  first  con- 
sider those  in  which  one  of  the  terms  is  wanting.  If  the  term  xx  be  not  found  in  the 
equation,  it  is  not  a  quadratic,  but  belongs  to  those  whereof  we  have  already  treated.  If 
the  term  containing  known  numbers  only  were  wanting,  the  equation  would  have  the  form 
axx±bx»0,  which,  being  divirible  by  x,  may  be  reduced  to  axi6»0,  which,  also,  is  a 
ample  equation,  not  belonging  to  the  present  class. 
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837.  When  the  middle  term  which  contains  the  fint  power  of  «  is  wanting,  the  e^iut- 
tion  a»umes  the  form  oxxdb  e«>0,  or  axx^  Tc,  as  the  aign  of  e  ia  poutive  or  negative. 
Such  an  equation  is  called  a  pure  equation  of  the  second  degree,  since  its  resolution  \a  with- 
out difficulty,  for  we  have  only  to  divide  by  a,  which  gives  arx»^;  and,  taking  the  square 
root  of  both  ndes,  we  have  «■>  V^,  which  resolves  the  equation. 

838.  Three  oases  are  however  to  be  considered ;  I.  when  ^  is  a  square  number  (whereof^ 

therefore,  the  root  can  be  assigned)  we  obtain  for  the  value  of  x  a  rational  number,  either 
integer  or  fractionaL     Thus,  xxssl44  gives  x^slS;   and  xx^s^f^  gives  x}.     II.  When 

2  is  not  a  square,  in  which  case  the  sign  v^  must  be  used.  If,  for  example,  xxa  ]2xss  ^/12» 

the  value  whereof  may  be  determined  by  approximation,  as  heretofore  shown.    III.  When 

-  becomes  a  negative  number,  then  the  value  of  x  is  altogether  impossible  and  imaginary ; 

this  result,  indeed,  proves  the  question,  that  such  an  equation  is  in  itself  impossible. 

839.  It  must  be  here  observed,  that  whenever  the  extraction  of  the  square  root  u  re- 
quired the  root  has  two  values,  the  one  negative,  the  other  positive.  Take  the  equation 
xx»49,  the  value  of  x  is  as  wdl  —7  as  +7,  which  b  expressed  by  ±  7.  Hence  all  these 
questions  admit  of  a  double  answer ;  but  it  will  easily  be  perceived  that  there  are  many 
cases  in  which  a  n^^tive  value  cannot  exist. 

840.  In  such  equations  as  axxsmbx,  where  the  known  quantity  e  is  wanting,  two  values 
of  X  may  exist,  though  dividing  by  x  we  only  find  one.  Tlius,  in  the  equation  xxsSx, 
wherein  a  value  of  x  is  required,  such  that  xx  may  become  sSx.  Thb  is  done  by  suppos- 
ing X3i3,  a  value  found  by  dividing  the  equation  by  x.  Besides  this  value,  however,  there 
is  another  eoually  satisfactory,  namely,  xaO,  for  then  xx^o,  and  3x^0.  Tlius  equations 
of  the  second  d^pnee  admit  of  two  solutions,  whilst  simple  equations  admit  only  of  one. 

841.  We  here  submit  three  examples  for  the  illustration  of  pure  equations  of  the  second 
degree. 

I.  Find  a  number  the  half  whereof  multiplied  by  the  third  produces  S4. 

Let  the  number  aax.     ^  multiplied  by  }x  must  produce  24.     Therefore  ^xsb24. 

Multiplying  by  6  we  have  xxmi144,  and  the  root  extracted  gives  xb  ±  IS.  We  put 
±  12  ;  for  if  x»  -(-12,  we  have  ^x a 6  and  ^ss 4,  and  the  product  of  these  quantities  is 
24.  If  x»  —  1 2,  we  have  ^B  —6,  and  ^s  —4 ;  the  product  of  which  is  likewise  24. 

II.  Find  a  number  such  that  by  adding  5  to  it  and  subtracting  5  from  it  the  product 
of  the  sum  by  the  difference  would  be  96. 

Let  the  number  be  x.     Then  x  +  5  multiplied  by  x— 5  must  give  96.     Therefore 

XX— 25*96. 

Adding  25  we  have  xx  » 1 21 ,  and  extracting  the  root  we  have  x  ss  1 1 . 

Thus  x-l- 5»16,  and  x—5a6,  and  lastly,  6  X  16»96. 

III.  Find  a  number  such  that  by  adding  it  to  10  and  subtracting  it  from  10  tibe  sum 
multiplied  by  the  remainder  or  difference  will  give  51. 

Let  the  number  sx.     Then  10 +  x  multiplied  by  10— x  must  make  51.     So  that 

100-xx»51. 
Adding  xx,  and  subtracting  51,  we  have  xx»49  ;  the  square  whereof  gives  x<b7. 

aXSOLUTION   OF   MXXXD   KQUATIOVS   OP  THB   SBCOKD   DBQRKB. 

842.  If  three  kinds  of  terms  are  found  in  an  equation  of  the  second  d^pree,  namely,  — 
I.  That  which  contains  the  square  of  the  unknown  quantity,  as  oxx ;  II.  That  in  which 
the  unknown  quantity  is  only  known  in  the  first  power,  as  hx;  III.  The  kind  of  terms 
composed  of  known  quantities  only,  —  such  an  equation  is  said  to  be  mixed  or  complete  ; 
since  two  or  more  terms  of  the  same  kind  may  be  brought  into  one,  and  all  the  terms  may 
be  brought  to  one  side  of  the  sign  ».  Tlie  general  form  of  a  mixed  equation  of  the  second 
degree  will  be 

OXXT^TCbOL 

And  we  now  propose  to  show  how  the  value  of  x  may  be  derived  from  such  an  equation ; 
which  may  be  done  in  two  ways. 

843.  Such  an  equation  may  be  by  division  reduced  to  such  a  form  that  the  first  term 
may  contain  only  tiie  square  xx  of  the  unknown  quantity  x.  Leating  the  second  term  on 
the  same  side  with  x,  we  will  transpose  the  known  term  to  the  other  side  of  the  sign  «. 
Thus  the  equation  assumes  the  form  xx±  jdxss  db  9*  in  which  p  and  q  represent  any  known 
numbers,  positive  or  negative ;  and  all  we  have  to  do  is  to  find  the  true  value  of  x.  Now 
ifxx+px  were  a  real  square,  no  difficulty  would  attend  the  solution ;  because  it  would 
only  be  required  to  take  Uie  square  root  on  both  sides.  It  is,  however,  evident  that  xx+px 
cannot  be  a  square ;  for  we  have  already  seen  that  if  a  root  conusts  of  two  terms,  for 
example  x  +  n,  its  square  must  contain  three  tenns>  namely,  twice  the  product  of  the  two 
parts,  besides  the  square  of  each  part ;  that  is,  the  square  of  x  +  a  ia  xx  +  2iix  +  fi».  Having, 
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tb«iiy  already  on  one  side  xx  +  px,  we  may  consider  xx  as  the  square  of  the  first  part  of  the 
root,  and  in  this  case  px  must  represent  twice  the  product  of  the  first  part  of  the  root  by  the 
second  part,  whence  the  second  part  must  be  ^  ;  and  indeed  the  square  oS  x+\p\g  found 
to  be  XX  +  pz  +  \pp.  Now  this  last  being  a  real  square,  which  has  for  its  root  x■t^pt  if  we 
resume  the  equation  xx+px=qf  we  have  only  to  add  \pp  to  both  sides,  and  we  obtain 
XX  +  px-^\pp=q  +  \pp,  the  first  side  being  a  square  and  the  other  containing  only  known 
quantities.  Taking,  therefore,  the  square  root  of  both  sides,  we  find  x  +  \pss  V{\pp  +  q)  ; 
and  subtracting  ip^  we  obtain  rs  — |p+  V\pp  +  q ;  and  as  every  square  root  »  positive  or 
n^ative,  we  shall  have  for  x  two  values,  thus  expr^sed — 

x--4pdb  V\pp+Y. 
This  formula  contiuns  the  rule  whereby  all  quadratic  equations  may  be  resolved,  and 
it  should  be  well  remembered,  so  that  it  may  not  be  necessary  to  repeat  it.     The  equation 
may  be  always  arranged  in  such  a  manner  that  the  pure  square  xx  may  be  found  on  one 
side,  and  the  above  equation  have  the  form  xxs  —px  +  q,  where  it  is  evident  that  x^—^± 

^ipP  +  9' 

844.  The  general  rule  deduced,  therefore,  to  resolve  the  equation  xxss  —px  +  q,  depends 

upon  the  consideration  that  the  unknown  quantity  x  is  equal  to  half  the  coefficient  or  mul- 
tiplier of  X  on  the  other  side  of  the  equation,  plus  or  minu$  the  square  root  of  the  square 
of  this  number,  and  the  known  quantity  which  forms  the  third  term  of  the  equation. 

845.  Thus,  having  the  equation  xx=6x  +  7,  we  should  inunediately  say  that  x^S± 
V^9  +  7=3±4,  when  we  have  for  values  of  x,  I.  xs7  ;  II.  x=  —  l.  So,  also,  the  equa- 
tion xxazlOx— 9  would  give  x=s5±  ^^25— 9=5±4;  that  is,  the  two  values  of  x  are  9 
and  1.    The  rule  will  be  better  understood  by  the  arrangement  under  the  following  cases :  — 

I.  Let  j9  be  an  even  number,  and  the  equation  such  that  xa, « Qpx  +  g,  we  shall,  in  that 

case,  have  x=»/)  db  ^/pp  +  q- 

II.  Let  /7  be  an   odd  number,  and  the   equation   xx^px-\-q\    we  shall   here   have 

xt^p±  Vif>p  +  9;  andsince^|ip+7»^^  ^,   we  may  extract  the  square  root  of  the 

denominator,  and  write  x«4/i*  V^5«£±Ate±5. 

III.  Lastly,  Mp  be  a  firaction,  the  equation  may  be  resolved  in  the  following  manner ; 
Let  it  be    oxxaftx  +  e,     or     xxs--  +  -*  and  we   shall  have  by    the   rule   x^m 

C±  -^S+T-      Now  ^+l~**^>  *•  denominator  of  which  u  a  square,  so 

that  x-ii^g^". 

The  other  method  of  resolving  mixed  quadratic  equations  is  to  transform  them'  into  pure 
equations,  which  is  effected  by  substitution  i  thus,  in  the  equation  xx  ajMr  +  q*  we  write 
another  unknown  quantity  y,  instead  of  tiie  unknown  quantity  x,  such  that  x^y  +  ^p,  by 
which,  when  y  is  found,  the  value  of  x  may  be  readily  determined. 

846.  Making  this  substituticm  of  y  +  ^/y  instead  of  x,  we  have  »"^yy+py  +  \g^%  and 
pxB*pp  +  ^pp;  hence  our  equation  becomeByp+py  +  \pp^py  +  ^pp  +  qt  which  is  first  re- 
duced by  subtracting^  to  y^  -v  \pp—ipp  +  q  i  And  then  by  subtracting  \pp  to  9y^\pp  +  f. 
This  is  a  pure  quadratic  equation,  which  directly  gives  y »  ±  V^/V  +  9*  And  since 
xs»y  +  ^p,  we  have  xss^p±  ^/\pp  +  q  as  before.  We  shall  now  illustrate  the  rule  by  some 
examples. 

I.  What  are  those  two  numbers,  one  whereof  exceeds  the  other  by  6,  and  whose  product 

is  91? 
If  the  less  be  ^x,  the  other  is  x  +  6,  and  their  product  xx+  6x«b91. 
Subtracting  fir,  the  remainder  is  xxb91  ~6x,  and  the  rule  gives 

x».-3db  V9  +  91  wSllO;   so  that  x»7,  and  zs —  IS. 

The  question  admits  of  two  solutions  :  by  one,  the  less  number  X3>  7,  and  the  greater 
x+6^l3;  by  the  other,  the  less  number  x=  —  1 3,  and  the  greater  x  +  6  =  —7. 

II.  Find  a  number  from  whose  square  if  9  be  taken,  the  remainder  is  a  number  as  many 
units  greater  than  100  as  the  number  sought  is  less  than  83. 

Let  the  number  sought «« x.     We  know  that  xx — 9  exceeds  1 00  by  xx  —  1 09,  and  since 
X  is  less  than  23  by  23— x,  we  have  the  equation  xx  — 109  =  23— x. 

Wherefore  XXS-X+ 132,  and  by  the  rulex«-4±  ^/\VlS2-\±  ^^=-^±23. 
So  that  x»  1 1,  and  x-s  —  1 2. 
I^  then,  a  positive  number  be  required,  the  number  is  1 1,  the  square  of  which  imata  9  la 
112,  and,  consequently,  greater  than  100  by  12,  in  tlie  same  manner  as  U  is  less  than 
23  by  12. 

III.  To  find  two  numbers  in  a  double  ratio  to  each  other,  such  that  if  we  add  theb  sum 
to  their  product  we  mav  obtain  90. 
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Let  one  of  the  numbers  'mx.     Then  the  other  will  be  »  S»,  their  product  alioa  Saw. 

If  we  add  to  this  3«>  or  their  sum,  the  new  sum  should  nuke  90. 

So  that  Sx4r-(-  S««90,  2drx«90— Sx,  and  xx**  —{  +  45  ;  whenee  we  obtam 

*«-J±  Vft  +  45--|±V5 
consequently  x»6,  or  —  7|. 
IV.  To  find  such  a  number  that  if  its  half  be  multiplied  by  its  third,  and  to  the  product 
half  the  number  required  be  added,  the  result  will  be  SO. 
Let  the  number  ^x.     Its  half  multiplied  by  its  third  will  make  ^ex,  so  that  ^x-t- 

j|X»SO. 
Multiply  by  6,  and  we  obtain  xx  +  Sxa:  180,  or  xxs  —Sx  + 180,  which  gives 

x«-J±  vl  +  180--l±V5 
consequently  x  is  either  v  1 8,  or  — 15. 

PUaX   XQUATIOKS   OP   THS   THiaO   DXOREE. 

847.  An  equation  of  the  third  d^ree  is  pure  when  the  cube  of  the  unknown  quantity 
is  equal  to  a  known  quantity,  and  neither  the  square  of  the  unknown  quantity  nor  the 
unknown  quantity  itself  is  found  in  the  equation. 

x'bi125  ;  or,  more  generally,  x^so,  x'»^  are  such  equations. 

The  method  of  deducing  the  value  of  x  from  such  an  equation  is  obvious,  for  we  have 
only  to  extract  the  cube  root  on  both  ndes.     Hius  the  equation  x'sl25  gives  xb5  ;  the 

equation  x'aa  gives  X'm  H/a;  and  the  equation  x'b^  gives  xb  |/|y  or  xs^.  To  re- 
solve such  equations  it  is  only  necessary  to  know  how  to  extract  the  cube  root  of  a  given 
number.  In  this  way,  however,  we  obtain  only  one  value  for  x ;  but  as  every  equation  of 
the  second  degree  has  two  values,  we  have  reason  to  suspect  that  an  equation  of  the  third 
d^ree  has  also  more  than  one  value.     To  investigate  this  is  the  object  of  what  follows. 

848.  Let  us,  then,  take  the  example  xSss8  to  find  from  it  the  numbers  whose  cube  b8. 
As  x«8  is  such  a  number,  x^  — 8^0^  and  must  be  divisible  by  x  — 8.  The  division  is  as 
follows :  — " 

x-2)xS-8(xx+2x  +  4 
x5  — 2xx 


Sxx-8 
2xx-4x 

4x-8 
4x-8 

O 

Hence  it  follows  that  the  equation  x^  —  8 1«0  may  be  represented  by  these  ftctors,  •— 

(x-S)  +  (xx+  2x^  4)»=a 
Tlie  question  then  is,  what  number  is  to  be  substituted  for  x  in  order  that  x'sS,  or 
that  x3  —  8  »0 ;  and  it  is  manifest  that  the  condition  is  answered  by  supposing  the  product 
Just  found  to  be  equal  to  O.  This,  however,  occurs  not  only  when  the  first  factor  x  —  S^O^ 
whence  we  have  xai2;  but  also  when  the  second  foctor  xx+  2x  +  4aO.  We  wiU  thero- 
fore  make  xx+2x  +  4i«0,  and  we  shall  have  xx»  — 2x— 4;  and  thence  xa.-l  ±  ^~s. 
From  which  we  learn  that  besides  the  case  in  which  x»S,  which  corresponds  to  the 
equation  x'as8,  there  are  also  two  other  values  of  x  whose  cubes  are  also  8.  These  are  — 
I.  x-x  —1  +  v'  — 3;  and,  II.  x«i  — 1  —  V  — 8)  which  will  be  evident  from  cubing  them 
Thua^ 

-1  +  a/-3  -l-V-3 


l-V-3  l  +  V-3 

-^-3-3  +V-3-3 


-2— 2V-3  square  — 2  +  2^/-S 

— 1  +  ^/-8  -1-.    v'-S 

a  +  2V-3  8-2^^3 

-2^/-S  +  6  +2^-3  +  6 

8  cube  8  cube 

These  values,  it  is  true,  are  imaginary  or  impossible,  yet  they  must  not  be  neglected;  and, 
indeed,  what  has  been  said  applies  to  every  cubic  equation,  such  as  xS»a ;  namely,  that 
bendes  the  value  x-  >3/a  we  shall  always  find  two  other  values.     To  abridge  the  cdcu^ 
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lation,  let  11s  suppow  ^a^e,  so  that  a»e9;  the  equatioii  will  then  aanune  this  fbnn, 
jr9—eSaO^  which  will  be  diTisible  by  x— e,  as  under. 

ar — c)  or* — c5  (xx  +  car  +  cc 


% 


exx—eex 

eex—c^ 
ccx—c^ 

0 

Consequently  the  equation   in   question  may   be  represented  by  the  product  (x— c)  x 
(xx  +  ex +  cc)s=Q,  which,  in  feet,  is  =0,  not  only  when  x— c=0,  or  x=bc,  but  also  when 
xx-fcx  +  ec^O.     This  expression  contains   two  values  of  x,  inasmuch  as  it  gives  xxa 

-«-ec  uid  « 1  ±  ^-f -cc,  or  ,_=i*-J^,  thatis.  *==lij^^==5-*gV:=^  x  e. 

Now,  c  having  been  substituted  for  ^a,  we  conclude  that  every  equation  of  the  third 
degree  of  the  form  x'aa  furnishes  three  values  of  x,  expressed  thus :  — 

I.  x=^a.       11.  x«=^>^x  ^a.       III.  x=^=^^x  V a. 

This  shows  that  every  cube  root  has  three  different  values,  but  that  one  only  is  real,  and 
the  other  two  impossible :  and  this  is  the  more  remarkable,  since  every  square  root  has  two 
values ;  and  if  we  were  to  pursue  the  subject,  (which  is  not  our  intention,  since  the  sub- 
ject is  unnecessary  for  tiie  architect,  but  if  he  wishes  he  must  refer  to  books  on  the  subject,) 
we  should  find  that  every  biquadratic  root  has  four  different  values,  and  so  on  with  fifth 
roots,  &c.  In  ordinary  ^culations  only  the  first  of  those  values  is  employed,  the  other 
two  being  imaginary.     We  subjoin  some  examples  :  — 

I.  To  find  a  number  whose  square  multiplied  by  its  fourth  part  shall  produce  432. 
Let  the  number  sx ;  then  the  product  of  xx  multiplied  by  ^x  must  =  432  :    that  is, 
'  r3s432,  and  x3»1728. 

\y  extracting  the  cube  root  we  have  xb12.     The  number  sought,  then,  is  12  for  its 
square  multiplied  by  its  fourth  part,  or  by  3  =  432. 

II.  To  find  a  number  whose  fourth  power  divided  by  its  half,  with  14)  added  to  the  pro- 
duct, is  100. 

L<et  the  number  sx ;  its  fourth  power  will  be  x^. 

Dividing  by  the  hal^  or  ^^  we  have  2x3  ;  and  adding  to  that  14^  the  sum  must  be  100. 

We  have,  therefore,  2x9  + 14)  ss  100;    subtracting  14)  the  remainder  is  2x3=^^. 
Dividing  by  2  we  have  x^sr-^-,  and  extracting  the  cube  root  we  find  x={. 

RKSOLOTIOH   OF   COMrLETJB    EQUATIONS   OF   THX   THIRO    DSOaBX. 

849.  An  eqtiation  of  the  third  degree  is  said  to  be  complete  when  besides  the  cube  of  the 
unknown  quantity  it  contains  the  unknown  quantity  itself  and  its  square ;  so  that  the 
general  formula  for  these  equations,  bringing  all  the  terms  to  one  side,  is, 

ax3  ±  bx*  ±cx±  d^O. 

850l  We  here  propose  to  show  the  method  of  deriving  from  such  equations  the  values  of 
X,  which  are  also  called  the  note  of  the  equation.  There  is  no  doubt,  as  we  have  seen  in 
the  last  section,  that  such  an  equation  has  three  roots,  as  in  respect  of  pure  equations  of  the 
same  degree. 

851.  First,  then,  considering  the  equation  x3  —  6xx  4- llx  — 6=0;  since  an  equation  of 
the  second  d^ree  may  be  considered  as  the  product  of  two  fectors,  an  equation  of  the  third 
degree  may  be  represented  by  the  product  of  three  factors,  which  in  the  present  instance 
are  (x~  1)  x  (x— 2)  x  (x— 3)=0 ;  for  by  actually  multiplying  them  we  obtain  the  given 
equation.  Thus,  (x— 1)  x  (x— 2)  gives  xx->3x+  2,  and  this  multiplied  by  (x— 3)  gives 
x^^Sxx-i- 11x^6,  which  are  given  quantities,  and  =0.  This  happens  when  the  product 
(x— 1)  X  (x— 2)  X  (x— 3)  becomes  nothing;  and  as  it  is  sufficient  for  this  purpose  that  one 
of  the  factors  =0,  three  different  cases  may  ^ve  this  result ;  namely,  when  x—1  =0,  or 
x»l  ;  secondly,  when  x— 2s=0,  or,  x=2;  and  lastly,  when  x— 3=0,  or,  x= 3.  If  any 
number  whatever  besides  one  of  the  above  three  were  substituted  for  x  none  of  the  factors 
would  become  <»  o,  and  consequently  the  product  would  no  longer  ^  0,  which  proves  that 
the  equation  can  have  no  other  root  than  those  three.  If  in  every  other  case  three  (actors 
of  sueh  an  equation  could  be  assigned  in  the  same  manner,  we  should  inunediately  have 
three  roots.  Let  us,  then,  consider  more  generally  these  three  fectors,  x— p,  x^g,  x— r. 
Seeking  th&r  product,  the  first  multiplied  by  the  second  gives  xx— (/>  +  qyx  +pq9  and  this 
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product  multiplied  by  x— r  nutkes  x^^-Cp  +  q  +  r)  xx  +  (pq  +  pr  +  qr)jr^pqr.  If  this  for- 
mula must  become  sO,  it  may  happen  in  three  cases:  first,  when  X'^pssO  orx^p; 
second,  when  x^q^Ot  or  x^q;  third,  when  «— rsO,  or  x«>r.  Let  us  then  represent 
the  quantity  fbimd  by  the  equation  xS— oxx  +  frx— c  -0.  That  its  three  roots  may  be, 
I.  x»p;  II.  x^q;  III.  xwmr,  it  is  evident  we  must  have,  1st.  a=p  +  q  +  r;  Sd.  bmBpq  + 
pr  +  qr;  and  Sd.  e^pqr\  from  which  we  find  that  the  second  term  contains  the  sum  of  the 
three  roots ;  that  the  third  term  contains  the  sum  of  the  products  of  the  roots  taken  two  by 
two ;  and  lastly,  that  the  fourth  term  consists  of  the  product  of  all  the  three  roots  multiplied 
together.  From  this  last  property  is  deduced  the  truth,  that  an  equation  of  the  third 
degree  can  have  no  other  rational  roots  than  the  divisors  of  the  last  term,  for  that  term 
being  the  product  of  the  three  roots  must  be  divisible  by  each  of  them.  Hence,  to  find  a 
root  by  trial,  we  immediately  see  what  numbers  we  are  to  choose. 

852.  Let  us,  for  uistance,  consider  the  equation  x^=sx  + 6,  or  x'— x— 6^0.  As  this 
equation  can  have  no  other  rational  roots  but  numbers  which  are  factors  of  the  last  term  6, 
we  have  only  the  numbers  1 ,  2, .%  6  to  try  with,  the  result  whereof  will  be  as  follows :  — 

I.  Ifx«i],wehave      1  —  1  —  6=— 6. 

II.  Ifx«r2,  wehave      8—2—6=0. 

in.  Ifx^S,  wehave    27-3-6sl8. 

IV.  IfxB6,  we  have  216-6-6  =  204. 

From  which  we  see  that  x= 2  is  one  of  the  roots  of  the  given  equation ;  and  it  will  now  be 
easy  to  find  the  other  two ;  fi>r  xs*  2  being  one  of  the  roots,  x— 2  is  a  factor  of  the  equation, 
and  the  other  fitctor  is  to  be  sought  by  means  of  division,  as  fi)llow8 :  — 

X— 2)x»  — X— 6(xx+2x  +  3 
x'  — 2xx 


2xx— X— 6 
2xx  — 4x 

Sx-6 
Sx-6 

O 

853.  Since,  then,  the  formula  is  represented  by  the  product  (x  —  2)  x  (xx  +  2x  +  3),  it  will 
become  ^0  as  well  when  x— 2 ^Oas  when  xx  +  2x  +  3=0.  This  last  factor  gives  xx=  — 2x 
—  3;  and  consequently  x=  — 1±^/— 2.  These  are  the  other  two  roots  of  the  equation, 
and  they  are  evidently  impossible  or  imaginary. 

854.  The  operation  explained  is,  however,  only  applicable  when  the  first  term  x'  is  mul- 
tiplied by  1 ,  the  other  terms  of  the  equation  having  integer  coefficients.  When  this  is  not 
the  case,  a  mode  must  be  adopted  by  which  the  equation  is  transformed  into  another  having 
the  condition  required,  after  which  the  trial  mentioned  may  be  made. 

855.  Let  us,  for  instance,  take  the  equation  xS— 3xx+ fjx— )=0.     As  there  are  four 

parts  in  it,  let  us  make  x=^  ;  we  shall  then  have  ^~4'i--^'-)"B0,  and  multiplying  by 
8  we  obtain  the  equation  y^—Gyy  +  lly— 6=0 ;  the  roots  of  which  are,  as  we  have  already 
seen,  y=l,  jr=2,  y  =  3;  whence  in  the  given  equation  we  have,  I.  x=4»  ^^*  '  =  1; 
in.  x=J. 

Let  us  take  an  equation  in  which  the  coefficient  of  the  first  term  is  a  whole  number, 
different  from  1,  and  whose  last  term  is  1  :  fisr  instance,  6x3  — llxx  +  6x— 1  =0.  Di- 
viding by  6  we  have  x^— ^xx  +  x- J=0.      The  equation  may  be  cleared  of  fractions  by 

the  method  just  shown.     First,  supposing  x=|,  we  shall  have  y^'^  si5^->- «— ^^^  !    ^i^cl 

multiplying  bv  216  the  equation  becomes  y^- llyy  +  36y— 36=0.  It  would  be  tedious 
to  try  all  the  divisors  of  the  number  36,  and  as  the  last  term  of  the  original  equation  is  1 , 

it  is  better,  in  this  equation,  to  suppose  x=,,  for  we  sliall  then  have -3-^+    —1=0. 

Transposing  the  terms  z*)  — 6x2+ I Ix— 6=0,  the  roots  are  here  z=l,x=2,  2=3,  whence 
in  our  equation  x=  1,  x=l,  x=|. 

856.  It  has  been  heretofore  shown  that  to  have  all  the  roots  in  positive  numbers  the 
signs  plua  and  minus  must  succeed  each  other  alternately ;  by  this  means,  the  equation  takes 
the  form  a'^—cuex  +  5x— c=0 ;  the  signs  changing  as  many  times  as  there  are  positive  roots. 
Had  the  three  roots  been  negative,  and  the  three  fectors  xt-p,  x  +  g,  x  +  r  had  been  multi- 
plied together,  all  the  terms  would  have  had  the  sign  ^ms,  and  the  fbrm  of  the  equation 
would  have  been  x3  +  aJCT  +  6x  +  eaO,  wherein  the  same  signs  follow  each  other  three  times, 
that  is,  the  number  of  the  negative  roots. 

857.  From  this  we  may  learn  that  as  often  as  tlie  signs  change  the  equation  has  pontive 
roots,  and  when  the  same  signs  follow  each  other  the  equation  has  negative  roots ;  and  this 
teaches  us  whether  the  divisors  of  the  last  term  are  to  be  taken  affirmatively  or  negatively, 
when  we  wish  to  make  the  trial  that  has  been  mentioned. 
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In  order  to  illnstrate  this,  take  the  equation  3Ci  +  xx~-S4s+S6»0y  wherein  the  «[gn« 
change  twice  and  the  same  sign  occurs  only  once.  We  see  thus  that  the  equation  hai 
two  pontiTc  roots  and  one  negative  root ;  and  as  the  roots  must  be  divisors  of  the  hut 
term  56t  they  must  be  included  in  the  numbers  db  I>  2,  4, 7,  8,  14,  28,  56. 

858.  Let  us,  then,  nuke  x^S,  and  then  8+4— 68  + 56=0;  whenoe  it  would  appear 
that  X  St  2  is  a  positive  root,  and  therefore  that  x— 2  is  a  divisor  of  the  equation  whereby  the 
other  two  roots  may  eauly  be  found ;  for,  dividing  by  x— 2,  we  have 

or—  2)  x5  +  XX — 34x  +  56  (xx  +  3x — 28 
x3  — 8xx 


Sxx— S4x  +  56 
3xx—  6x 

-28x  + 56 
-28x  + 56 


0 

Making  this  quotient  xx+3x— 28^0,   we   find   the  other  two  roots,   which   will    be 

xb  — )db  ^/^'^^  28s  —]±  y,  that  is,  x  =  4  or  x»  ~7  ;  and  considering  the  root  beforehand, 
X  SB  2,  we  perceive  that  the  equation  has  two  positive  roots  and  one  negative.  We  subjoin 
some  examples. 

(I.)  What  numbers  are  those  whose  difference  is  12,  and  whose  product  multiplied  by 
their  sum  makes  14560  ? 

Let  the  less  of  the  two  numbers  sx.     The  greater  will  be  x  +  12. 

Their  product  a  xx  +  2x,  multiplied  by   the    sum   2x+ 12,  gives  2x3  +  36xx  +  144x 

» 14560. 
Divide  by  2,  and  we  havex<  +  18xx  +  72xss7280. 

The  last  term  7280  is  too  great  to  make  trial  of  all  the  divisors,  and  it  is  divisible  by  8, 

wherefore  we  shall  make  x«:  2y ;  because  the  new  equation  8y3  +  72;ry  +  I44y  »  7280, 

after  the  substitution,  being  divided  by  8,  becomes  ]f^+9yy+  18y  3=910. 

To  solve  this,  we  only  need  try  the  divisors  1,  2,  5,  7.  10,  13,  &c.  of  the  number  910. 

Now  it  Is  evident  that  the  first  three  are  too  small.     Begin,  therefore,  by  supposing 

^  —  7,  and  we  find  it  is  one  of  the  roots,  for  the  substitution  gives  343  +  441 

+  196  as  910.     It  follows,  then,  that  xs  14,  and  the  other  roots  are  found  by  dividing 

y^  +  9yy  +  18y— 910  by  y— 7,  as  follows :  — 

y— 7)y3  +  9yy  +  18y— 910(yy  +  16y  +  ISO 

if^-7yy 

16yy+18y— 910 
16yy— 112y 


ISOy— 910 
130y~910 

0 

Supposing  this  quotient  yy+ 16y+ ISO »0,  we  haveyys— 16y— ISO,  and  thence  y»  — 8 i: 
^_66,  which  proves  that  tb6  other  two  roots  are  impossible.  The  numbers  sought, 
therefore,  are  14  and  26,  the  product  of  which,  364,  multiplied  by  their  sum,  40,  gives 
1456. 

(II.)  What  numbers  are  those  whose  difference  may  be  18,  and  their  sum  multiplied  by 
the  diTOrence  of  their  cubes  may  produce  the  number  275184  ? 
Let  the  lesser  number  asx.     Then  the  greater  will  be  x  +  18. 
The  cube  of  the  first  will  be  sxS,  and  the  cube  of  the  second  axS  +  54xr+  97Sx  + 

5832. 
The  difference  of  the  cubes  »  54ix  +  97  2x+ 58  32  «  54  (xx  +  18x+ 108)  multiplied  by 
the  sum  2r  + 1 8,  or  2(x  +  9),  gives  the  product  108  (xS  +  27xr  +  270x  +  972)  =  2751 84. 
Dividing  by  108,  we  have  xS  +  27xr+  270  +  972=2548,  or  x^  +  27xx+  270x=1576. 
Hie  divison  of  1576  are  1,  2,  4,  8,  See.     Let  us  try  x»4,  and  we  shall  find  it  will 

satisfy  the  terms  of  the  equation. 
It  remains  then  to  divide  by  x— 4  to  find  the  other  two  roots.      The  quotient  will  be 
found  to  be  xx+  31x+  394 ;  making,  therefore,  xxa  —Six— 394,  we  find  xb  .^  ± 

>/^  — i^,  that  is,  two  imaginary  roots. 

The  numbers  sought,  therefore,  are  4  and  22. 

(HI.)  What  numbers  are  those  whose  difference  is  12,  and  the  product  of  this  difference 
by  the  sum  of  their  cubes  is  1 021 44  ? 

Let  the  lesser  number  ax ;  the  greater  will  be  x  +  1 2. 

The  cube  of  the  first  is  axS  ;  the  cube  of  the  second  is  x3  +  S6xx  +  432x  + 1728. 

U  3 
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The  product  of  the  sum  of  these  cubes  by  the  difference  1 2,  is  1  S(S«9  +  SSxx  +  432Jr + 

17S8)-ilOS144. 
Dividing  by  12  and  2^  we  have  «9  +  18xr+216jr+864— 4256,  or  dr'  +  18«»-»-216x>- 

3392^8x8x53. 
Suppose  xss  2y,  and  substituting  and  dividing  by  8,  we  have  y^  +  9yy  +  54y  s*8  x  53  » 

424. 
The  divisors  of  424  are  I,  2,  4,  8,  53,  &c.     1  and  2  are  too  snudl ;    but  making  ya4 

we  find  64+  144+  216^424 ;  so  that  y«s4  and  r^-S,  whence  we  conclude  that  the 

two  numbers  sought  are  8  and  20. 

859.  We  shall  here  close  our  brief  explanation  of  the  principal  rules  of  algebra :  they 
are  to  be  considered  more  in  the  light  of  a  preparation  for  reading  and  understanding  the 
analytical  reasoning  and  formulas  that  we  shall  hereafter  have  to  use,  than  as  intended  to  per- 
fect the  architectural  student  in  that  whereof  they  treat.  He  that  desires  a  more  intimate 
fMjquaintance  with  the  analytical  process  will  of  course  apply  himself  to  works  expressly  on 
the  subject.  Nevertheless  our  work  could  not  have  been  considered  complete  without  that 
which  we  have  supplied. 

860.  It  renuuns  for  us  to  give,  under  this  chapter,  a  few  applications  of  the  use  of 
decimals,  whose  nature  has  alreadv  been  explained,  and  to  close  it  with  an  explanation  of 
duodecimals  and  the  mode  of  working ;  to  which  we  now  proceed. 

DSCIMALS. 

861.  In  subsect.  783.  et  tq.  the  mode  of  converting  vulgar  into  decimal  fractions  has 
been  explained.  We  shalL  here  more  particularly  apply  them  to  the  general  subject  of  our 
work.  Great  fiicilities  arise  from  their  application,  though  there  be  many  fractions  of  com- 
mon occurrence  which  cannot  be  expressed  in  decimals  without  a  great  number  of  figures. 
The  following  table  will  show  the  mode  of  expressing  in  decimals  the  fractional  parts  of  a 
foot,  and  will  further  illustrate  the  mode  of  writing  down  numbers  in  decimab :  — 

Feet.    Inchet. 
1         1  in  vulgar  fractions    l-j^  in  decimal  fractions       1  ■063333 

5         2 5) 5-16^66 

4         3 4j 4-25 

O         4 \ 0-333333 

3         5 3^ 3-416666 

23         6 23J 23-5 

548         7 548>j^ 548583333 

We  may  here  repeat,  that  the  value  of  a  decimal  fraction  is  not  altered  by  any  ciphers  on 
its  right  hand ;  thus,  -2500  is  of  the  same  value  as  -25,  but  every  cipher  added  between 
the  number  and  the  decimal  point  decreases  the  value  of  the  decimal  ten  times :  thus  -25  =  \ ; 
'025=^;  and  '0025=^  The  mode  of  finding  the  value  of  recurring  decimals  has 
already  been  given  (subsect.  793. ) ;  we  shall,  therefore,  proceed  to  the  reduction  of  a  decinud 
to  its  corresponding  value  in  inferior  denominations.  For  effecting  this,  the  decimal  must 
be  multiplied  by  the  number  of  parts  its  integer  contains  of  the  denomination  to  which 
it  is  to  be  reduced,  and  point  off*  to  the  left  as  many  figures  in  the  product  as  there  are 
places  in  the  decimal. 

862.  Tlius,  to  find  the  inches  and  parts  equivalent  to  *5417  of  a  foot  Remembering 
that  a  foot  contains  1 2  inches,  we  have  — 

•5417 
12 


6*5004  inches;  and  1  inch  consisting  of 
12  parts 

6-0048  parts ;  hence  *5417  is  equal  to  6  inches,  and  6-0048  parts. 
Again,  to  find  the  value  in  shillings  and  pence  of  -525  of  a  pound  sterling,  we  have  — 

•525 
20  shillings  in  a  pound 

10-500 
12 


6'000 ;  that  is,  10  shillings  and  6  pence. 

Reciprocally,  to  find  what  decimal  of  a  foot  are  6  inches  6*0048,  we  have,  first, 

Parts  in  an  inch,  12)  6-0048 

Parts  in  a  foot,     1 2)  6  -5004 

-5417,  the  decimal  required. 
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Agun,  to  find  what  dtwimal  of  a  pound  iterling  are  ten  AHiit^  ^nd  tizpence :  here  we 
have— - 

Peoee  in  a  shilling    12)60 

ShiUings  in  a  pound  20)10*5 

'525,  the  decimal  required. 
86S.  llie  addUhm  of  decimal  fractions  is  performed  by  placing  the  different  numbers  with 
the  points  directly  under  each  other,  and  then  the  addition  is  made  as  in  whole  numbers, 
obaaring  to  place  the  point  in  the  sum  under  its  place  in  the  numbers. 
Example.—  Add  the  numbers  3*5675,  81  '375,  and  760*00875  together. 

S'567S 
21  -375 
760-00875 


784*95125 
864.  The  s«&6tiefioii  of  decimal  fractions  is  performed  by  placing  the  firaetions  with  the 
points  directly  under  each  other,  and  subtracting  as  in  whole  numbers. 
Example.  — From  98*735  take  12*96785. 

98*735 

12*96785 


85*76715 
865.  The  muHiplieatiom  of  decimal  fractions  is  performed  as  in  integers,  taking  care  to 
place  the  decimal  point  in  the  product  to  the  left  of  as  many  decimals  as  are  contained  in 
both   fiu^rs.     But  if  there  be  not  as  many  places  in  the  product  as  are  contained  in 
both  fiictora,  ciphers  must  be  placed  to  the  left  to  make  up  ttie  deficiency. 
Example.  —  Multiply  7*335  by  7*5. 

7*385 
7*5 

36675 
51345 


55-0125 
In  this  case  there  are  three  decimal  places  in  the  multiplicand,  and  one  in  the  multiplier. 
Four  decimals  must  tlierefi>re  be  cut  off  firom  the  right. 
Example.  —  Multiply  -07325  by  -5235. 

•07325 
-5235 


36625 
21975 
14650 
36625 

<038346375 

Here,  because  there  are  five  places  of  decimals  in  the  multiplicand  and  four  in  the  multi- 
plier, making,  in  all,  nine  places,  and  only  ^ht  places  come  from  the  multiplication,  we 
most  prefix  a  cipher  to  make  up  the  nine  places. 

866.  The  divisiom  of  decimal  fractions  is  performed  as  in  whole  numbers,  pointing  off 
from  the  right  of  the  quotient  as  many  figures  for  decimals  as  the  dividend  has  more 
deeima]  places  than  the  mvisor.  If  the  quotient  have  not  so  many  figures  as  the  decimals 
in  the  dividend  exceed  those  in  the  divisor,  ciphers  must  be  prefixed  to  the  left  to  make 
up  the  deficiency  befinre  the  point  be  placed. 

Example.  —  Divide  7*375  by  5-25. 

5*25)7*8750000(1  40476 
525 

2  125 
2  100 


2500 
2100 

40C0 
3675 


3250 
3150 

100 

U  4 
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Now  the  dividend  with  the  ciphers  annexed  has  seven  places  of  decimAla,  and  the  divisor 
only  two ;  we  must  therefore  cut  off*  five  places  from  the  right  hand  for  the  <^«<^in»^il■  of  the 
quotient. 

Example.  —  Divide  -5675  by  72 '5. 

78-5)-5675000(  O07827 
5075 


€000 
5800 


SOOO 
1450 

5500 
5075 

425 

867.  Hie  dividend  has,  with  the  ciphers  that  have  been  annexed,  seven  places  of  deci» 
mals,  and  the  divisor  only  one  place ;  hence  we  cut  off  from  the  right  six  places  for  the 
decimal  of  the  quotient.  But  on  examination  it  is  found  that  there  are  only  four  signifi- 
cant figures  obtained ;  two  ciphers  must,  therefore,  be  prefixed  to  the  quotioit 

BUODKCIMALS. 

868.  Duodecimals  are  a  series  of  denominations  beginning  with  feet,  wherein  every  inch 
in  the  lo  ver  denomination  makes  twelve  in  that  next  above  it,  and  they  form  a  series  of 
fractions,  whereof  the  denominations  are  understood,  but  not  expressed.  This  method  is 
chiefly  in  use  among  measurers  of  artificers'  works,  for  computing  the  contents  of  work. 
The  dimensions  are  taken  in  feet,  inches,  and  twelfths  of  an  inch,  but  not  nearer,  except  in 
works  of  the  greatest  nicety.  Feet  and  inches  are  marked  with  their  initial  letters,  but 
twelfths  or  seconds  by  a  double  accent,  thus  2",  and  thirds  by  a  triple  accent,  thus  5'". 

869.  To  multiply  duodecimals  together,  write  down  the  two  dimensions  so  to  be  multi- 
plied in  such  way  that  tiie  place  of  feet  may  stand  under  the  last  place  of  the  multi- 
plicand ;  begin  with  the  right  hand  denomination  of  the  multiplier,  and  multiply  it  by 
every  denomination  of  the  multiplicand,  throwing  the  twelve  out  of  every  product,  and 
carrying  as  many  units  as  there  are  twelves  to  the  next  Placing  the  remainders,  if  any, 
under  the  multiplier,  so  that  the  like  parts  in  the  product  may  be  under  like  parts  of  the 
multiplicand,  proceed  with  every  successive  figure  of  the  multiplier  towards  the  left,  in  the 
same  manner,  always  placing  the  first  figure  of  the  product  under  the  multiplier.  Then 
the  sum  of  these  partial  products  will  be  the  whole  product.  In  duodecimals  there  will  be 
as  many  denominations  below  feet  as  in  both  the  fiurtors  taken  together. 

Example  1 Multiply  7  ft.  5  in.  by  3  ft.  4  in. 

7  :  5 
S  :  4 


2:5:8 
22:  3 


24  :  8  :  8 

Example  2.  —  Multiply  24  ft.  8  in.  8"  by  3  ft.  7  in. 

24  :  8  :  8 

3:  7 


14: 5 :  0:  8 
74  :  2  :  0 

88  :  7  :  O  i  8 


870.  In  the  first  example  there  is  only  one  place  of  duodecinuds  in  each  fector ;  there 
are  therefore  two  places  in  the  product  In  the  second  example  there  are  two  places  of 
duodecimals  in  the  multiplicand  and  one  in  the  multiplier,  which  make,  together,  three ; 
there  are  therefore  three  denominations  in  the  product  This  method  of  placing  the 
denominations  of  the  fiu^rs  gives  the  correct  places  of  the  product  at  once ;  since  like 
parts  of  the  product  stand  under  like  parts  of  the  multiplicand.  It  also  shows  the  affinity 
between  duodecimals,  decimals,  and  every  series  or  scale  of  denominations  whereof  any 
number  divided  by  the  radix  of  the  scale  makes  one  of  the  next  towards  the  left  hand. 
The  consideration  is,  moreover,  useful  in  discovering  readily  the  kind  of  product  arising 
from  the  multiplication  of  any  two  single  denominations  together. 

871.  When  the  number  of  feet  runs  very  high  in  the  fiu^rs,  it  will  be  much  better  to 
write  down  the  product  of  each  multiplication,  without  casting  out  the  twelve,  and  add 
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together  those  of  each  denomination  beginning  on  the  right,  and  divide  by  12,  to  carry  to 
the  next  higher  place,  then  add  these,  and  so  on,  as  often  as  there  are  places  in  the  whole 
product. 

Example.  —  Multiply  96S  ft.  5  in.  by  54  ft.  8  in. 

262    :      S 

54:  8 


1048 
ISIOO 

2099: 
T   20 
:  250 

4 

197« 

2369 
12 

14345     :      5    :   4 

Thus,  under  inches,  the  products  being  set  down  and  added,  they  amount  to  2369f 
which,  divided  by  twelve,  gives  197  to  carry  to  the  place  of  feet,  and  5  remainder.  Then 
adding  the  feet  U^ether  with  the  quantity  carried,  it  gives  the  whole  number  of  feet ;  while 
the  operation  is  extremely  simple  and  firee  from  the  troubles  of  either  side  operations  or 
useless  stress  on  the  memory. 

872.  The  division  of  the  foot  into  12  parts  renders  the  application  of  the  rules  of  practice 
very  valuable  in  the  computation  of  duodecimals.  The  practical  rule  is  to  set  down  the 
two  dimensions  one  under  the  other,  that  is,  feet  under  feet  and  inches  under  inches, 
and  multiply  each  term  in  the  multiplicand  by  the  feet  in  the  multiplier,  beginning  at  the 
lowest;  and,  if  the  numbers  be  large,  put  down  the  inches  without  carrying  1  for  every  12 
from  inches  to  feet.  Then,  instead  of  multiplying  by  the  inches,  take  such  aliquot  parts  of 
the  multiplicand  as  the  inches  are  of  a  foot ;  after  which  add  the  lines  together,  carrying 
1  for  every  12  inches. 

Example  1. — Multiply  7  ft.  5  in.  by  3  ft.  4  in. 

4  in.  s  }.  7:5 

3:  4 


22  :  3 
2:5:8 

24  :  8  :  8 

Example  2. — Multiply  262  ft.  5  in.  by  54  ft.  8  in. 

8»{  262    :     5 

54    :      8 


1048  :  270 
1310 

87   :     5:8 
87  :      5:8 


23-^^    ••  * 
12 

14345  :     5:4 
The  same  examples  have  been  used  to  show  the  relative  advantage  of  the  two  methods. 


873.  The  abridgment  of  the  labours  of  practical  men  is  always  a  matter  of  importance  — 
being  identical  with  the  saving  of  time  which  is  lost  in  calculation,  and  which  with  the 
architect  is  of  the  utmost  importance,  when  it  is  recollected  what  multiferious  duties  he 
has  to  discharge.  Hence  we  doubt  not  that  the  following  table  of  squares,  cubes,  and 
roots  of  numbera,  up  to  1000,  will  be  most  acceptable  to  him.  An  inspection  of  the  table 
will  at  once  instruct  him  in  the  method  of  using  it.  The  first  column  shows  the  number, 
the  second  the  square  of  such  number,  the  third  exhibits  its  cube.  In  the  fourth  column 
is  found  the  square  root  of  the  number,  and  in  the  fifth  its  cube  root. 

Thus,  looking  to  the  number  61  in  the  first  column,  we  find  its  square  to  be  3721,  its 
cube  226981,  its  square  root  7-8102497,  and  its  cube  root  3*936497. 

Again,  taking  the  number  784,  we  find  ite  square  to  be  613069,  its  cube  481890304,  ite 
square  root  28,  and  its  cube  root  9*220872.  We  presume  that  we  need  not  ftirther  enlarge 
on  instructions  on  its  use. 
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Na 

1 

Sqiura. 

1 

2 

4 

9 

9 

4 

16 

5 

25 

6 

36 

7 

49 

8 

64 

9 

81 

10 

100 

11 

121 

12 

144 

IS 

169 

14 

196 

15 

225 

16 

256 

17 

289 

18 

324 

19 

361 

20 

400 

21 

441 

22 

484 

2S 

529 

24 

576 

25 

625 

26 

676 

27 

729 

28 

784 

29 

841 

30 

900 

SI 

961 

S2 

1024 

SS 

1089 

S4 

1156 

S5 

1225 

S6 

1296 

37 

1369 

38 

1444 

39 

1521 

40 

1600 

41 

1681 

42 

1764 

43 

1849 

44 

1936 

45 

2025 

46 

2116 

47 

2209 

48 

2304 

49 

2401 

50 

2500 

51 

2601 

52 

2704 

53 

2809 

54 

2916 

55 

3025 

56 

3136 

57 

3249 

58 

3364 

59 

3481 

60 

3600 

61 

3721 

62 

3844 

63 

3969 

CoIml 


Sqoara  Boot. 


1 

8 

27 

64 

125 

216 

343 

512 

729 

1000 

1331 

1728 

2197' 

2744 

3S75 

4096 

4913 

5832 

6859 


8000 

9261 

10648 

12167 

13824 

15625 

17576 

19683 

21952 

24389 

27000 

29791 

32768 

35937 

39304 

42875 

46656 

50653 

54872 

59319 

64000 

68921 

74088 

79507 

85184 

91125 

97336 

103823 

110592 

117649 

125000 

132651 

140608 

148877 

157464 

166375 

175616 

185193 

195112 

205379 

216000 

226981 

238328 

250047 


lO 

1*4142136 

1  -7320508 

2-0 

2*2360680 

2-4494897 

2-6457513 

2-8284271 

3-0 

3-1622777 

3-3166248 

3*4641016 

3*6055513 

3-7416574 

3-8729833 

4*0 

4*1231056 

4*2426407 

4*3588989 

4-4721360 

4*5825757 

4*6904158 

4*7958315 

4*8989795 

5-0 

5-0990195 

5-1961524 

5*2915026 

5-3851648 

5*4772256 

5-5677644 

5-6568542 

5-7445626 

5-8309519 

5*9160798 

6-0 

6-0827625 

6-1644140 

6-2449980 

6-3245553 

6*4031242 

6-4807407 

6-5574385 

6*6332496 

6-7082039 

6*7823300 

6*8556546 

6-9282032 

7-0 

7-0710678 

7-1414284 

7-2111026 

7-2801099 

7-3484692 

7-4161985 

7*4833148 

7-5498344 

7-6157731 

7*6811457 

7-7459667 

7*8102497 

7-8740079 

7-9372539 


CubeRoot. 


1-0 

1  -259921 

1  -442250 

1  -587401 

1  -709976 

1-817121 

1-912933 

2-0 

2-080084 

2-154435 

2*223980 

2-289428 

2-351335 

2-410142 

2-466212 

2*519842 

2-571282 

2-620741 

2-668402 

2-714418 

2*758923 

2*802039 

2-843867 

2*884499 

2-924018 

2-962496 

3-0 

3*036589 

3*072317 

3-107232 

3-141381 

3-174802 

3-207534 

3-239612 

3-271066 

3-301927 

3-332222 

3-361975 

3*391211 

3-419952 

3*448217 

3-476027 

3*503398 

3-530348 

3-556893 

3-583048 

3*608826 

3-634241 

3-659306 

3-684031 

3-708430 

3-732511 

3*756286 

3-779763 

3-802953 

3-825862 

3-848501 

3-870877 

3-892996 

3-914867 

3*936497 

3-957892 

3-979057 


No. 


64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 


Square. 


4096 

4225 

4356 

4489 

4624 

4761 

4900 

5041 

5184 

5329 

5476 

5625 

5776 

5929 

6084 

6241 

6400 

6561 

6724 

6889 

7056 

7225 

7396 

7569 

7744 

7921 

8100 

8281 

8464 

8649 

8836 

9025 

9216 

9409 

9604 

9801 

10000 

10201 

10404 

10609 

10816 

11025 

11236 

11449 

11664 

11881 

12100 

12321 

12544 

12769 

12996 

13225 

13456 

13689 

13924 

14161 

14400 

14641 

14884 

15129 

15376 

15625 

15876 


Cuboi 


262144 

274625 

287496 

300763 

314432 

328509 

343000 

357911 

373248 

389017 

405224 

421875 

438976 

456533 

474552 

493039 

512000 

531441 

551368 

571787 

592704 

614125 

636056 

658503 

681472 

704969 

729000 

753571 

778688 

804357 

830584 

857375 

884736 

912673 

941192 

970299 

1000000 

1030301 

1061208 

1092727 

1124864 

1157625 

1191016 

1225043 

1259712 

1295029 

1331000 

1367631 

1404928 

1442897 

1481544 

1520875 

1560896 

1601613 

1643032 

1685159 

1728000 

1771561 

1815848 

1860667 

1906624 

1953125 

2000376 


Square  Boot 


8*0      4*0 

8*0622577  4-020726 

8*1240384  4*041240 

8*1853528  4*061548 

8-2462113  4*081656 

8-3066239  4-101566 

8-3666003  4*121285 

8-4261498 

8-4852814 

8-5440037 

8-6023253 

8*6602540 

8*7177979 

8-7749644 

8-8317609 

8-8881944 

8-9442719 

9*0 

9-0553851 

9-1104336 

9*1651514 

9*2195445 

9*2736185 

9*3273791 

9*3808315 

9*4339811 

9*4868330 

9*5393920 

9-5916630 

9-6436508 

9-6953597 

9-7467943 

9*7979590 

9*8488578 

9*8994949 

9-9498744 
10*0 

100498756 
10*0995049 
10-1488916 
10-1980390 
10-2469508 
10-2956301 
10*3440804 
10-3923048 
10-4403065 
10*4880885 
10*5356538 
10*5830052 


140818 
160168 
179339 
4*198336 
4*217163 
4-235824 
4-254321 
4*272659 
4-290641 
4-308870 
4-326749 
4*344481 
4-362071 
4-379519 
4*396830 
4*414005 
4*431047 
4-447960 
4-464745 
4-481405 
4-497942 
4*514357 
4-530655 
4-546836 
4-562903 
4-578857 
4*594701 
4-610436 
4*626065 
4*641589 
4*657010 
4-672330 
4-687548 
4*702669 
4-717694 
4-732624 
4*747459 
4*762203 
4-776856 
4-791420 
4-805896 
4*820284 
10-6301458  4*834588 
10*6770783  4-648808 


10-7238053 
10-7703296 


10*8166538  4-890973 
10-8627805  4-904868 


10-9087121 


CttbeBooL 


4-862944 
4*876999 


4*918685 


10-9544512  4*932424 
II-O  4-946088 

11-0453610  4-959675 
11*0905365  4*973190 
11-1355287  4*986631 
11*1803399  5-0 
11*2249722  5*013298 


-Chat.  1. 

ARITHMETIC 

AND  ALGEBRA. 

299 

No. 

127 

Square. 

CObflL 

SqnaraRoot. 

CulMBoot 

No. 
190 

Square. 

Cube. 

Square  Root. 

CubeRoot. 

16129 

2048383 

11-2694277 

5-026526 

36100 

6859000 

13*7840488 

5*748897 

128 

16384 

2097152 

11-3137085 

5-039684 

191 

36481 

6967871 

13-8202750  5-758965 

129 

16641 

2146689 

11-3578167 

5-052774 

192 

36864 

7077888 

13-8564065  5*768998 

130 

16900 

2197000 

11^4017543 

5-065797 

193 

37249 

7189057 

13-8924440  5*778996 

131 

17161 

2248091 

11*4455231 

5-078753 

194 

37636 

7301384 

13  •928388315 -788960 

132 

17424 

2299968 

11-4891253 

5-091643 

195 

38025 

7414875 

13*9642400;5-798890 

133 

17689 

2352637 

11*5325626;5-104469 

196 

38416 

7529536 

14*0 

5-808786 

134 

17956 

2406104  11 -5758369  5-117230 

197 

38809 

7645373 

14-0356688 

5-818648 

135 

18225 

2460375 

11-6189500  5*129928 

198 

39204 

7762392 

14-0712473 

5-828476 

136 

16496 

2515456 

11-6619038;5-142563 

199 

39601 

7880599 

14*1067360 

5-838272 

137 

18769 

2571353 

11-7046999:5-155137 

200 

40000 

8000000 

14  1421356 

5-848035 

138 

19044 

2628072  1 1  -7473444 

5-167649 

201 

40401 

8120601 

14-1774469 

5-857765 

139 

19321 

2685619,11-7898261 

5-180101 

202 

40604 

8242408 

14*2126704 

5-867464 

140 

19600 

2744000 

11*8321596 

5192494 

203 

41209 

8365427 

14-2478068 

5-877130 

141 

19881 

2803221 

11-8743421 

5-204828 

204 

41616 

8489664 

14*2828569 

5-886765 

142 

20164 

2863288 

11-9163753 

5-217103 

205 

42025 

8615125 

14-3178211 

5*896368 

143 

20449 

2924207 

11*9582607 

5-229321 

206 

42436 

8741816 

14-3527001 

5-905941 

144'  20736 

2985984  12-0 

5-241482 

207 

42849 

8869743 

14-3874946 

5-915481 

145 

21025 

3048625  12-0415946 

5-25358S 

208 

43264 

8998912 

14-4222051 

5-924991 

146 

21316 

3112136 

12-0830460 

5-265637 

209 

43681 

9123329 

14-4568323 

5-934473 

147 

21609 

3176523 

12-1243557 

5-277632 

210 

44100 

9261000 

14-4913767 

5-943911 

148 

21904 

3241792 

12-1655251 

5-289572 

211 

44521 

9393931 

14-5258390 

5-953341 

149 

22201 

3307949 

12-2065556 

5*301459 

212 

44944 

9528128 

14-5602198 

5-962731 

150 

22500 

3375000 

12*2474487 

5*313293 

213 

45369 

9663597 

14-5945195 

5-972091 

151 

22801 

3442951 

12-2882Q57 

5-325074 

214 

45796 

9800344 

14-6287388 

5-981426 

152  23104 

351 1808 

12-3288280 

5-336803 

215 

46225 

9938375 

14*6628783 

5-990727 

153  23409 

3581577 

12-3693169 

5-348481 

216 

46656 

10077696 

14-6969385 

6-0 

154  23716 

3652264 

12*4096736 

5*360108 

217 

47089 

10218313 

14-7309199 

6-009244 

155  24025 

3723875 

1 2-4498996 

5*371685 

218 

47524 

10360232 

14-7648231 

6-018363 

156 

24336 

3796416 

12*4899960  5-383213 

219 

47961 

10503459 

14-7986486 

6-027650 

'157 

24649 

3869893 

12-5299641 

5*394690 

220 

48400 

10648000 

14-8323970 

6-036811 

158 

24964 

3944312 

12-5698051 

5*406120 

221 

48841 

10793861 

14*8660687 

6-045943 

159 

25281 

4019679 

12*6095202 

5-417501 

222 

49284 

10941048 

14-8996644 

6  055048 

160 

25600 

4096000 

12-6491106 

5-428835 

223 

49729 

11089567 

14-9331845 

6-064126 

161 

25921 

4173281 

12-6885775 

5-440122 

224 

50176 

11239424 

14*9666295 

6-073177 

162 

26244 

4251528 

12-7279221 

5-451362 

225 

50625 

11390625 

15-0 

6-082201 

163  26569 

4330747 

12-7671453 

5-462556 

226 

51076 

11543176 

15*0332964 

6091199 

164 

26896 

4410944 

12-8062485 

5-473703 

227 

51529 

11697083 

15-066.5192 

6-100170 

165 

27225 

4492125 

12-8452326 

5-484806 

228 

51984 

11852352 

15-0996689 

6-109115 

166 

27556 

4574296 

12-8840987  5-495865 

229 

52441 

12008989 

15-1327460 

6-118032 

167 

27889 

4657463 

12-9228480  5-506879 

230 

52900 

12167000 

15*1657509 

6-126925 

168 

28224 

4741632 

12-9614814 

5*517848 

231 

53361 

12326391 

15*1986842 

6-135792 

169 

28561 

4826809 

13-0 

5*528775 

232 

53824 

12487168 

15-2315462 

6*114634 

170 

28900 

4913000 

13-0384048  5*539658 

233 

54289 

12649337 

15-2643375 

6-153449 

171 

29241 

5000211 

13-0766968  5-550499 

234 

54756 

12812904 

15-2970585 

6*162239 

172 

29584 

5088448 

13*11487705-561298 

235 

55225 

12977875 

15 -.3297097 

6*171005 

173 

29929 

5177717 

13-1529464  5*572054 

236 

55696 

13144256 

15*8622915 

6-179747 

174 

80276 

5268024 

13-1909060  5-582770 

237 

56X69 

13312053 

15*3948043 

6-188463 

175 

30625 

5359375 

13-2287566  5-593445 

238 

56644 

13481272 

15*4272486 

6-197154 

176 

30976 

5451776 

13-2664992 

5-604079 

239 

57121 

13651919 

15-4596248 

6-205821 

177 

31329 

5545233  13-3041347 

5-614673 

240 

57600 

13824000 

15-4919334 

6-214464 

178 

31684 

5639752  13-3416641 

5-625226 

241 

58081 

13997521 

15-5241747 

6-223083 

179 

32041 

5735339 

13-3790882  5-635741 

242 

58564 

14172488 

15-5563492 

6-231678 

180 

32400 

5832000 

13-4164079  5-646216 

243 

59049 

14348907 

15*5884573 

6-240251 

181 

32761 

5929741 

13-4536240 

5-656652 

244 

59536 

14526784 

15-6204994 

6-248800 

182 

33124 

6028568 

13*4907376 

5*667051 

245 

60025 

14706125 

15-6524758 

6-257324 

183 

33489 

6128487 

13-5277493 

5-677411 

246 

60516 

14886936 

15*6843871 

6-265826 

184 

33856 

6229504 

13-5646600 

5-687734 

247 

61009 

15069223 

15-7162336 

6-274304 

185 

34225 

6331625 

13-6014705 

5*698019 

248 

61504 

15252992 

15-7480157 

6-282760 

186 

34596 

6434856 

13-6381817 

5*708267 

249 

62001 

15438249  15*7797338 

6*291194 

187 

34969 

6539203 

13-6747943 

5*718479 

250 

62500 

15625000'l5*8113883 

6*299604 

188 

35344 

6644672 

13*7113092  5-7286541 

251 

63001 

15813251 

15-8429795 

6-307992 

189 

35721 

6751269  13-747727l'5'738794| 

252 

63504 

16003008' 1 5-8745079 

6*316359 

SCO 


•THEORY  OP  ARCHITECTURE. 


Book  II. 


No. 

253 

254 

255 

256 

257 

258 

259 

260 

261 

262 

263 

264 

265 

266 

267 

268 

269 

270 

271 

272 

273 

274 

275 

276 

277 

278 

279 

280 

281 

282 

283 

284 

285 

286 

287 

288 

289 

290 

291 

292 

293 

294 

295 

296 

297 

298 

299 

300 

301 

302 

303 

304 

305 

306 

307 

308 

309 

310 

311 

312 

313 

314 

315 


Square. 


64009 

64516 

65025 

65536 

66049 

66564 

67081 

67600 

68121 

68644 

69169 

69696 

70225 

70756 

71289 

71824 

72361 

72900 

73441 

73984 

74529 

75076 

75625 

76176 

76729 

77284 

77841 

78400 

78961 

79524 

80089 

80656 

81225 

81796 

82369 

82944 

83521 

84100 

84681 

85264 

85849 

86436 

87025 

87616 

88209 

88804 

89401 

90000 

90601 

91204 

91809 

92416 

93025 

93636 

94249 

94864 

95481 

96100 

96721 

97344 

97969 

98596 

99225 


Cube. 


I6I94277 

16387064 

16581375 

16777216 

16974593 

17173512 

17373979 

17576000 

17779581 

17984728 

18191447 

18399744 

18609625 

18821096 

19034163 

19248832 

19465109 

19683000 

19902511 

20123648 

20346417 

20570824 

20796875 

21024576 

21253933 

21484952 

21717639 

2195S0OO 

22188041 

22425768 

22665187 

22906304 

23149125 

23393656 

23639903 

23887872 

24137569 

24389000 

24642171 

94897088 

25153757 

25412184 

25672375 

25934336 

26198073 

26463592 

26730899 

27000000 

27270901 

27543608 

27818127 

28094464 

28372625 

2865S616 

28934443 

29218112 

29503629 

29791000 

30080231 

30.371328 

30664297 

30959144 

31255875 


Square  Root. 


15-9059737 

15-9373775 

15-9687194 

16-0 

16-0312195 

16-0623784 

16-0934769 

16-1245155 

161554944 

16-1864141 

16-2172747 

16-2480768 

16-2788206 

16-3095064 

16-3401346 

16-3707055 

16-4012195 

16-4316767 

16-4620776 

16-4924225 

16-5227116 

16-5529454 

16-5831240 

16-6132477 

16-6433170 

16-6733320 

16-7032931 

16-7332005 

16-7630546 

16-7928556 

16-8226038 

16-8522995 

16-8819430 

16*9115345 

16-9410743 

16-9705627 

17-0 

17-0293864 

17-0587221 

17-0880075 

17-1172428 

17-1464282 

171755640 

1 7 -2046005 

17-2336879 

17-2626765 

17-2916165 

17-3205081 

17-3493516 

17-3781472 

17-4068952 

17-4355958 

17-4642492 

17-4928.';57 

17-5214155 

17-5499288 

17-5783958 

17-6068169 

17-6351921 

17-6635217 

17-6918060 

17-7200451 

17-7482393 


Cube  Root. 


6-324704 

6-333025 

6-341325 

6-349602 

6-357859 

6-366095 

6-374310 

6-382504 

6-390676 

6-398827 

6-406958 

6-415068 

6-423157 

6-431226 

6-439275 

6-447305 

6-455314 

6-463304 

6-471274 

6-479224 

6-487153 

6-495064 

6-502956 

6-510829 

6-518684 

6-526519 

6-534335 

6-542132 

6-549911 

6-557672 

6-565415 

6-573139 

6-580844 

6-588531 

6-596202 

6-603854 

6-611488 

6-619106 

6-626705 

6-634287 

6-641851 

6-649399 

6-656930 

6-664443 

6-671940 

6-679419 

6-686882 

6*694328 

6'701758 

6-709172 

6-716569 

6-723950 

6-731316 

6-738665 

6-745997 

6-753313 

6-760614 

6-767899 

6-775168 

6-782422 

6-789661 

6-796884 

6-804091 


Na 


Square. 


316  99856 

317  100489 

318  101124 

319  101761 

320  102400 

321  103041 

322  103684 
323*104329 
324|  104976 
325 105625 

326  106276 

327  106929 

328  107584 

329  108241 

330  108900 

331  109561 

332  1 10224 

333  110889 

334  111556 
335 1 12225 

336  112896 

337  113569 

338  114244 

339  114921 

340  1 15600 

341  116281 

342  116964 

343  117649 

344  118336 

345  119025 

346  119716 

347  120409 

348  121104 

349  121801 

350  122500 

351  123201 

352  123904 

353  124609 

354  125316 

355  126025 

356  126736 

357  127449 

358  128164 

359  128881 

360  129600 

361  130321 

362  131044 

363  131769 

364  132496 

365  133225 

366  133956 

367  134689 
.368  135424 

369  136161 

370  136900 

371  137641 

372  138384 

373  139129 

374  139876 

375  140625 

376  141370 
377'142129 
378 1 142884 


Cube. 


31554496 

31855013 

32157432 

32461759 

32768000 

33076161 

33386248 

33698267 

34012224 

34328125 

34645976 

34965783 

S5287552 

35611289 

35937000 

36264691 

36594368 

36926037 

37259704 

37595375 

37933056 

38272753 

38614472 

38958219 

39304000 

39651821 

40001688 

40353607 

40707584 

41063625 

41421736 

41781923 

42144192 

42508549 

42875000 

43243551 

43614208 

43986977 

44361864 

44738875 

45118016 

45499293 

45882712 

46268279 

46656000 

47045881 

47437928 

47832147 

48228544 

48627125 

49027896 

49430863 

49836032 

50243409 

50653000 

51064811 

51478848 

51895117 

52313624 

52734375 

53157376 

53582633 

54010152 


Square  Root. 

17-7763888 

17*8044938 

17*8325.'J45 

17-8605711 

17-8885438 

17-9164729 

17-9443584 

17-9722008 

18-0 

18-0277564 

18-0554701 

18-0831413 

18-1107703 

18-1383571 

18-1659021 

18-1934054 

18-2208672 

18-2482876 

18-9756669 

18-3030052 

18-3303028 

18*3575598 

18-3847763 

18-4119526 

18-4390889 

18-4661853 

18-4932420 

18-5202592 

18-5472370 

18-5741756 

18-6010752 

18-6279360 

18*6547581 

18-6815417 

18-7082869 

18-7349940 

18*7616630 

18*7882942 

18-8148877 

18-8414437 

18-8679623 

18-8944436 

18-9908879 

18-9472953 

18-9736660 

19*0 

19-0262976 

19*0525589 

19-0787840 

19*1049732 

19*1311265 

19-1572441 

191833261 

19-2093727 

19-2353841 

19-2613603 

19-2873015 

19*3132079 

19-3390796 

19-3649167 

19-3907194 

19-4164878 

19*4422221 


Cube  Root. 


6-811284 

6-818461 

6-825624 

6*832771 

6-839903 

6-847021 

6-854124 

6-861211 

6-868284 

6-875343 

6-882388 

6-889419 

6-896435 

6-903436 

6-910423 

6-917396 

6-924355 

6-931300 

6*938232 

6-945149 

6*952053 

6*958943 

6*965819 

6*972682 

6-979532 

6-986369 

6*993191 

7-0 

7-006796 

7*013579 

7*020349 

7-O27106 

7*033850 

7t)40581 

7t)47208 

7*054008 

7-060696 

7067S76 

7-074043 

7-080698 

7-087341 

7*093970 

7  100588 

7107193 

7 '11 3786 

7*120367 

7*126935 

7*133492 

7*140037 

7*146569 

7*153090 

7*159599 

7*166095 

7*172580 

7*179054 

7  18551 6 

7*191966 

7-198405 

7*204832 

7*211247 

7*217652 

7*224045 

7-230427 


Cdap.  I. 


AEITHMKTIC  AND  ALGEBRA. 


90i 


No. 


Square. 


Cube. 


379  14S64] 
d80  144400 

381  145161 

382  145924 

383  146689 

384  147456 

385  148225 

386  148996 

387  149769 
3H8  150544 

389  151321 

390  152100 

391  152881 

392  153664 
393154449 
394 1 155236 
395  156025 


396 
397 
398 
399 


156816, 
157609 
158404 
159201 


400  160000 
40J  160801 

402  161604 

403  162409 

404  163216 

405  164025 

406  164836 

407  165649 

408  166464 

409  167281 

410  168100 

411  168921 

412  169744 

413  170569 
414. 171396 

415  172225 

416  173056 

417  173889 

418  174724 
4191175561 
420  176400 
421177241 
422|  178084 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 

,435 
:436 
437 
438 
i439 
|440 
!441 


178929 
179776 
180625 
181476 
182329 
183184 
184041 
184900 
185761 
1 86624 
187489 
188356 
189225 
190096 
190969 
191844 
192721 
193600 
194481 


Square  Boot. 


54439939 

54872000 

55306341 

55742968 

56181887 

56623104 

57066625 

57512456 

57960603 

58411072 

58863869 

59319000 

59776471 

60236288 

60698457 

61162984 

61629875 

62099136 

62570773 

63044792 

63521199 

64000000 

64481201 

64964808 

65450827 

65939264 

66430125 

66923416 

67419143 

67917312 

68417929 

68921000 

69426531 

69934528 

70444997 

70951944 

71473375 

71991296 

72511713 

73034632 

73560059 

74088000 

74618461 

75151448 

75686967 

76225024 

76765625 

77R08776 

77854483 

78402752 

78953589 

79507000 

80062991 

80621568 

pi  182737 

81746504 


19*4679223 

19-4935887 

19-5192213 

19-5448203 

19*5703858 

19-5959179 

19*6214169 

19-6468827 

19-6723156 

19-6977156 

19-7230829 

19-7484177 

19-7737199 

1 9-7989899 

19*8242276 

19-8494332 

19-8746069 

19-8997487 

19-9248588 

19-9499373 

19-9749844 

20-0 

20-0249644 

20-0499377 

20^0748599 

20-0997512 

20-1246118 

20-1494417 

20*1742410 

20-1990099 

20*2237484 

20-2484567 

20-2731349 

20-2977831 

20*3224014 

20-3469899 

20*3715488 

20-3960781 

20-4205779 

20-4450483 

20-4694895 

20-4939015 

20*5182845 

20-5426386 

20-5669638 

20-5912603 

20*6155281 

20-6397674 

20*6639783 

20-6881609 

20*7123152 

20-7364414 

20-7605395 

20-7846097 

20-8086520 

20*8326667 


Cube  Root 


82312875  20*8566536 


7-236797 

7-243156 

7*249504 

7*255841 

7*262167 

7*268482 

7*274786 

7*281079 

7*287362 

7-293633 

7-299893 

7*306143 

7*312383 

7-318611 

7-384829 

7-331037 

7-337234 

7-343420 

7-349596 

7-355762 

7-361917 

7-368063 

7-374198 

7*380322 

7-386437 

7-392542 

7-398636 

7-404720 

7-410794 

7-416859 

7*422914 

7-428958 

7*434993 

7-441018 

7*447033 

7*453089 

7*459036 

7-465022 

7*470999 

7-476966 

7*482924 

7*488872 

7*494810 

7*500740 

7-506660 

7*512571 

7*518473 

7*524365 

7-530248 

7*536121 

7*541986 

7*547841 

7-553688 

7-559525 

7-565353 

7*571173 

7-576984 


82881856 
83453453 
84027672 


No. 


20-8806130  7*582786 


20*9045450 
20-9284495 
8460451 9!20 -9523268 
85184000  20  9761770 
85766121210 


7-588579 
7-594363 
7-600138 
7  605905 
7-611662 


Square. 


442  195364 

443  196249 

444  197136 

445  198025 

446  198916 

447  199809 

448  200704 

449  201601 

450  202500 

451  203401 

452  204304 

453  205209 

454  206116 

455  207025 

456  207936 

457  208849 

458  209764 

459  210681 

460  211600 

461  212521 

462  213444 

463  214369 

464  215296 

465  216225 

466  217156 

467  218089 

468  219024 

469  219961 

470  220900 

471  221841 

472  222784 

473  223729 

474  224676 
475j225625 
476 '226576 


477 

478 

479 

480 

481 

482 

483 

484 

485 

486 

487 

488 

489 

490 

491 

492 

493 

494 

495 

496 

497 

498 

499 

500 

501 

502 

503 


Cube. 


86350888 
86938307 
87528384 
88121125 
88716536 
89314623 
89915393 
90518849 
91125000 
91733851 
92345408 
92959677 
93576664 
94196375 
94818816 
95443993 
96071912 
96702579 
97336000 
97972181 
98611128 
99252847 
99897344 
100544625 
101194696 
101847563 
102508232 


Square  Root. 


21  -0237960 
21-0475652 
21-0713075 
21-0950231 
21-1187121 
21-1423745 
21-1660105 
21-1896201 
21-2132034 
21  -2367606 
21  -2602916 
21-2837967 
21  -3072758 
21  -3307290 
21-3541565 
21-3775583 
21  -4009346 
21-4242853 
21-4476166 
21-4709106 
21  -4941853 
21*5174348 
21  -5406592 
21-5638587 
21  -5870331 


CubeEoot 


7*617411 
7-623151 
7*628883 
7-634606 
7*640821 
7*646027 
7*651725 
7*657414 
7-663094 
7*668766 
7-674430 
7-680085 
7*685732 
7*691371 
7*697002 
7*702624 
7*708238 
7*713844 
7-719442 
7-725032 
7*730614 
7-736187 
7-741753 
7-747310 
7-752860 


21-6101828  7-758402 
21*6333077  7-763936 


1031 61709'21 -656407817 -769462 
103823000  21  -679483417  -774980 


104487111 
105154048 
105823817 
106496424 
107171875 
107850176 
227529  108531333 
228484  109215352 
229441  109902239 
280400  110592000 
231361  111284641 
232324  111980168 
233289  112678587 
234256  113379904 
235225114084125 
236196  114791256 
237169  115501303 
238144  116214272 
116930169 
117649000 
118370771 
119095488 


21*702534417  •7804  90 
21*725561017-785992 
21*7485632  7-791487 


239121 

240100 

241081 

242064 

243049 

244036 

245025 

246016 

247009 

248004 

249001 

250000 

251001 

252004 

253009 


21*7715411 

21  -7944947 

21-8174242 

21*8403297 

21-8632111 

21  -8860686 

21  -9089023 

21-9317122 

21-9544984 

21  -9772610 

22-0 

22-0227155 

22-0454077 

22-0680765 

22-0907220 

22-1133444 

22*1359436 

22-1585198 

22*1810730 


1 19823157  22-2036033 
120553784*22*2261108 


121287375 
122023986 
122763473 
123505992 
124251499 
125000000 


22*2485955 
22*2710575 
22*2934968 
22*3159136 
22*3383079 
22*3606798 


125751501  22*3830293 
126506008  22-4053565 
127263527 


504  254016  128024064 


22-4276615 
22-4499443 


7-796974 

7*802453 

7*807925 

7-813389 

7  818845 

7*824294 

7*829735 

7*835168 

7-840594 

7-846013 

7-851424 

7-856828 

7-862224 

7-867613 

7-872994 

7-878368 

7-883734 

7-889094 

7-894446 

7-899791 

7-905129 

7-910460 

7-915784 

7-921100 

7-926408 

7-931710 

7-937005 

7-942293 

7-947573 

7-952847 

7-958114 


808 


THEORY  OF  AECHITECTURE. 


Book  IL 


Na 


Square 


505  255025 
506,256036 
507257049 
508258064 


Cute. 


128787625 
129554216 


Square  Root. 


22*4722051 
22-4944438 


Cube  Root 


1 30323843  22*51 66605 


131096512  22*5388553 
509259081  ;i  31 872229  22*5610283 
510260100  132651000  22*5831796 

511  261121  133432831 '22-6053091 

512  262144  134217728  22-6274170, 

513  2631 69  1 35005697  22*6495033  8-005205 


963374 

968627 

973873 

979112 

984344 

7*989569 

7*994788 

8-0 


514  264196 

515  265225 

516  266256 

517  267289 

518  268324 

519  269361 

520  270400 

521  271441 

522  272484 


135796744  22*6715681 
136590875  22*69361 14 


8*010403 
8*015595 


139798359  22*7815715 
1 40606000'  22  -8035085 
1 41 420761 122  *8254244 
1 42236648|22 -84731 93 

523  273529  143055667  22*8691933 

524  274576  14387782422 -8910463 

525  275625'14470S125!22 -9128785 

526  2766761 1 45531 576  22  *9346899 


137388096  22-7156334,8-020779 
1 3818841 3^22 -7376340,8 -025957 
138991832*22-7596134  8-031129 

8-036293 
8-041451 
8*046603 
8-051748 
8-056886 
8-062018 
8-067143 
8*072262 


527  277729  146363183  22*9564806  8-077374 


528  278784 
529279641 

530  280900 

531  281961 

532  283024 
533284069 

534  285156 

535  286225 

536  287296 

537  288369 

538  289444 

539  290521 

540  291600 
54l|292681 
542293764 

543  294849 

544  295936 

545  297025 
546:298116 
547299209 
548  300304 
549,301401 
550  302500 


1 471 97952  22  -9782506 

148035889123-0 

1 48877000  23  *021 7289 


149721291 
150568768 
151419437 
152273304 
153130375 
153990656 
154854153 


23-0434372 
23*0651252 
23-0867928 
23-1084400 
23*1300670 
23-1516738 
23*1732605 


1 55720872  23  '1 948270 
1 5659081 9  23-21 63735 


551 
552 
553 
554 


303601 
304704 
305809 
306916 


555  308025 

556  309136 


557 
558 
559 
560 
561 


310249 
311364 
312481 
313600 
314721 


157464000 
158340421 
159220088 
160103007 
160989184 


23-2379001 
23*2594067 
23-2808935 
23-3023604 
23*3238076 


1 61 878625  23-3452351 


162771336 
163667323 
164566592 
165469149 
166375000 
167284151 
168196608 
169112377 
170031464 
170953875 
171879616 


23-3666429 
23-3880311 
23*4093998 
23*4307490 
23*4520788 
23*4733892 
23-4946802 
23-5159520 
23-5372046 
23*5584380 
23*5796522 


562  315844 


1 72808693  23  •6008474 
173741112.23*6220236 
1 74676879  23-6431 808 
1 7561 6000  23-66431 91 


176558481 
177504328 


23*6854386 
23-7065392 


563.31 6969, 1 78453547 123  72762 10 


8-082480 
8-087579 
8-092672 
8-097758 
-102838 
•107912 
•112980 
118041 
*1 23096 
•128144 
•133186 
•138223 
-143253 
-148276 
•153293 
•158304 
•163309 
•168308 
•173302 
■178289 
-183269 
•188244 
•193212 
•198175 
8-203131 
8-208082 
8-213027 
8-217965 
8-222898 
8-227825 
8-232746 
8-237661 
8-242570 
8-247474 
8-252371 
8-257263 


564  31 8096' 1794061 44,23 '7486842  8-262149 

565  31 92251 803621 25  23-76972Q6  8-267029 

566  320356  1 81 321 49623 -7907545  8-271 903 

567  321 489  1 82284263  23*81 1 761 8  8-276772 


No. 


Square. 


568  322624 

569  323761 

570  324900 

571  326041 

572  327184 

573  328829 

574  329476 

575  330625 

576  331776 

577  332929 

578  334084 

579  335241 

580  336400 


Cube; 


581 
582 
583 


337561 
338724 
339889 


584  341056 


183250432 
184220009 
185193000 
186169411 
18714924« 
188132517 
189119224 
190109375 
191102976 
192100033 
193100552 
194104539 
195112000 
196122941 
197137368 
198155287 
199176704 


Square  Root 


585  342223  200201625 
586 '343396  201 230056 


587  344569 

588  345744 
589|346921 
590  348100 
591 1349281 
592  350464 


593 
594 
595 
596 
597 
598 
599 
600 
601 
602 
603 
604 
605 
606 
607 
608 
609 
610 
611 
612 
613 
614 
615 
616 
617 
618 
619 
620 
621 


351649 

352aS6 

354025 

355216 

356409 

357604 

358801 

360000 

361201 

362404 

363609 

364816 

366025 

367236 

368449 

369664 

370881 

372100 

373321 

374544 

375769 

376996 

378225 

379456 

380689 

381 924 

383161 

384400 

385641 


202262008 
203297472 
204336469 


23-8327506 

23-8537209 

23-8746728 

23-8956063 

23-9165215 

23-9374184 

23-9582971 

23-9791576 

24-0 

24-0208243 

24-0416306 

24*0624188 

24-0831892 

24-1039416 

24-1246762 

24-1453929 

24-1660919 

24-1867732 

24-2074369 

24-2280829 

24-2487113 

24-2693222 


CabcRoo 


205379000, 24  -28991 56 
206425071  24*3104916 


207474688 


24-3310501 


208527857,24-351 5913 
209584584j24-.<)721 1 52 
210644875  24*392621 8 
211708736,24-4131112 
2127761 73  24-4335834 


213847192 
214921799 
216000000 


24-4540385 
24-4744765 
24-4948974 


8-281635 

8-286493 

8-891344 

8-296190 

8-301030 

8*305865 

8-310694 

8-315517 

8 -320335 

8-325147 

8  329954 

8^334755 

8-339551 

8*344341 

8-349125 

8-353904 

8-358678 

8-363446 

8-368209 

8-372966 

8-377718 

8-382465 

8-387206 

8-391942 

8-396673 

8-401398 

8-406118 

8  •410832 

8-415541 

8  420245 

8*424944 

8-429638 

8-434327 

8-439009 

8-443687 

8-448360 

8-453027 

8*457689 

8-462347 

8-466999 


225866529.24-6779254 


2 1 7081 801  ;24  -51 5301 3 

21 81 67208  24  -5356883 

21 9256227{24*5560583 

220348864;  24^57641 1 5 

221445125,24^5967478 

22254501 6|24  -61 70673 

223648543  24  -6373700 

224755712  24-6576560,8-471647 

8-476289 
8-480926 
8-485557 
8-490184 
8-494806 
8*499423 
8-504034 
8-508641 
8-513243 
8-517840 
8-522432 


226981000 
228099131 
229220928 
230346397 


24-6981781 
24-7184142 
24-7386338 
24-7588368 


231 475544  24  •7790234 
232608375  24^7991 935 
233744896!24^81 93473 
2348851 1 3  24*8394847 
24-8596058 
24*8797106 


236029032 
237176659 
238328000 
239483061 
240641 848 


24*8997992,8*527018 
24*9198716  8-531600 
24*9399278.8-536177 


622  386884 

6233881 29  241 804367]24*9599679'8*54O749 

624!s89376'242970624  24*9799920  8  54531 7 

625  390625  244140625|25-0  8*549879 

626  391 876|245314376,25*01 99920,8-554437 
627'393129  246491883,25-0399681 ,8558990 
628'394384;2476731 52  25*0599282,8  -563537 
629395641  2488581 89, 25 -0798  724 ,8 -568080 
63o! 396900  250047000  25-0998008,8-572618 


Chap.  I. 


ARITHMETIC  AND  ALGEBRA. 


SOS 


No. 


6S1  S98I61 

632  399424 

633  400689 


634 
635 
636 
637 
638 
639 
640 
641 


401956 
40S225 
404496 
405769 
4O7044 
408321 
409600 
4I0881 


Square  Root 


251239591  25-1197134 
252435968  25*1396102 
2536361 37:251 59491 3 
254840104  251793566 


256047875 
257259456 


25-1992063 
25*2190404 


258474853  25-2388589 


642  412164 


643 

644 

645 

646 

647 

648 

649 

650 

651 

652 

653 

654 

655 

656 

657 

658 

659 

660 

661 

662 

663 

664 

665 

666 

667 

668 

669 

670 

671 

672 


413449 
414736 
416025 
417316 
418609 
419904 
421201 
422500 
423801 
425104 
426409 
427716 
429025 
4S0336 
431649 
432964 
434281 
435600 
436921 
438244 


259694072 
260917119 
262144000 
263374721 
264609288 
265847707 
267089984 
268336125 
269586136 
270640023 
272097792 
273359449 
274625000 
275894451 
277167808 
278445077 
279726264 
281011375 
282300416 
283593393 
284890312 
286191179 
287496000 
288804781 
290117528 


439569291434247 


440896 
442225 
443556 
444889 
446224 
447561 
448900 
450241 
451584 

673  452929 

674  454276 

675  455625 
676:456976 


677 
678 
679 
680 
681 
682 
683 
684 
685 
686 
687 
688 
689 


458329 

459684 

461 041 

462400 

463761 

465124 

466489 

467856 

469225 

470596 

471969 

473344 

474721 


690  476100 

691  {477481 

692  478864 

693  480249 


292754944 

294079625 

295408296 

296740963 

298077632 

299418309 

300763000 

302111711 

%l094o444o 

304821217 

306182024 

S07546875 

308915776 

31028873i3 

311665752 

313046839 

314432000 

315821241 

317214568 

318611987 

320013504 

321419125 

322828856 

324242703 

325660672 

327082769 

328509000 

329939371 

331373888 

332812557 


25-2586619 

25-2784493 

25-2982213 

25-3179778 

25-3377189 

25-3574447 

25-8771551 

25-3968502 

25*4165301 

25-4361947 

25-4558441 

25^754784 

25-4950076 

25*5147016 

25*5342907 

25*5538647 

25*5734237 

25-5929678 

25^124969 

25-6320112 

25-6515107 

25-6709953 

25-6904652 

25-7099203 

25-7203607 

25-7487864 

25-7681975 

25-7875939 

25-8069758 

25-8263431 

25-8456960 

25-8650343 

25-8843562 

25-9036677 

25-9229628 

25-9422435 

25-9615100 

25*9807621 

26-0 

26-0192237 

26-0384331 

26-0576284 

26-0768096 

26-0959767 

26-1151297 

26*1342687 

26-1533937 

26-1725047 

26*1916017 

26-2106848 

26-2297541 

26-2488095 

26-2678511 

26-2868789 

26-3058929 

26-3248932 


Cube  Root 


8-577152 

8-581680 

8*586204 

8*590723 

8*595238 

8-599747 

8^04252 

8-608752 

8-613248 

8-617738 

8-622224 

8-626706 

8«31183 

8-635655 

8-640122 

8-644585 

8*649043 

8*653497 

8*657946 

8-662301 

8-666831 

8-671266 

8-675697 

8-680123 

8-684545 

8-688963 

8-693376 

8^97784 

8-702188 

8-706587 

8-710982 

8-715373 

8-719759 

8.724141 

8*728518 

8-732891 

8-737260 

8-741624 

8-745984 

8-750340 

8-754691 

8-759038 

8-763380 

8-767719 

8*772053 

8-776382 

8-780708 

8*785029 

8-789346 

8*793659 

8*797967 

8-802272 

8-806572 

8-810868 

8-815159 

8-819417 

8-823730 

8-828009 

8-832285 

8-836556 

8-840822 

8-845085 

|8 -849344 


No. 


694 

695 

696 

697 

698 

699 

700 

701 

702 

703 

704 

705 

706 

707 

708 

709 

710 

711 

712 

713 

714 

715 

716 

717 

718 

719 

720 

721 

722 

723 

724 

725 

726 

727 

728 

729 

730 

731 

732 

733 

734 

735 

736 

737 

738 

739 

740 

741 

742 

743 

744 

745 

746 

747 

748 

749 

750 

751 

752 

753 

754 

755 

756 


Sqiure. 


481636 

483025 

484416 

485809 

487204 

488601 

490000 

491401 

492804 

494209 

495616 

497025 

498436 

499849 

501264 

502681 

504100 

505521 

506944 

508369 

509796 

511225 

512656 

514089 

515524 

516961 

518400 

519841 

521284 

522729 

524176 

525625] 

527076 

528529 

529984 

531441 

532900 

534361 

535824 

537289 

538756 

540225 

541696 

543169 

544644 

546121 

547600 

549081 

550564 

552049 

55S536 

555025 

556516 

558009 

559504 

561001 

562500 

504001 

565504 

567009 

568516 

570025 

571536 


Cube. 


334255384 

335702375 

337153536 

338608873 

340068392 

341532099 

343000000 

344472101 

345948408 

347428927 

348913664 

350402625 

351895816 

353393243 

354894912 

356400829 

357911000 

3594S>54S] 

360944128 

362467097 

363994344 

365525875 

367061696 

368601813 

370146232 

371694959 

373248000 

374805361 

376367048 

377933067 

379503424 

381078125 

382657176 

384240583 

385828352 

387420489 

389017000 

390617891 

392223168 

393832837 

395446904 

397065375 

398688256 

400315553 

401947272 

40358341 9 

405224000 

406869021 

408518488 

410172407 

411830784 

413493625 

415160936 

416832723 

418508992 

420189749 

421875000 

423564751 

425259008 

426957777 

428661064 

430368875 

432081216 


Square  Root 


Cube  Root. 


26*3438797 

,26-3628527 

,26-3818119 

26-4007576 

26-4196896 

26-4386081 

26-4575131 

26-4764046 

26-4952826 

26-5141472 

26-5329983 

26-5518361 

26-5706605 

26-5894716 

26-6082694 

26*6270539 

26-6458252 

26*6645833 

26*6833281 

26-7020598 

26-7207784 

26-7394839 

26*7581763 

26*7768557 

26*7955220 

26*8141754 

26*8328157 

26*8514432 

26*8700577 

26*8886593 

26-9072481 

26*9258240 

26*9443872 

26*9629375 

26*9814751 

27  O 

27-0185122 

27-0370117 

27-0554985 

27-0739727 

27-0924344 

27  11 08834 

27-1293199 

27-1477439 

27-1661554 

27-1845544 

27-2029410 

27-2213152 

27-2396769 

27*2580263 

27-2763634 

27-2946881 

27-3130006 

27-3313007 

27-3495887 

27-3678644 

27-3861279 

27-4043792 

27-4226184 

27-4408455 

27-4590604 

27*4772633 

|27*4954542 


8 

8- 


-853596 
•857849 
'862095 
'866337 
•870575 
'874809 
'879040 
883266 
'887488 
'891706 
'895920 
900130 
8*904336 
908538 
8*912736 
8*916931 
8'121121 
8*925307 
8-929490 
8*933668 
8-937843 
8-942014 
8*946180 
8-950343 
8-954502 
8-958658 
8  962809 
8-966957 
8-971100 
8-975240 
8-979376 
8-983508 
8-987637 
8-991762 
8*995883 
9-0 

9O04113 
9008222 
9t)12328 
9t)164S0 
9-020529 
9024623 
9-028714 
9t)32802 
9-036885 
9-040965 
9-045041 
9-049114 
9-053183 
9-057248 
9-061309 
9-065367 
9-069422 
9-073472 
9-077519 
9-081563 
9-085603 
8-089639 
9-093672 
9-097701 
9-101726 
9-105748 
9-109766 


d04 


THEORY  OF  ARCHITECTURE. 


Book  XI. 


No. 


Square. 


757:573049 

7581574564 

759576081 

760  577600 

761 

762 

763 

764 

765 

766 

767 

768 

769 

770 

771 

772 

773 

774 

775 

776 

777 

778 

779 

780 

781 

782 

783 

784 

785 

786 


Cabtt. 


Square  Root. 


433798093  27*5136330 

435519512  27*5317998 

437245479  27*5499546 

438976000  27*5680975 

579121  {44071 1081  27*5862284 

580644;442450728  27*6043475 

5821 69:4441 94947  27  '6224546 

583696  445943744  27*6405499 


585225 
586756 
588289 
589824 
591361 
592900 
594441 
595984 
597529 
599076 
600625 
602176 
603729 
605284 


447697125  27*6586334 
44  9455096  27  6767050 
45121 7663  27-6947648 
452984832  27*7128129 
454756609)27  7308492 
456583000  27  -7488739 
458314011  27*7668868 
460099648,27  -7848880 
461 88991 7  J27 -8028775 
463684824  27  '8208555 
465484375  27*838821 8 
467288576)27  '8567766 
469097433  27*8747197 
47091 0952  27  *892651 4 


606841  472729139 
608400  474552000 
609961  476379541 


611524  478211768 
613089  480048687 
614656  481890304 
616225  483736025 
617796!485587656 
787|61 9369  487443403 

788  620944  489303872 

789  622521  491 1 69069 

790  624100  493039000 

791  625681  494913671 

792  627264  496793088 

793  628849;498677257 

794  630436  500566184 

795  632025:502459875 

796  633616  504358336 

797  635209  506261573 

798  636804  508169592 

799  638401 ;  51 0082399 

800  640000  51 2000000 

801  641601  513922401 

802  643204  515849608 

803  644809  517781627 

804  646416  519718464 

805  648025  521660125 

806  649636  52360661 6 
8071651 249  525557943 


808  652864 

809  654481 

810  656100 

811  6577^1 

812  659344 
813J660969 
8141662596 
815  664225 
81 6j665856 
81 71667489 


527514112 
529475129 
531441000 
533411731 
535387328 
537367797 
539353144 
541313375 
.543338496 


27*9105715 

27*9284801 

27*9463772 

27*9642629 

27*9821372 

28-0 

28t)178515 

28*0356915 

28-0535203 

28*0713377 

28-0891438 

28 '1069386 

28  1247222 

28*1424946 

28  160C557 

28*1760056 

28*1957444 

28*2134720 

28-2311884 

28-2488938 

28-2665881 

28*2842712 

28*3019434 

28*3196045 

28*3372546 

28*3548938 

28  3725219 

28*39t>1391 

28*4077454 

28  4253408 

28*4429253 

28*4604989 

28-4780617 

28*4956137 

28*5131549 

28*5306852 

28-5482048 

28-56571 37  J9'344657 


Cube  Root 


9  113781 
9*117793 
121801 
125805 
129806 
133808 
137797 
141788 
9145774 
9-149757 
9153737 
9157713 
9  161686 
9165656 
9169622 
9*173585 
9*177544 
9181500 
9'1 85452 
9  189401 
9*193347 
9*1 97289 
9*201228 
9*205164 
9-209096 
9-213025 
9*216950 
9*220872 
9-224791 
9*228706 
9-232618 
9*237527 
9-240433 
9*244335 
9-248234 
9*252130 
9*256022 
9*259911 
9*263797 
9-267679 
9*271559 
9*275435 
9*279308 
9*283177 
9*287044 
9*290907 
9*294767 
9*298623 
9*802477 
9*306327 
9*310175 
9*314019 
9*317859 
9*321697 
9*325532 
9-329363 
9 '3331 91 
9*337016 
9*340838 


545338513  28 '58321 1 9  9*348473 
818,669124  54  734 3432'28 '6006993  9-352285 
81 9,670761 1549.353259  28 '61 81 760  9 '.35609.5 


No. 


Square. 


820  672400 

821  674041 

822  675684 

823  677329 

824  678976 

825  680625 

826  682276 

827  683929 

828  685584 

829  687241 
830688900 

831  690561 

832  692224 

833  693889 


Cube. 


834 
835 
836 
837 
838 
839 
840 
841 
842 
843 
844 


695556 

697225 

698896 

700569 

702244 

703921 

705600 

707281 

708964 

710649 

712336 

714025 

715717 

717409 

719104 

720801 

722500 

724201 

725904 

727609 

729316 

731025 

732736 

734449 

736164 

737881 

739600 

741321 

743044 

744769 

746496 

748225 

749956 

751689 

753424 

755161 

756900 

758641 

760384 

762129 

763876 

765625 

767376 

769129 

770884 

772641 

774400 

776161 


845 

846 

847 

848 

849 

850 

851 

852 

853 

854 

855 

856 

857 

858 

859 

860 

861 

862 

863 

864 

865 

866 

867 

868 

869 

870 

871 

872 

873 

874 

875 

876 

877 

878 

879 

880 

881 

8821777924 


551368000 

553387661 

555412248 

557441767 

559476224 

561515625 

563559976 

565609283 

567663552 

569722789 

571787000 

573856191 

575930368 

578009537 

580093704 

582182875 

584277056 

586376253 

588480472 

590589719 

592704000 

594823321 

596947688 

599077107 

601211584 

603351125 

605495736 

607645423 

609800192 

611960049 

614125000 

616295051 

618470208 

620650477 

622835864 

625026375 

627222016 

629422793 

631628712 

633839779 

636056000 

638277381 

640503928 

642735647 

644972544 

647214625 

649461896 

651714363 

653972032 

656234909 

658503000 

660776311 

663054848 

665338617 

667627624 

669921875 

672221376 

674526133 

676836152 

679151439 

681472000 

683797841 

686128968 


Square  Root 


Cube  Root. 


28*6356421  9*859901 
28-6580976  9*363704 
28  •6705424  9*367505 
28  -6879766  9  *S71 302 
28-7054002  9*375096 
28  -72281 32  9  *378887 
2  8  -7402 1 57  9  -382675 
28  -7576077  9  '386460 
28-7749891  9*390241 
28*7923601  9*394090 
28*8097206  9*397796 
28*8270706  9*401569 
28-8444102  9*405338 
28  -861 7394  9  -409I 05 
28-8790582  9*412869 
28*8963666  9*416630 
28*9136646  9^420387 
28*9309523  9*424141 
28-9482297  9-427893 

28  -9654967  9  *431 642 
28-9827535  9*435388 
29-0  9*439130 
29*0172363  9*442870 

29  *0344623  9  *446607 
29*0516781  9-450341 
29  -0688837  9  *45407 1 
29-0860791  9*457799 
29  *1 032644  9  -461 524 
29*1204396  9*465247 
29-1376046  9*468966 
29  -1 547595  9  -472682 
29  -1 71 9043  9  -476395 
29-1 890390  9  4801 06 
29  -2061 637  9  -48381 3 
29-2232784  9*487518 
29  -2403830  9  -491 2 1 9 
29'2574777  9494918 
29-2745623  9498614 
29  -291 6370  9  '502307 
29  *308701 8  9  -505998 
29  '3257566  9  *509685 
29  -342801 5  9  *51 3369 
29-8598365  9*517051 
29*3768616  9*520730 
29  '3938769  9*524406 
29*4108823  9  '528079 


294278779  9-531749 
29444863719*535417 
29 -461 839719 -539081 
29'4788059|9-542743 
29-4957624  9546402 
295127091  9-550058 
29-5296461  9553712 
295465734  9-557363 
29'5634910:9'561010 
29  -5803989;  9  '564655 
29-5972972  9-568297 
29-61 41 858|9-5719d7 
29-631064819-575574 
29*6479325i9-579208 
29-6647939*9-582839 
29-681644219-586468 
29'6984848!9-590093 


I  i«i  .  ■  mm*m»^- 


Chap.  I. 


ARITHMETIC  AND  ALGEBRA. 


SOS 


Kow 


883  779689 

884  781456 
885' 788225 
886  784996 
887i  786769 

888  788544 

889  790321 
890^7921 00 
■891  '793881 
892;795664 
893  797449 


Cube. 


688465387 
690807104 
693154125 
695506456 
697864103 
700827072 
702595369 
704969000 
707347971 
709732288 
712121957 


894  799236;71 451 6984 

895  801025  716917375 

896  802816  719323136 
897!804609,721 734273 
898*806404  724150792 
899*808201  726572699 

900  810000  729000000 

901  !81 1801  731432701 
903J8]  3604J733870808 
903;815409  736314327 

904  817216|73876S264 

905  819025.741217625 

906  82083674367741 6 

907  ;822649j  7461 42643 

908  824464  748613312 

909  826881  751069429 
910'828100  753571000 
91 1  889981  756058031 


Square  Root 


Cube  Root 


912  831744 
913|833569 


758550528 
761048497 
91 4835396;  763551 944 
915|837885,766060875 

916  8S9056  768575296 

917  840889,771095213 

918  848724' 773620632 

919  844561  776151559 

920  846400*778688000 
921 1848841  781229961 
928850084  783777448 

983  851 989  j786Sd0467 

984  853776,788889024 
925'855625|791 453125 
926*  857476  794022776 
927*859389  796597983 
988 ,861 1 84  7991 78752 
929  86S041 J801 765089 
I930  864900  804357000 


931  866761 
9S8|868684 


806954491 
809557568 

933  870489  8181 66237 

934  ,'878356  81 4780504 

935  874885,817400375 
936*876096  820025856 
937,877969  828656953 
958  879844.885893672 

939  881 781  887.036019 

940  883600  830584000 

941  '885481  833837621 


29-7153159  9*593716 
29-7321375  9-597337 
29-7489496  9*600954 
29-7657521 19-604569 
29-7825452|  9-608 181 
29-7993289  9-611791 
29-81 61030*9-61 5397 
29*8328678  9*619001 
29-8496231  9*622603 
29*8663690  9*626201 
29*8831056  9*629797 
29*8998328  9*633390 
29-9165506  9*636981 
29-9332591  9*640569 
29*9499583  9*644154 
29*9666481  9*647736 
29*9833287  9-651316 
30*0  9*654893 
30-0166620  9*658468 
30  03331 48  9  -662040 
30*0499584  9*665609 
30*0665928  9-669176 
30*08321 79  9*672740 
30-0998339  9*676301 
30*1164407  9*679860 
30-1330383  9-683416 
30-1496269  9*686970 
30-1668063  9*690521 
30-1827765  9-694069 
30-1993377  9*697615 
30*8158899  9-701158 
30-8384329  9-704698 
S0*8489669;9  -708236 
30-2654919  9-711772 
30-8880079  9*715305 
30-2985148  9*718835 
30*3150128  9-722363 
30*3315018  9*725888 
30*3479818  9*729410 
30*3644529  9*732930 
30-3809151  9*736448 
30*3973683  9*739963 


30-4138127 
30-4302481 
30-4466747 


9-743475 
9-746985 
9*750493 


30*4630924  9*753998 
30^*79501 3  9-757500 
30*4959014  9*761000 
30-5122926  9-764497 
SO  5286750  9*767992 
30*5450487  9-771484 
30-5614136,9*774974 
30*5777697  9-778461 
30-5941171  !9 -782946 
30*61O4557j9*785428 
30-6267857.9-788908 
dO-6431069;9 -792386 
30-6594194  9-795861 
30-6757233  9-799333 


Na 


942 

943 

944 

945 

946 

947 

948 

949 

950 

951 

952 

953 

954 

955 

956 

957 

958 

959 

960 

961 

962 

963 

964 

965 

966 

967 

968 

969 

970 

97i 

972 

973 

974 

975 

976 

977 

978 

979 

980 

981 

982 

983 

964 

985 

986 

987 

988 

989 

990 

991 

992 

993 

994 

995 

996 

997 

998 

999 


Square. 


887364 
889249 
891136 
893025 
894916 
896809 
898704 
900601 
902500 
904401 
906304 
908209 
910116 
912025 
913936 
915849 
917764 
919684 
921600 
923521 
925444 
927369 
929296 
931225 
933156 
935089 
937024 
938961 
940900 
942841 
944784 
946729 
948676 
950625 
952576 
954529 
956484 
958441 
960400 
962361 
964324 
966289 
968256 
970225 
972196 
974169 
976144 
978121 
960100 
982081 
984064 
966049 
988036 
990025 
992016 
994009 
996004 
998001 
10001000000 


Cube. 


Square  Root. 


835896888  30*6920185 
838561 807 '30*7083051 
841 232384'30*7245830 
843908625,30*7408523 
846590536  30*7571 1 30 
849278123  30*7733651 
851 971392|30*7896086 
854670349 '.  30  8058436 
857375000  30*8220700 
860085351  30*8382879 
862801 408  \  30  8544972 
8655231 77:30*8706981 
868250664  30-8868904 
870983875  30*9030743 
87372281 6 1 30 -91 92497 
876467493  30*93541 66 
879217912  30*9515751 
881 974079,30*9677251 
884736000  30*9838668 
887503681  31  -0 
890277128  31-0161248 
893056347  31  *032241d 


895841344 
898632125 
901 428696 


31  -0483494 
31  -0644491 
31  -0805405 


904231063  31  -0966236 
907039232  31  -1126984 


909853209 
912673000 
915498611 
918330048 


31 
31 
31 
31 


9211167317131 


1287648 
1448230 
1606729 
1769145 
1929479 


31  -2089731 
31  -2249900 
31  -2409987 
31  -2569992 


941192001131 
944076141 131 
94696616831 
949862087  31 
95276390431 
955671625  31 


924010484 
926859375 
929714176 
932574833 
935441 352 jdl  *2729915 
938313739:31  -2889757 
•3049517 
-3209195 
-3368792 
-3528308 
•3687743 
-3847097 
31  -4006369 
31  -41 65561 
31  -4324673 
31  -4483704 
31  4642654 
31*4801525 
31-4960315 
31*5119025 
31  *5277655 
31  -5436206 
31  -5594677 
31  -5753068 
31-5911380 
31*6069613 
31  -6227767 


958585256 
961504803 
964430272 
967361669 
970299000 
973242271 
976191488 
979146657 
982107784 
985074875 
988047936 
991026973 
994011992 
997002999 
1000000000 


Cube  Root 

9*802803 
9-806271 
9-809736 
9*813198 
9*816659 
9*820117 
9-823572 
9*827025 
9*830475 
9*833923 
9-837369 
9*840812 
9*844253 
9*847692 
9*851128 
9*854561 
9*857992 
9*861421 
9*864848 
9*868272 
9*871694 
9*875113 
9*878530 
9*881945 
9*885357 
9*888767 
9-892174 
9*895580 
9*898983 
9*902383 
9*905781 
9*909177 
9-912571 
9*915962 
9*919351 
9-922738 
9*926122 
9*929504 
9*932883 
9*936261 
9*939636 
9-943009 
9*940379 
9-949747 
9*953113 
9-956477 
9-959839 
9-963198 
9-966554 
9*969909 
9-973262 
9-976612 
9-979959 
9*983304 
9*986648 
9*989990 
9*993328 
9*996665 
10*0  I 
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874.  Geometry  u  that  science  which  treats  of  the  relations  and  properties  of  the  boun- 
daries of  either  body  or  space.  The  invention  of  the  science  has  been  referred  to  a  very  re- 
mote period :  by  some,  to  the  Babylonians  and  Chaldeans ;  by  others,  to  the  Egyptians,  who 
are  said  to  have  used  it  for  determining  the  boundaries  of  their  several  lands,  after  the 
inundations  of  the  Nile.  Cassiodorus  says  that  the  Egyptians  either  derived  the  art  from 
the  Babylonians,  or  invented  it  after  it  was  known  to  them.  It  is  supposed  that  lliales, 
who  died  548  b.  c,  and  Pythagoras  of  Samos,  who  flourished  about  520  a.  c,  introduced  it 
from  Egypt  into  Greece.  We  do  not,  however,  consider  it  useful  here  to  enter  into  the 
history  of  the  science  ;  neither  is  it  necessary  to  enter  into  the  reasons  which  have  induced 
us  to  adopt  the  system  of  Rossignol,  from  whom  we  extract  this  section,  otherwise  than  to 
state  that  we  hope  to  conduct  the  student  by  a  simpler  and  more  intelligible  method  to 
those  results  with  which  he  must  be  acquainted. 

The  limits  of  body  or  space  are  surfaces,  and  the  boundaries  of  surfaces  are  lines,  and  the 
terminations  of  lines  are  points.  Bounded  spaces  are  usually  called  solids,  whether  occupied 
by  body  or  not ;  the  subject,  therefore,  is  naturally  divided  into  three  parts,  —  lines,  surfiices, 
and  solids ;  and  these  have  two  varieties,  dependent  on  their  being  straight  or  curved. 

875.  Geometrical  inquiry  is  conducted  in  the  form  of  propositions,  problems,  and  demon- 
strations, being  always  the  result  of  comparing  equal  parts  or  measures.  Now,  the  parts 
compared  may  be  eiUier  lines  or  angles,  or  both ;  hence,  the  nature  of  each  method  should 
be  separately  considered,  and  then  the  united  power  of  both  employed  to  fiualitate  the 
demonstration  of  propositions.     But  the  reader  must  first  understand  the  following 

DEFINITIONS. 

1.  A  solid  is  that  which  has  length,  breadth,  and  thickness.  A  slab  of  marble,  for 
instance,  is  a  solid,  since  it  is  long,  broad,  and  thick. 

2.  A  surfiuMi  is  that  which  has  length  and  breadth,  without  thickness.  A  leaf  of  paper, 
though  not  in  strictness,  inasmuch  as  it  has  thickness,  may  convey  the  idea  of  a  sur&ce. 

3.  A  line  is  that  which  has  length,  but  neither  breadth  nor  thickness.  As  in  the  case  of 
a  surface,  it  is  difficult  to  convey  the  strict  notion  of  a  line,  yet  an  infinitely  thin  line, 
as  a  hair,  may  convey  the  idea  of  a  line  :  a  thread  drawn  tight,  a  straight  line. 

4.  A  point  is  that  which  has  neither  length,  breadth,  nor  thickness.  A  very  fine  grain  of 
sand  may  give  an  idea  of  it. 

5.  If  a  line  be  carried  about  a  point  A,  so  that  its  other  extremity 
passes  firom  B  to  C,  firom  C  to  D,  &c.  {Jig.  223. ),  the  point  B, 
in  its  revolution,  will  describe  a  curve  BCDFGLB.  Hiis 
curve  line  is  called  the  drcumferenee  of  a  circle.  The  eirde  is 
the  space  enclosed  by  this  circumference.  Tlie  point  A,  which, 
in  the  formation  of  the  circle  is  at  rest,  is  called  the  centre. 
The  right  lines  AC,  AD,  AF,  &c.  drawn  from  the  centre  to  the 
circumference,  are  odled  radii,  A  diameter  is  a  right  line  which 
passes  through  the  centre,  and  is  terminated  bo&  ways  by  the 
circumference.  The  line  DAL,  for  example,  is  a  diameter.  An 
arc  is  a  part  of  a  circumference,  as  FG. 

6.  The  circumference  of  a  circle  is  divided  into  360  equal  parts,  called  degreee ;  each  degree 

is  divided  into  60  parts,  called  nttmiles,  and  each  minute  into  60  parts,  called  eecond*. 
Every  circle,  without  relation  to  its  magnitude,  is  supposed  to  be  equally  divided  into 
degrees,  minutes,  and  seconds. 

7.  Two  right  lines  drawn  from  the  same  point,  and  diverging  firom  each  other,  form  an 

opening  which  is  called  an  angle.  An  angle  is  commonly 
expresaed  by  three  letters,  and  it  is  usual  to  place  in  the 
middle  that  letter  which  marks  the  point  whence  the 
lines  diverge;  thus,  we  say  the  angle  BAC  or  DAF 
{Jig.  224.),  and  not  the  angle  ABC  or  ACB. 

8.  Tlie  magnitude  of  an  angle  does  not  depend  on  the  lines 
by  which  it  is  formed,  but  upon  their  distance  from  each 
other.  How  fiur  soever  the  lines  AB,  AC  are  continued,  ^  \ 
the  angle  remains  the  same.  One  angle  is  greater  than 
another  when  the  lines  of  equal  length  by  which  it  is  f>ic-  «<•  ^-  ***• 
formed  are  more  distant.  ITius  the  angle  BAL  {Jig.  223.)  is  greater  than  the  angle 
CAB,  because  the  lines  AB,  AL  are  more  distant  from  each  other  or  include  a  greater 
arc  than  the  lines  AC,  AB.  If  the  legs  of  a  pair  of  compasses  be  a  little  separated, 
an  angle  is  formed ;  if  they  be  opened  wider,  the  angle  becomes  greater ;  if  they  be 
brought  nearer,  the  angle  becomes  less. 


\ 
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I  If  the  point  oT  b  pur  of  coarptmea  be  applied  to  the  point  G  ify.  325.),  mnA  ■  cir- 

cumJerenDe  NRB  be  desciibed,  the  arc  NR  contuned  within  the  two  Imea  GL,  GM 

will  meuure  the  magnitude  of  the  angle  LGM.      If  the  an  NR,  Ibr  example,  be  an 

arc  of  40  degrees,  the  angle  LGM  ia  an  angle  of  40  degreea. 
'.  There  are  three  kinds  of  angles  (Jig.  S36.)'   'right  angle  (I),  which  ■■  an  angle  of  90 

degrees ;  an  oMate  angle  ( 1 1),  which  contains 

more  than  90  degreea  {  and  an  iiaatf  angle 

(III),  which  contain*  leat'thon  90  degrees. 
.   One  line  ia  perptudimlaT  to  another  when 

the  two  ai^lea  it  makea  with  that  other 

line  are  equal;  Ihoa,  the  line  CD  {fig.   - 

2«7.)  ia  perpendieulu- to  the  line  AB,  if  ^™- 

the  angles  CDA,  CDB  contain  «n  eqiul  Dumtier  of  degrees. 
!■   Two  lines  are  paraHei  when  all  peipeiidicular*  drawn  from  one  to  the  other  are  equal ; 

thus,  the  lines  FG,  AB  (j%.  S~"  " 


rallel,  if  all  the  perpendicuUrs  td,  td,  Ac- 
are  eqooL 
■   A  Iringk  a  ■  nir&ce  encloted  by  three 
right  lina,  called  lida  (fy.  3^.}.       An 
efHjUtrnl  triu^le  (I)  is  thai  which  has 

only  two  of  its  ndes  equal  (II)  ;  a  KofciH 

triuigle  (III)  has  its  three  sides  unequaL 

.   A  madnbiltrtd  figure    is  a  Burfue  (oiclosei 

B  qnwlrilatend  figure,  which  has 


I 


by  fbur  right  lines,  which  are  called  its 
oppoute  aide*  parallel ;  thus. 


ni.i».  Fif.  uo. 

if  the  aide  BC  (jfjr.  S30.)  is  parallel  to  the  tide  AD,  and  the  side  AB 
DC,  the  quadrilateral  figure  ABCD  is  called  H  par«llel<^nni. 

16.  A  nctaa^  ia  a  quadrilateral  figure  all  the  angles    ^ 

whereof  are  right  anglo,  as  ABCD  (J^.  231.).         1 1 

1 7.  A  iquart  is  a  quadiiltUenl  figure  whose  udes  are  | 
all  equal  and  iti  onglei  right  angles  (Jfjj.  232.).         a' 'i 

18.  A    trapeiHOM  is   any   quadrilateral    figure   not  a  Pis.iSL. 
parallelogram. 

1 9.  Those  figures  are  equal  which  enclose  an  equal  space ;  thus,  a  circle  and  a  t 
equal,  if  the  space  included  within  the  ^rcumference  of  the  ^ 
circle  be  equal  to  that  contained  in  the  triangle. 

fiO.  Those  figures  are  identical  which  ore  equal  m  all  their  parts ; 
that  is,  which  have  all  their  angles  equsJ  and  their  sides  equal, 
and  enclose  equal  spaces,  as  BAC,  EDG  (j(ir.S33.>  It  is 
manifest  that  two  figures  ore  identical  which,  being  placed 
one  upon  the  other,  perfectly  coincide,  Gir  in  that  case 
they  must  be  equal  io  all  their  parts.  It  must  be  (rt>- 
■erred,  that  a  line  merely  to  expressed  always  denotes  a  right 


□ 


AiioH.     Two  right  lines  a 


It  enclose  a  space ;  that  eat^orjr  requires  at  Icsit  threa 


BT6.   PiorosmoK  1.      The  radii  of  tlit  KuticiTtU  art  attequid. 

The  rerolution  of  the  line  AB  about  the  point  A  {fig.  234. ) 
being  necesaar;  (Defin.  5.)  to  form  the  circle  BCDPGLB,  when 
in  rerolnng  the  point  B  is  upon  the  point  C,  the  whole  line 
AB  must  be  upon  the  line  AC;  otherwise  two  right  Udgs  would 
en^oae  a  space,  which  is  impossible :  wherefiire  the  radius  AC  ia 
equal  to  the  radius  AB.  Jn  like  manner  it  toay  be  proved  that 
tbe  radii  AB,  AF,  AG,  &c.  ore  all  equal  to  AB,  and  are  there. 


ST  7.  Paor.  1 
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n  fme  to  detmbe  a 


tqttitateral  tr 
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Let  AB  (^fig.  2S5.)  be  the  given  line  upon  which  it  is  required  to  describe  a  triangle 
whose  three  sides  shall  be  equal. 

From  the  point  A,  with  the  radius  AB,  describe  the  cir- 
cumference BCD,  and  from  the  point  B,  with  the  radius  BA,  de- 
scribe the  circumference  ACF;  and  from  the  point  C,  where 
these  two  circumferences  cut  each  other,  draw  the  two  right  lines 
CA,  CB.     Then  ACB  is  an  equilateral  triangle. 

For  the  line  AC  is  equal  to  the  line  AB,  because  theA  two 
lines  are  radii  of  the  same  circle 'BCD;  and  the  line  BC  is 
equal  to  the  line  AB,  because  these  two  lines  (Prop.  I.)  are  radii  of  the  same  circle 
ACF.  Wherefore  the  lines  AC  and  BC,  being  each  equal  to  the  line  AB,  are  equal  to  one 
another,  and  all  the  three  sides  of  the  triangle  ACB  are  equal;  that  is,  the  triangle  is 
equilateral. 

878.  Prof.  III.      TriangUi  which  have  two  aidu  and  the  angle  gubtended  or  contaimed  bg 
them  equal  are  xdentieaL 

In  the  two  triangles  BAC,  FDG  (Jig,  236.),  if  the  side  DF  be  equal  to  the  side  AB, 
and  the  side  DG  equal  to  the  side  AC,  and  niao  the  angle  at  D 
equal  to  the  angle  at  A,  the  two  triangles  are  identical. 

Suppose  the  triangle  FDG  placed  upon  the  triangle  BAC  in 
such  manner  that  the  side  DF  fidl  exactly  upon  the  side  equal 
to  it,  AB.  Since  the  angle  D  is  equal  to  the  angle  A,  the  side 
DG  must  fall  upon  the  side  equal  to  it,  AC;  also  the  point  F 
will  be  found  upon  the  point  B,  and  the  point  G  upon  the  point 
C :  consequently  the  line  FG  must  fall  wholly  upon  the  line  BC, 
otherwise  two  right  lines  would  enclose  a  space,  which  is  im- 
possible. Wherefore  the  three  sides  of  the  triangle  FDG  coincide 
in  all  points  with  the  three  sides  of  the  triangle  BAC,  and  the  two  triangles  have  their 
sides  and  angles  equal,  and  enclose  an  equal  space ;  that  is  (Deiin. 
20.),  they  are  identical. 

879.  PaoF.  IV.  In  an  itoaeeke  triangle  the  angles  at  the  hate  are 
equal. 

Let  the  triangle  BAC  {Jig,  237.)  have  its  sides  AB,  AC  equal, 
the  angles  B  and  C  at  the  base  are  also  equaL  Conceive  the 
angle  A  to  be  bisected  by  the  right  line  AD. 

In  the  triangles  BAD,  DAC  the  sides  AB,  AC  are,  by  sup- 
position, equal ;  the  side  AD  is  common  to  the  two  triangles, 
and  the  angles  at  A  are  supposed  equal.     These  two  triangles, 
therefore,  have  two  sides,  and  the  angle  contained  by  them  equal.    Hence,  they  are  identical 
(Prop.  3),  or  have  all  ther  parts  equal :  whence  the  angles  B  and  C  must  be  equal. 

880.  Prop.  V.  Triangles  which  have 
their  three  sides  equal  are  identiad. 

In  the  two  triangles  ACB,  FDG  (Jig, 
238.),  let  the  side  AC  be  equal  to  the 
side  FD,  the  side  CB  equal  to  the  side 
DG,  and  the  side  AB  to  the  side  FG ; 
these  two  triangles  are  identical. 

Let  the  two  triangles  be  so  joined 
that  the  side  FG  shall  coincide  with  the 
ude  AB  (Jig,  239.^,  and  draw  the  right 
line  CD.  Since  m  the  triangle  CAD 
the  side  AC  is  equal  to  the  side  AD, 
the  triangle  is  isooeles ;  whence  (Defin.  1 3.)  the  angles  m  and  n  at  the  base  ore  equal. 

Since  m  the  triangle  CBD  the  side  BC  is  equal  to  the  side  BD,  the  triangle  is  iso* 
sceles;  whence  (Defin.  IS.)  the  angles  r  and  s  at  the  base  are 
equal. 

Because  the  angle  m  is  equal  to  the  angle  n,  and  the  angle  r 
equal  to  the  angle  s,  the  whole  angle  C  is  equal  to  the  whole 
angle  D. 

Lastly,  because  in  the  two  triangles  ACB,  ADB  the  side  AC 
is  equal  to  the  side  AD  and  the  side  CB  equal  to  the  side  DB, 
also  the  angle  C  equal  to  the  angle  D,  these  two  triangles  have  two 
sides,  and  the  contained  angle  equal,  and  are  therefore  (Prop.  3.) 
identical. 

881.  Prop.  VI.      To  divide  a  right  Une  into  two  equal  parts. 
Let  the  right  line  which  it  is  required  to  divide  into  two  equal 

parts  be   AB  (Jig,  240.).     Upon  AB  draw  (Prop.  2.)  the  equi- 
lateral triangle  ADB,  and  on  the  other  side  of  the  same  luie 
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AB  dnw  the  equilateral  triangle  AFB,  draw  also  the  right  line  DF;  AC  is  equal  to 
CB. 

In  the  two  larger  triangles  DAF,  DBF  the  rides  DA»  DB  are  equal,  because  they 
are  the  rides  of  an  equilateral  triangle ;  the  rides  AF,  BF  are  equal  for  the  same  reason  ; 
and  the  ride  DF  is  common  to  the  two  triangles.  These  two  triangles,  then,  have  their  rides 
equal,  and  consequently  (Prop.  5.)  are  idaitical,  or  have  all  their  parts  equal;  where* 
fore  the  two  angles  at  D  are  equal. 

Again,  in  the  two  smaller  triangles  ADC,  CDB  the  ride  DA  is  made  equal  to  the 
ride  DB,  and  the  side  DC  is  common  to  the  two  triangles ;  also  the  two  angles  at  D  are 
equal.  Thus  these  two  triangles  have  two  rides  and  the  contained  angle  equal ;  they  are 
therefore  (Prop.  3.)  identical,  and  AC  is  equal  to  CB  ;  that  is,  AB  is  bisected. 

882.  Paor.  VII.  From  a  given  point  out  of  a  right  line  to  draw  a  perpendicular  to  thai 
Une, 

Let  C  {Jig,  241.)  be  the  point  from  which  it  is  required  to  draw  a  perpendicular  to  the 
Tght  line  AB.  ^ 

From  tiie  point  C  describe  an  arc  of  a  circle  which  shall  cut 
the  line  AB  in  two  points  F  and  G.  Then  bisect  the  line  FG, 
and  to  D,  the  point  of  division,  draw  the  line  CD :  this  line  is 
perpendicular  to  the  line  AB.     Draw  the  lines  CF,  CG. 

In  the  triangles  FCD,  DCG  the  rides  CF,  CG  are  equal,  be- 
cause (Prop.  1.)  they  are  radii  of  the  same  circle;  the  rides  FD 
DG  are  equal,  because  FG  is  bisected ;  and  the  ride  CD  is  com-  ^'  **'* 

mon.  These  two  triangles,  then,  having  the  three  sides  equal,  are  identical  (Prop.  5.). 
'Whence  (Defin.  20.)  the  anfle  CD  A  is  equal  to  the  angle  CDB,  and  consequently  (  Defin. 
11.)  the  line  CD  is  perpendicular  to  the  line  AB. 

88S.  Paor.  VIII.  From  a  given  paint  in  a  right  line  to  raise  a  perpendicular  upon  that 
Bne, 

From  the  point  C  (Jig,  242. ),  let  it  be  required  to  raise  a  perpendicular  upon  the  right 
line  AB. 

In  AB  take  at  pleasure  CF  equal  to  CG  ;  upon  the  line  FG 
describe  an  equilateral  triangle  FDG,  and  draw  the  line  CD ;  this 
line  will  be  perpendicular  to  AB. 

In  the  triangles  FDC,  CDG  the  rides  DF»  DG  are  equal,  be- 
cause they  are  the  rides  of  an  equilateral  triangle ;  the  sides  FC, 
CG  are  equal  by  construction;  and  the  ride  DC  is  common. 
These  two  triangles,  then,  having  the  three  sides  equal,  are  (  Prop. 
5.)  identical.  Therefore  (Defin.  20.)  the  angle  DC  A  is  equal  to  the  angle  DCB,  and 
consequently  (Defin.  11.)  the  line  CD  is  perpendicular  to  the  line  AB. 

884.  Paop.  IX.  The  diameter  of  a  cirde  divide*  the  eireumference  into  two  equal 
partMm 

Let  ADBLA  {fig.  248.)  be  a  circle;  the  diameter  ACB  bisects  the  circumference,  that 
is,  the  arc  ALB  is  equal  to  the  arc  ADB. 

Conceive  the  circle  to  be  divided,  and  the  Wwer  segment 
ACBL A  to  be  placed  upon  the  upper  ACBD A ;  all  the  points 
of  the  arc  ALB  will  firil  exactly  upon  the  arc  ADB ;  and  conse- 
quently tiiese  two  arcs  will  be  equaL 

For  if  the  point  L,  for  instance,  does  not  fiJl  upon  the  arc  ADB, 
it  must  foil  either  above  this  arc,  as  at  G,  or  below  it,  as  at  F. 
If  it  foil  on  G,  the  radius  CL  will  be  grreater  than  the  radius 
CD ;  if  it  fidls  on  F,  the  radius  CL  will  be  less  than  the  radius  CD, 
which  is  (Prop.  1 .)  imposrible.  The  point  L,  then,  must  fidl  upon 
the  arc  ADB.  In  like  nuumer  it  may  be  proved  that  all  the  other  points  of  the  arc  ALB 
most  foU  upon  the  arc  ADB :  those  two  arcs  are  therefore  equal. 

885.  Paop.  X.  A  right  line  which  meete  another  right  line  formt  with  it  two  anglee,  which, 
together,  are  equal  to  two  right  anglee. 

The  line  AC  (^.244.)  meeting  the  line  DF,  and  forming  with 
it  the  two  angles  ACD,  ACF,  thoe  two  angles  are  together  equal 
to  two  right  angles. 

From  the  point  C  as  a  centre  describe  at  pleasure  a  circom- 
fereneeiNGLMN. 

The  line  NCL,  being  a  diameter,  divides  the  circumference 
(Prop.  9.)  into  two  equal  parts.       The  arc  NGL  is  therefore  ^'  •"' 

half  the  circumforence,  which  contains  (Defin.  6.)  180,  or  twice  90  degrees.  Therefore 
the  angles  ACD,  ACF,  which,  taken  together,  are  measured  by  the  arc  NGL, are  twice 
90  degrees,  that  is  (Defin.  10.),  are  equal  to  two  right  angles. 

886.  Paor.  XI.     A  line  drawn  perpendieularfy  to  another  right  Une  mahee  right  anglee 
it. 
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If  the  line  CD  (Jip,  245.)  be  perpendicular  to  the  line  AB,  the  angle  CD  A  is  a  right 
angle,  and  also  the  angle  CDB. 

For  the  line  CD,  meeting  the  line  AB,  forms 
with  it  two  angles,  which  are  together  (Prop. 
10.)  equal  to  two  right  angles;  and  these  two 
angles  are  equal,  beoiuse  CD  is  perpendicular 
to  AB.    Wherefore  each  angle  is  a  right  angle. 

887.  Paor.  XII.  If  two  Unei  etU  mcA  other, 
the  vertical  or  oppotUe  anglu  are  equaL 

Let  the  lines  AB.  DF  0^.246.)  cut  each  '»«•*«•  ^^'^• 

other  at  the  point  C;  the  angles  ACD,  FCB,  which  are  called  vertical  or  opposite 
an^es,  are  equal. 

From  the  point  C,  as  a  centre,  describe  at  pleasure  a  circumference  NGLMN. 

Since  the  line  NCL  is  a  diameter,  the  arc  NGL  is  (Prop.  9.)  half  the  circumference; 
therefore  the  arcs  NGL,  GLM  are  equal.  From  these  two  arcs  take  away  the  common 
part  GL,  there  wiU  remain  the  arc  NG  equal  to  the  arc  LM.  Consequently  the  angles 
ACD,  FCB,  which  are  measured  by  these  two  arcs,  are  also  equal. 

888.  Paor.  XIII.  If  a  line  be  perpendicular  to  one  of  two  parallel  Unes,  it  i*  alao  per-- 
pendicnlar  to  the  other. 

Let  AB,  CD  (Jig.  847.)  be  two  parallel  lines :  if  the  line  FG  makes  right  angles  with 
CD,  it  will  also  make  right  angles  with  AB. 

Take  at  pleasure  GC  equal  to  GD;  at  the  points  C  and  D 
raise  the  perpendiculars  CA,  DB,  and  draw  the  lines  G  A,  GB. 

In  the  two  triangles  ACG,  BDG,  because  the  line  AB  is  pa- 
rallel to  the  line  CD,  the  perpendiculars  CA,  DB  are  necessarily 
equal,  as  appears  from  the  definition  of  parallel  lines  (Defin.  12.) ; 
the  lines  CG,  DG  are  equal  by  construction;  and  the  angles 
C  and  D  are  right  angles.  The  two  triangles  ACG,  BDG  have 
then  two  sides  and  the  contained  anffle  equal,  they  are  therefore 
(Prop.  S.)  identical.  Whence  the  side  GA  is  equal  to  the  side 
GB,  and  the  angle  m  equal  to  the  angle  n. 

Again,  in  the  triangles  AGF,  FGB  the  side  GA  is  equal  to  the  side  GB,  as  has  been 
proved,  and  the  side  GF  is  conunon.  Moreover,  the  angle  r  u  equal  to  the  ansle  «;  for 
if  from  the  two  right  angles  FGC,  FGD  be  taken  away  the  equal  angles  m  ana  n,  Uiere 
will  remain  the  equal  angles  r  and  $.  The  triangles  AGF,  FGB  have  then  two  sides  and 
the  contained  angle  equal;  they  are  therefore  (Prop.  S.)  identical. 
Wherefore  the  angles  GFA,  GFB  are  equal,  and  consequently 
are  right  angles. 

889.  PaoF.  XIV.  If  one  line  be  perpendieular  to  two  other  Unee, 
these  two  Knee  areparaUd. 

Let  the  line  FG  (/ig.  848.)  make  right  angles  with  the  lines 
AB  and  CD ;  these  two  lines  are  parallel. 

If  the  line  AB  be  not  parallel  to  the  line  CD,  another  line, 
as  NH,  may  be  drawn  through  the  point  F,  parallel  to  the  line 
CD.  But  this  is  impossible ;  for  if  the  line  NH  were  parallel  to  the  line  CD,  the  line 
FG  making  right  angles  with  CD  would  also  (Prop.  IS.)  make  right  angles  with  NH ; 
which  cannot  be,  because,  by  suppontion,  it  makes  right  angles  with  AB. 

890.  Paor.  XV.      The  oppoeite  widee  of  a  rectangle  are  paraUd. 
In  the  rectangle  A  BCD  {jig,  249.)  the  side  BC  is  parallel  to 

the  side  AD,  and  the  side  AB  parallel  to  the  side  DC.     Produce 
each  of  the  sides  both  ways. 

'  The  line  AB  is  perpendicular  to  the  two  lines  BC,  AD ;  the 
two  lines  BC,  AD  are  therefore  (Prop.  14.)  parallel.  In  like 
manner,  the  line  AD  is  perpendicular  to  the  two  lines  AB,  DC; 
the  two  lines  AB,  DC  are  Uierefore  (Prop.  14.)  paralleL 

891.  Paor.  XVI.      The  oppoeite  eidee  of  a  rectangie  are  equaL 
In  the  rectangle  ABCD  (see  Jig,  249.)  the  side  AB  is  equal 

to  the  side  DC,  and  the  side  BC  equal  to  the  side  AD.  For,  since  the  side  BC  is  parallel 
to  the  side  AD,  the  perpendiculars  AB,  DC  are  (Defin.  12.)  equal;  and  since  the  side 
AB  is  parallel  to  the  side  DC,  the  perpendiculars  BC,  AD  are  equal. 

892.  Paor.  XVII.  A  right  Bne  /idling  tpon  parattd  Knee  makes  the  ahemate  angles 
equal. 

Let  the  line  FG  (Jig.  25a)  cut  the  parallels  AB,  GD;  the  angles  AFG,  FGD,  which 
are  called  alternate  angles,  are  equal.  From  the  point  G  draw  GL  perpendicular  to  the 
line  AB,  and  from  the  point  F  draw  FM  perpendicular  to  the  line  GD. 

Since  the  line  GL  u  perpendicular  to  A B,  it  is  also  (Prop.  IS.)  perpendicular  to  the 
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pandlel  line  AB.     Whence  the  quadrilateral  figure  GLFM  is  a  rectangle,  its  four  angles 
being  right  angles. 

In  the  triangles  GLF,  FMG  the  sides  LF,  GM  are  equal,  because  they  are  opposite 
rides  of  the  same  rectangle ;   the  rides   LG,  y 

FM  are  equal  for  the  same  reason ;  and  the  ^ — h y    "     a 

ride  FG  is  common.  The  two  triangles 
GLF,  FMG  have  then  the  three  rides  equal, 
and  consequently  (Prop.  5.)  are  identicaL 
Wherefore  the  angle  LFG  opporite  to  the 
ride  LG  is  equal  to  the  angle  FGM  oppo^ 
site  to  the  ride  FM. 

Remark,     In  identical  triangles  the  equal  Fig.s5i>.  fik.  ui. 

angles  are  always  opporite  to  equal  sides,  as  by  this  proportion  appears. 

893.  Paop.  XVIII.  If  ome  right  Une  ftUKng  wpon  t%oo  others  vuihea  the  aUemate  anglee 
eqmai,  theae  two  lines  are  paraBd, 

Let  the  alternate  angles  AFG,  FGD  (^.  851.)  be  equal;  the  lines  AB,  GD  are 
para^L 

If  the  line  AB  is  not  parallel  to  the  line  GD,  another  line,  as  NH,  may  be  drawn 
through  the  point  F  parallel  to  GD.  But  this  is  imposrible;  for  if  the  line  NH  were 
parallel  to  the  line  GD,  the  angle  FGD  would  be  (Prop.  17.)  equal  to  the  angles  NFG, 
since  theae  two  angles  would  be  alternate  angles  between  two 
parallel  lines ;  which  cannot  be,  because,  by  supporition,  the  angle 
FGD  is  equal  to  the  angle  AFG. 

894.  Paor.  XIX.  ^  one  right  Une  falls  tqxm  two  paraBd  right 
Knes,  it  makes  the  interior  angle  equal  to  the  exterior, 

I.«t  the  line  FG  (Jig,  252,)  meet  the  parallel  lines  BA,  DC, 
the  interior  angle  r  is  equal  to  the  exterior  angle  z.  Produce 
the  lines  BA,  DC. 

The  angle  r  (Prop.  17.)  is  equal  to  the  angle  s,  because  these 
are  alternate  angles,  made  by  a  right  line  falling  upon  two 
parallel  lines,  and  the  angles  s  and  z  are  (Prop.  12.)  equal,  be- 
cause they  are  vertical  or  opporite  angles ;  therefore  the  angle  r  is  equal  to  the  angle  x, 

895.  Paor.  XX.  If  one  right  line  faBing  vpon  two  other  rigid  lines  makes  the  internal 
angle  equal  to  the  external,  those  two  lines  are  paraUeL 

Let  the  internal  angle  r  {Jig,  253.)  be  equal  to  the  external 
angle  Zj  the  lines  BA,  DC  are  paralleL 

The  angle  r  is  equal  to  the  angle  z  by  supporition,  and  the 
angle  z  (Prop.  12.)  is  equal  to  the  angle  «,  because  they  are 
opporite  angles.  The  alternate  angles  r,  s  are  therefore  equal, 
and  consequently  (Prop.  18.)  the  lines  BA,  DC  are  parallel. 

896.  Paor.  XXI.  Thro^h  a  given  point  to  draw  a  UneparaUel 
to  a  given  Une, 

Let  G  be  the  point  through  which  it  is  required  to  draw  a  line 
parallel  to  the  given  line  MF. 

From  any  point  G  (Jig.  254.)  describe,  at  pleasure,  the  arc  FN;  from  the  point  F,  in 
which  the  arc  FN  cuts  the  line  MF,  with  the  distance  GF  describe  the  arc  GM  meeting 
the  line  MF  in  M  ;  then  make  FL  ,— — .^ 

equal  to  GM,  and  dnw  the  line  GL ;       m p  / 

this  line  is  parallel  to  the  line  MF. 

Draw  the  line  GF. 

The  arcs  GM,  FL  are  equal  by 
construction ;  therefore  the  alternate 
angles  r,  «,  which  are  measured  by 
these  arcs  (Defin.  9.),  are  equal ;  and 
consequently  (Prop.  18.)  the  lines 
GL>,  MF  are  paralleL 

897.  Paor.  XXII.  The  three  angles  of  a  triangle  taken  together  are  equal  to  two  right 
angles. 

In  the  triangle  'BA.C  (Jig,  255.),  the  three  angles  B,  A,  C  arc  together  equal  to  two  right 
angles. 

Produce  the  ride  BC  both  ways ;  through  the  point  A  draw  a  line  FG  parallel  to  BC ; 
and  from  the  point  A,  as  a  centre,  describe  any  circumference  LMN. 

The  angle  B  (Prop.  17.)  is  equal  to  the  angle  x,  because  these  are  alternate  angles  made 
by  a  right  line  foiling  upon  two  parallel  lines.  For  the  same  reason  the  angle  C  is  equal 
to  the  angle  y. 

Because  LAN  is  a  diameter,  the  arc  LMN  is  half  the  circumforence ;  therefore  the 
three  angles  x.  A,  y,  which  are  measured  by  this  arc,  are  togetlier  equal  to  two  right  angles. 
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But  the  angle  x  is  equal  to  the  alternate  angle  B,  and  the  angle  y  to  the  aUemate 
angle  C. 

Therefore,  substituting  B  for  x,  and  C  for  y,  the  three  angles  B,  A,  C  are  together  equal 
to  two  right  angles. 

Corollary.  Hence,  if  two  angles  of  any  triangle  be  known,  the  third  is  also  found ; 
since  the  third  angle  is  that  which  the  other  two  taken  together  wants  of  two  right 
angles. 

898.  Prop.  XXIII.  ^two  triangke  have  two  angUa  eq%Ml,  they  have  aim  the  third  angle 
equal. 

In  the  two  triangles  BAC,  FDG  {Jig.  256.),  if  the  angle  B  is 
equal  to  the  angle  F,  and  the  angle  A  equal  to  the  angle  D,  the 
angle  C  will  also  be  equal  to  the  angle  G. 

Since  the  angle  C  (Corol.  to  Prop.  32.)  is  that  which  the  angles 
B  and  A  together  want  of  two  right  angles ;  and  since  the  angle 
G  is  that  which  F  and  D  together  want  of  two  right  angles ;  the 
angles  B  and  A  being  equal  to  the  angles  F  and  D,  the  angle  C      b  c 

must  be  equal  to  the  angle  G.  Fte*  SM. 

899.  Paor.  XXIV.  The  exterior  angle  of  any  triangle  i»  equal  to  the  two  interior  and 
opposite  anglee  tahen  together. 

In  the  triangle  BAC  (^/ig.  257.)  produce  one  of  the  sides  BC; 
the  angle  A  CD,  which  is  called  exterior,  is  equal  to  the  two 
interior  and  oppoeite  angles  B  and  A  taken  together. 

The  line  AC  meeting  the  line  BD  forms  with  it  two  angles, 
which  are  together  (Prop.  10.)  equal  to  two  right  angles;  the 
angle  ACB  is  therefore  that  which  the  angle  A  CD  wants  of 
two  right  angles.  But  the  angle  ACB  is  (Corol.  to  Prop.  22.) 
also  that  which  the  angles  B  and  A  tc^ether  want  of  two  right 
angles.  Wherefore  the  angle  A  CD  is  equal  to  the  two  angles 
B  and  A  taken  together. 

900.  Prop.  XXV. 
equal  are  identivaL 

In  the  two  triangles  BAC,  FDG  (Jig.  258.),  if  the  angle  F  is  equal  to  the  angle  B,  the 
angle  G  equal  to  the  angle  C,  and  the  side  FG  equal  to  the  side 
BC,  these  two  triangles  are  identical. 

Conceive  the  triangle  FDG  placed  upon  the  triangle  BAC  in 
such  a  manner  that  the  side  FG  shall  fall  exactly  upon  the  equal 
side  BC.  Since  the  angle  F  is  equal  to  the  angle  B,  the  side  FD 
must  fall  upon  the  side  B  A ;  and  since  the  angle  G  is  equal  to 
the  angle  C,  the  side  GD  must  fall  upon  the  side  CA.  ifiusthe 
three  sides  of  the  triangle  FDG  will  be  exactly  placed  upon  the 
three  sides  of  the  triangle  BAC ;  and  consequently  the  two  tri- 
angles (Prop.  5.)  are  identicaL 

901.  Prop.  XXVI.  If  two  anglee  of  a  triangle  are  equal,  the  mdee  oppoeite  to  thate 
angles  are  also  equal  A 

Conceive  the  angle  A  (i^  259.)  to  be  bisected  by  the  line 
AD. 

In  the  triangles  BAD,  DAC  the  angle  B  is  equal  to  the 
angle  C  by  supposition,  and  the  angles  at  A  are  also  equal. 
These  two  triangles  have  their  two  angles  equal ;  the  third  angle 
will  therefore  (Prop.  2S.)  be  equal;  whence  the  angles  at  D  are 
equaL  Moreover,  the  side  AD  is  conunon  to  the  two  triangles, 
lliese  two  triangles,  therefore,  having  two  angles  and  the  side 
which  lies  between  them  equal,  are  (Prop.  25.)  identical.  Wherefore  themde  AB  is  equal 
to  the  side  AC. 

902.  Prop.  XXVII.      Hie  oppoeite  sides  of  a  paraUdogram  are  equaL 
In  the  parallelogram  ABCD  (Jig.  260.),  the  side  AB  is  equal 

to  the  side  DC,  and  the  side  BC  equal  to  the  side  AD. 

Draw  the  line  BD,  which  is  called  the  diagonal 

Because  BC  is  parallel  to  AD,  the  alternate  angles  m  and  n 
are  equal.  In  like  manner,  because  AB  is  parallel  to  DC,  the 
alternate  angles  r  and  s  are  equal.  Also,  the  side  BD  is  common 
to  the  two  triangles  BAD,  BCD.  These  two  triangles  have  then 
two  angles  and  the  side  which  lies  between  them  equal,  and 
are  therefore  (Prop.  3.)  identical.  Wherefore  the  side  AB  op- 
posite to  the  angle  n  is  (Prop.  26.)  equal  to  the  side  DC  opposite  to  the  angle  m; 
and  the  side  BC  opposite  to  the  ai^gle  s  is  equal  to  the  side  AD  opposite  to  the  equal 
angle  r. 
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CoiioLLART.  Hence,  the  diagonal  biaeets  the  parallelognun ;  fin*  the  triangles  BAD, 
BCD,  having  the  three  sides  equal,  are  identicaL 

903.  Paor.  XXVIII.  PdraUdogranf  which  tart  beiwten  the  tame  parailelt,  and  have  the 
eame  batty  are  equaL 

Let  the  two  parallelograms  ABCD,  AFGD  (Jig.  261.),  be  between  the  same  parallela 
BG,  AM,  and  upon  the  same  base  AD ;  the  space  enclosed 
within  the  parallelogram  ABCD  is  equal  to  the  space  en- 
closed within  the  parallelogram  AFGD. 

In  the  two  triangles  BAF,  CDG  the  side  BA  of  the  former 
triangle  is  equal  to  the  side  CD  of  the  latter,  because  they  are 
opposite  sid^  of  the  same  parallelogram.  For  the  same  reason, 
the  side  FA  is  equal  to  the  side  GD.  Moreover,  BC  is  equal  to 
AD,  because  they  are  opposite  sides  of  the  same  parallelogram. 
For  the  same  reason,  AD  is  equal  to  FG.  BC  is  therefore 
equal  to  FG.  If  to  both  these  CF  be  added,  BF  will  be  equal  to  CG.  Whence  the 
two  triangles  BAF,  CDG,  having  the  three  sides  equal,  are  (l4op.  5.)  identical,  and  con- 
sequently have  equal  sur&ces. 

If  firom  these  two  equal  surfiwes  be  taken  the  small  triangle  CLF,  which  is  common, 
there  will  remain  the  trapezium  ABCL,  equal  to  the  trapezium  LFGD.  To  these  two 
trapezia  add  the  triangle  ALD,  and  the  parallelogram  ABCD  will  be  equal  to  the  paral- 
lelogram AFGD. 

9(H.   Paor.   XXIX.     If  a  triangle  and  a  paraUdogram  are  fipon  the  tame  6a«e,  and 
between  the  uume  paraUele,  the  triangle  it  equal  to  half  the  paral- 
Idogram.. 

Let  the  parallelogram  ABCD  {fig.  26S.)  and  the  triangle 
AFD  be  upon  the  same  base  AD,  and  between  the  same  pa- 
rallels BG,  AL;  the  triangle  AFD  is  half  the  parallelogram 
ABCD.     Draw  DG  parallel  to  AF. 

Because  the  parallelogram  A  FGD  is  bisected  by  the  diagonal 
FD  (Prop.  27.  CotoL),  the  triangle  AFD  is  half  the  paral- 
lelogram AFGD.  But  the  parallelogram  AFGD  is  equal  to 
the  parallelogram  ABCD,  because  these  two  parallelc^pnms  are  upon  the  same  base,  and 
between  the  same  parallels ;  therefore  the  triangle  AFD  is  equal  to  half  the  parallelocnram 
ABCD. 

905.  Paop.  XXX.  Parattdogramt  which  are  between  the  tame  paraUelt,  and  have  equal 
batetf  are  equaL 

Let  the  two  parallelograms  ABCD,  LFGM  (Jig.  263.)  be 
between  the  same  parallels  BG,  AM,  and  have  the  equal  bases 
AD,  LM ;  these  two  parallelograms  are  equal. 

Draw  the  lines  AF,  DG. 

Because  AD  is  equal  to  LM,  and  LM  to  FG,  AD  is  equal 
to  FG ;  and  they  are  parallel  by  construction.  Also  AF  and 
DG  are  parallel ;  for  it  DG  be  not  parallel  to  AF,  another 
line  may  be  drawn  parallel  to  it ;  whence  FG  will  become  "'*  *^* 

greater  or  less  than  AD.     AF  and  AG  are  therefore  parallel,  and  AFGD  a  parallelo- 


Now  the  parallelogram  ABCD  is  (Prop.  28.)  equal  to  the  parallelogram  AFGD, 
because  these  two  parallelograms  are  between  the  same  parallels,  and  have  the  same  base 
AD.  And  the  parallelo^nsm  AFGD  is  equal  to  the  parallelogram  LFGM,  because  these 
two  parallelc^rams  are  between  the  same  parallels,  and  have  the  same  base  FG.  The 
parallelogram  ABCD  is  therefore  equal  to  the  parallelogram  LFGM. 

906.  Paop.  XXXI.  TVianglee  which  are  behveen  the  tame  paraUeltf  and  have  equal  frojes, 
are  equaL 

Let  the  two  triangles  ABD,  LFM  (tee  Jig.  to  preceding  Proposition)  be  between  the  same 
parallel*  BG,  AM,  and  upon  the  equal  bases  AD,  LM  ;  these  two  triangles  are  equaL 

Draw  DC  parallel  to  AB,  and  MG  parallel  to  LF. 

The  two  parallelograms  ABCD,  LFGM  are  equal  (Prop.  30.),  because  they  are  between 
the  same  parallels,  and  have  eoual  bases.  But  the  triangle  ABD  is  (Prop.  29.)  one  half  of 
the  parallelogram  ABCD,  ana  the  triangle  LFM  is  one  half  of  the  parallelogram  LFGM ; 
these  two  triangles  are  therefore  equal. 

907.  Paor.  XXXII.  In  a  right-angled  triangle,  the  tquare  of  the  hgpothenutty  or  tide 
subtending  the  right  angle,  it  equal  to  the  tquaret  of  the  tidet  which  contain  the  right 
angle. 

In  the  triangle  BAC  (Jig,  264.),  let  the  angle  A  be  a  right  angle.  Upon  the  hypo- 
tfacnuse  BC  describe  the  square  BDFC ;  upon  the  side  AB  describe  the  square  ALMB, 
and  upon  the  side  AC  the  square  ARNC ;  the  square  BDFC  is  equal  to  the  two  squares 
ALMB^  ARNC  Uken  together. 
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Draw  the  right  lines  MC,  AD,  and  draw  AG  parallel 
to  BD. 

Becaaae  the  square  or  parallelogram  MLAB  and  the 
triangle  MCB  are  between  the  same  parallels  LC,  MB,  and 
have  the  same  base  MB,  the  triangle  MCB  is  (Prop.  29.) 
equal  to  half  the  square  ALMB. 

Again,  because  the  rectangle  or  parallelogram  DGPB 
and  the  triangle  DAB  are  between  the  same  parallels  GA 
and  DB,  and  have  the  same  base  DB,  the  triangle  DAB  is 
(Prop.  29.)  equal  to  half  the  rectangle  DGBP. 

Further,  since  the  side  MB  of  the  triangle  MBC  and  the 
side  AB  of  the  triangle  ABD  are  sides  of  the  same  square, 
they  are  (Defin.  17.)  equal.  Also,  since  the  side  BC  of  the 
first  triangle  and  the  side  BD  of  the  second  triangle  are  sides  of  the  same  square,  they  are 
equaL  And  because  the  angle  MBC  of  the  first  triangle  is  composed  of  a  right  angle  and 
the  angle  f,  and  the  angle  ABD  of  the  second  triangle  is  composed  of  a  right  angle  and 
the  same  angle  x,  therefore  these  two  angles,  contained  between  the  equal  sides  MB,  BC 
and  AB,  BD,  are  equal.  Wherefore  the  two  triangles  MBC,  ABD,  having  two  sides  and 
the  contained  angle  equal,  are  (Prop.  3.)  id^itical,  and  consequently  equal. 

But  the  triangle  MBC  is  half  the  square  MLAB,  and  the  triangle  ABD  u  half  the 
rectangle  BDGP  ;  the  square  and  the  rectangle  are  therefore  equal. 

In  the  same  manner  it  may  be  demonstrated  that  the  square  ARNC  and  the  rectangle 
CFGP  are  equal.  Wherefore  it  follows  that  the  whole  square  BDFC  is  equal  to  the  two 
squares  MLAB,  ARNC  taken  together. 


2. 

3. 

4. 
5. 


ric.S65. 


CIRCLBS. 

908.  Depimitioms.  —  1.   A  right  line  (Jig.  Prop.  33.  AB)  terminated  both  ways  by  the 
circumference  of  a  circle  is  called  a  chord. 

A  line  (/ig.  Prop.  39.  AB)  which  meets  the  circumference  in  one  point  only  is  called 

a  tangent  ;  and  the  point  T  is  called  the  point  of  contact. 
An  angle  (fig.  Prop.  33.  ABD)  which  h^  its  vertex  in  the  circumference  of  a  circle 

is  called  an  angle  in  the  circle. 
A  part  of  a  circle  confined  between  two  radii  (  fig.  Prop.  34.  ACBFA)  is  called  a  sector. 
A  part  of  a  circle  (fig.  Prop.  35.  AGBDA)  terminated  by  a  chord  is  called  a  ^e^men^ 

ojfa  circle. 

909.  Prop.  XXXIIL      To  draw  the  eireumferenee  of  a  circle  through  three  given  pointe. 
Let  there  be  three  given  points.  A,  B,  D  (fig.  SiSS.)^  through  which  it 

is  required  to  draw  the  circumference  of  a  circle.  Draw  the  right 
lines  AB,  BD,  and  bisect  them :  from  the  points  of  the  division  F,  G, 
raise  the  perpendiculars  BC,  GC ;  and  at  the  point  C  with  the  radius 
C  A  describe  the  circumference  of  a  circle ;  this  circumference  will  pass 
through  the  points  B  and  D.     Draw  the  lines  CA,  CB,  CD. 

In  the  triangles  CFA,  CFB  the  side  FA  is  equal  to  the  side  FB 
by  construction,  the  side  FC  is  common,  and  the  two  angles  at  F  are 
right  angles.     These  two  triangles,  then,  have  two  sides  and  the  angle 
contained  by  tliem  equal ;  they  are  therefore  (Prop.  3.)  identical.     Consequently  the  side 
CB  is  equal  to  the  side  CA. 

For  the  same  reason,  the  triangles  CGB,  CGD  are  also  identicaL  Wherefore  the  side 
CD  is  equal  to  the  side  CB,  and  consequently  equal  to  CA. 

And  since  the  right  lines  CB,  CD  are  equal  to  the  right  line  CA,  it  is  manifest  (Prop.  1.) 
that  the  circumference  which  passes  through  the  point  A  must  also  pass  through  the 
point  D. 

910.  Prop.  XXXIV.      If  a  radius  bisect  a  chordj  it  it  perpendicular  to  that  chord. 
If  the  radius   CF   (fig.    266.)   bisect   the  chord   AB,  the  angles 

CDA,  CDB  are  right  angles.     Draw  the  radii  CA,  CB. 

In  the  triangles  CDA,  CDB  the  sides  CA,  CB,  being  radii,  are  equal 
(Prop.  1.),  the  sides  AD,  DB  are  equal  by  supposition,  and  the  side 
CD  is  common.  These  two  triangles,  having  the  three  sides  equal,  are 
therefore  (Prop.  5.)  identical.  Wherefore  the  angles  CDA,  CDB  are 
equal,  and  consequently  (Prop.  10.)  are  right  angles. 

Corollary.     The  two  angles  at  C  are  also  (Prop.  5.)  equal. 

Hence  it  appears,  that  any  angle  ACB  may  be  bisected  by  describing 
from  its  vertex  C  as  the  centre  with  any  radius  A  C  an  arc  AFB  ;  bisect- 
ing the  chord  of  that  arc  AB ;  and  then  drawing  from  the  point  of  division  D  the  right  line 
CD ;  for  it  may  then  be  shown,  as  in  the  proposition,  that  the  triangles  ACD,  DCB  are 
identical,  and  consequently  the  angles  at  C  equal. 
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91 1 .  Prop.  XXXV.      To  find  the  centre  of  a  eirde. 

Let  the  circle  of  which  it  is  required  to  find  the  centre  be  AGBF.  Draw  any  chord  AB 
(y?^.  267.)  ;  bisect  it,  and  from  the  point  of  divi- 
sion D  raise  a  perpendicular  FG :  this  line  will 
pass  through  the  centre,  and  consequently,  if  it 
be  bisected,  the  point  of  diyislon  will  be  the 
centre. 

If  the  centre  of  the  circle  be  not  in  the  line 
FG,  it  must  be  somewhere  out  of  it ;  for  in- 
stance, at  the  point  L.  But  this  is  impossible, 
for  if  the  point  L  were  the  centre,  the  right  line 
LiM  would  be  a  radius ;  and  since  this  line  bisects 
the  chord  A B,  it  is  (Prop.  34.)  perpendicular  to  AB  ;  which  cannot  be,  since  CD  is  per- 
pendicular to  AB. 

912.  Prop.  XXXVI.      To  find  the  centre  of  an  arc  of  a  circle. 

Let  ABDF  be  the  arc  of  which  it  is  required  to  6nd  the  centre.  Draw  any  two  chords 
AB,  DF  ifig.  268);  bisect  them,  and  from  the  points  of  division  raise  the  perpendiculars 
MQ  LC ;  the  point  C,  in  which  these  two  perpendiculars  cut  each  other,  is  the  centre 
of  the  arc. 

For  (Prop.  35.)  the  perpendicular  MC  and  the  perpendicular  LC  both  pass  through 
the  centre  of  the  same  circle ;  this  centre  must  therefore  be  the  point  C,  which  is  the  only 
point  common  to  the  two  perpendiculars. 

913.  Prop.  XXXVII.  If  three  equal  Une»  meet  in  the  tame  point  within  a  circle,  and  cure 
terminated,  they  are  radii  efthat  cirde. 

The  lines  CA,  CB,  CD  (fiff,  269.),  drawn  from  the  same  point 
C  within  a  circle,  and  terminated  by  it,  being  equal,  the  point  C 
is  the  centre  of  the  circle.  Draw  the  lines  AB,  BD ;  bisect  them, 
and  let  the  points  of  division  be  F,  G ;  and  draw  the  lines  CF, 
CG. 

In  the  triangles  CFA,  CFB,  the  sides  CA,  CB  are  equal  by 
supposition,  the  sides  FA,  FB  are  equal  by  construction,  and 
the  side  CF  is  common.       These  two  triangles,  then,  have  the  Fig.sev. 

three  sides  equal ;  they  are  therefore  (Prop.  5.)  identical.  Wherefore  the  two  angles  at 
F  are  equal,  and  the  line  FC  (Defin.  11.)  is  perpendicular  to  the  chord  AB.  And  since 
this  perpendicular  bisects  the  chord  AB,  it  must  (Prop.  35.)  pass  through  the  centre  of  the 
circle.  In  like  manner,  it  may  be  demonstrated  that  the  Une  GC  also  passes  through  the 
centre.     Wherefore  the  point  C  is  the  centre  of  the  circle,  and  CA,  CB,  CD  are  radii. 

914.  Prop.  XXXVIII.  Jfthe  radiue  of  a  circle  be  perpendicular  to  a  chord,  the  radiue 
bieeete  both  the  chord  and  the  arc  of  the  chord 

Vet  the  radius  CF  be  perpendicular  to  the  chord  AB  (^fig,  270.) ;  the  right  line  AD  is 
equal  to  the  right  line  DB,  and  the  arc  AF  equal  to  the  arc  FB. 
Draw  the  right  lines  CA,  CB. 

In  the  huge  triangle  ACB,  the  side  CA  (Prop.  1.)  is  equal  to 
the  side  CB,  because  they  are  radii  of  the  same  circle.  The  angle 
A  is  (Prop.  4.)  therefore  equal  to  the  angle  B.  The  angles  at  D  are 
right  angles,  and  therefore  equal ;  and  the  angles  at  C  are  conse- 
quently (Prop.  23.)  equal.  Also  the  side  CA  is  equsl  to  the  side 
CB,  and  the  side  CD  is  common.  These  two  triangles,  then,  having 
two  sides  and  the  angle  contained  by  them  equal,  are  (Pn^.  3.) 
identical,  whence  the  side  AD  is  equal  to  the  side  DB.  Again,  since  the  angles  ACF, 
BCF  are  equal,  the  arcs  AB,  BF,  which  measure  these  angles,  are  also  equaL  The  chord 
AB  and  the  are  AFB  are  therefore  bisected  by  the  radius  CF. 

915.  Paop.  XXXIX.  A  right  Une  perpendicular  to  the  extremity  of  a  radiue  is  a  tangent 
to  the  eirde,  ^ 

Let  the  line  AB  (fig.  271.)  pass  through  the  eitremity  of  the 
radius  CT  in  such  a  manner  that  the  angles  CTA,  CTB  shall  be 
right  angles ;  this  line  AB  touches  the  circumference  in  only  one 
point  T.  If  AB  touch  the  circumference  in  any  other  point,  let 
it  be  D,  and  draw  the  line  CD. 

In  the  right-angled  triangle  CTD  the  square  of  the  hypothe- 
nuae  CD  is  equal  to  the  two  squares  of  CT  and  TD  taken  together. 
The  square  of  CD  is  therefore  greater  than  the  square  of  CT,  and 
consequently  the  line  CD  is  greater  than  the  line  CT,  which  is  a 
radius.  Therefore  the  point  D  is  out  of  the  circumference.  And  in  like  manner  it  may  be 
shown  that  every  point  in  the  line  AB  is  out  of  tJie  circumference,  except  T ;  AB  is  there- 
fove  a  tangent  to  the  circle. 

CoROLLAar.     It  follows,  therefore,  that  a  perpendicular  is  the  shortest  line  that  can  be 
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drawn  from  any  point  to  a  given  line ;  since  the  perpendicular  CT  Lb  shorter  than  any  other 
line  which  can  be  drawn  from  the  point  C  to  the  line  AB. 

916.  pHor.  XL.  If  a  right  line  be  drawn  touching  a  eireumferencey  a  radius  drawn  to  ik» 
point  of  contact  will  be  perpendictdar  to  the  tangent. 

Let  the  line  AB  (Jig.  272.)  touch  the  circumference  of  a  circle 
in  a  point  T,  the  ra^us  CT  is  perpendicular  to  the  tangent  AB. 
For  all  other  lines  drawn  from  the  point  C  to  the  line  AB  must 
pass  out  of  the  circle  to  arrive  at  this  line.  The  line  CT  is  there- 
fore the  shortest  which  can  be  drawn  from  the  point  C  to  the  line 
AB,  and  consequently  (Corol.  to  Prop.  39.)  is  perpendicular  to  the 
line  AB. 

91 7.  Paor.  XLI.  The  angle  formed  by  a  tangent  and  chord  is 
measured  by  half  the  are  of  that  chord. 

Let  BTA  (jig.  273.)  be  a  tangent  and  TD  a  chord  drawn  fit>m  the  point  of  contact  T; 
the  angle  ATD  is  measured  by  half  the  arc  TFD,  and  the  angle  BTD  is  measured  by 
half  the  arc  TGD.     Draw  the  radius  CT  to  the  point  of  contact, 
and  the  radius  CF  perpendicular  to  the  chord  TD. 

The  radius  CF  being  perpendicular  to  the  chord  TD  (Prop.  38.) 
bisects  the  arc  TFD.     TF  is  therefore  half  the  arc  TFD. 

In  the  triangle  CM L  the  angle  M  being  a  right  angle,  the  two 
remaining  angles  are  (Prop.  22.)  equal  to  a  right  angle.  Where- 
fore the  angle  C  is  that  which  the  angle  L  wants  of  a  right  angle. 
On  the  other  side,  since  the  radius  CT  is  perpendicular  to  the  tan- 
gent BA,  the  angle  ATD  is  also  that  which  the  angle  L  wants 
of  a  right  angle.  The  angle  ATD  is  therefore  equal  to  the  angle  C.  But  the  angle  C  ia 
measured  by  the  arc  TF,  consequently  the  angle  ATD  is  also  measured  by  the  arc  TF, 
which  is  half  of  TFD.  The  angle  BTD  must  therefore  be  measured  by  half  the  arc  T6D» 
since  these  two  halves  of  arcs  make  up  half  the  circumference.         b  T 

918.  Paor.  XLI  I.  An  angle  at  the  circumference  of  a  eirde  is 
measured  by  half  the  arc  by  which  it  i$  subtended. 

Let  CTD  (Jig.  274.)  be  the  angle  at  the  circumference;  it 
has  for  its  measure  hiUf  the  arc  CFD  by  which  it  is  sub- 
tended. 

Suppose  a  tangent  passing  through  the  point  T. 

Tlie  three  angles  at  T  are  measured  by  half  the  circumference 
(Prop.  22.),  but  the  angle  ATD  is  measured  (Prop.  41.)  by  half 
the  arc  TD,  and  the  angle  BTC  by  half  the  arc  TC ;  conse- 
quently the  angle  CTD  must  be  measured  by  half  the  arc  CFD,  since  these  three  halves  of 
arcs  miake  up  half  the  circumference. 

919.  Paor.  XLIII.  The  angle  at  the  centre  of  a  circle  is  douhie  of  the  angle  at  the  cir-^ 
eumference.  B^ 

Let  the  angle  at  the  circumference  ADB  (Jig.  275.)  and  the 
angle  at  the  centre  ACB  be  both  subtended  by  the  same  arc  AB, 
the  angle  ACB  is  double  of  the  angle  ADB. 

For  the  angle  ACB  is  measured  by  the  arc  AB,  and  the  angle 
ADB  is  (Prop.  42.)  measured  by  half  the  same  arc  A  B ;  the  angle 
ACB  is  therefore  double  of  the  angle  ADB. 

920.  Prop.  XLIV.      Upon  a  given  line,  to  describe  a  segment  ef 
a  circle  containing  a  given  angle. 

Let  AB  (Jig.  276.)  be  the  given  line  and  G  the  given  angle,  it  is  required  to  draw  snoh 
a  circumference  of  a  circle  through  the  points  A  and  B  that  the  angle  D  shall  be  equal  to 
the  angle  G. 

For  this  purpose  draw  the  lines  AL,  BL  in  such  manner 
that  the  angles  A  and  B  shall  be  equal  to  the  angle  G ;  at  the 
extremities  of  LA,  LB  raise  the  perpendiculars  AB,  BC; 
and  from  the  point  C  in  which  these  two  perpendicuku^  cut 
each  other,  with  the  radius  CA  or  CB  describe  the  circum- 
ference ADB ;  the  angle  D  will  be  equal  to  the  angle  G. 

The  angle  LAB,  formed  by  the  tangent  AL  and  the  chord 
AB,  is  (Prop.  41.)  measured  by  half  tibe  arc  AFB ;  and  the 
angle  D  at  the  circumference  is  also  measured  (Prop.  42.)  by  |, 

half  the  are  AFB ;  the  angle  D  is  therefore  equal  to  the  angle  ng.  frs. 

LAB.     But  the  angle  LAB  is  made  equal  to  the  angle  G ;  the  angle  D  is  therefore  equal 
to  the  angle  6. 

921.  Prop.  XLV.  In  every  triangle  the  greater  side  is  opposite  to  the  greater  angle,  and 
the  greater  angh  to  the  greater  side. 

In  the  triangle  ABC  (Jig.  277.),  if  the  side  AB  be  greater  than  the  side  AC,  the  angle 
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C  opponte  to  the  side  AB  will  be  greater  than  the  angle  B  opposite  to  the  tide  AC 
Draw  the  circumibrenoe  of  a  circle  through  the  three  points  A, 
C,  B. 

Since  the  chord  AB  is  greater  than  the  chord  AC,  it  is  manifest 
that  the  are  ADB  is  greater  than  the  arc  AFC ;  and  consequently 
the  angle  at  the  circumference  C,  which  is  measured  (Prop.  42.) 
by  half  the  arc  ADB,  is  greater  than  the  angle  at  the  circumference 
B,  which  is  measured  by  half  the  arc  AFC. 

Again,  if  the  angle  C  is  greater  than  the  angle  B,  the  side  AB 
opposite  to  the  angle  C  will  be  greater  than  the  side  AC  opposite 
to  the  angle  B. 

The  angle  C  is  measured  (Prop.  49.)  by  half  the  arc  ADB,  and  the  angle  B  by  half  the 
arc  AFC.  But  the  angle  C  is  greater  thui  the  angle  B ;  the  arc  ADB  is  therefore  greater 
than  the  arc  AFC,  and  consequently  the  chord  AB  is  greater  than  the  chord  AC. 

9S9.  Paor.  XLVL      Tufo  parallel  chorda  intercept  equal  arcs. 

If  the  two  chords  AB,  CD  (Jig.  278.)  are  parallel,  the  arcs  AC,  BD  are  equal.  Draw 
the  right  line  BC  q/ 

Because  the  lines  AB,  CD  are  parallel,  the 
alternate  angles  ABC,  BCD  are  (Prop.  17.) 
equaL  But  the  angle  at  the  circumference 
BCD  is  measured  (Prop.  42.)  by  half  the 
arc  AC ;  and  the  angle  at  the  circumference 
BCD  is  measured  by  half  the  arc  BD ;  the 
area  AC,  BD  are  therefore  equal 

923.  Paop.  XL  VI  I.  If  a  tangent  and  chord 
beparaiBd  to  eaehother, tkeg  intercept  equal  arce. 

Let  the  tangent  FG  (Jg.  279.)  be  parallel 
to  the  chord  AB ;  the  arc  TA  will  be  equal  to  the  arc  TB.     Draw  the  right  line  TA. 

Because  the  lines  FG,  AB  are  parallel,  the  alternate  angles  FT  A,  TAB  are  (Prop.  17.) 
equal.  But  the  angle  FT  A,  formed  by  a  tangent  and  a  chord,  is  measured  (Prop.  41.)  by 
half  the  arc  TA,  and  the  angle  at  the  circumference  TAB  is  measured  (Prop.  42.)  by  half 
the  are  TB.  The  halves  of  the  arcs  TA,  TB,  and  consequently  the  arcs  themselves,  are 
therefore  equaL 

9S4.  Paop.  XLVIII.  The  angle  formed  by  the  intereeetion  of  two  ehordt  ii  meaeured  by 
half  the  two  aree  intercepted  by  the  two  chord*. 

Let  the  two  chords  AB,  DF  (Jig.  280.)  cut  each  other  at  the  point  Q  the  angle  FCB 
or  ACD  is  measured  by  half  the  two  arcs  FB,  AD.     Draw  AG 
parallel  to  DF. 

Because  the  lines  AG,  DF  are  parallel,  the  interior  and  exterior 
angles  GAB,  FCB  are  (Prop.  19.)  equaL  But  the  angle  at  the 
ctreumference  GAB  is  measured  (Prop.  42.)  by  half  the  arc 
GFB.  The  angle  FCB  is  therefore  also  measured  by  half  the  arc 
GFB. 

Because  the  chords  AG,  DF  are  parallel,  the  arcs  GF,  AD  are 
(Prop.  46.)  equal :  AD  may  therefore  be  substituted  in  the  room 
of  GF;  wherefore  the  angle  FCB  is  measured  by  half  the  arcs  AD,  FB. 

925.  Paop.  XLIX.  Uu  angle  formed  by  two  eecante  i$  meaeured  by  half  the  difference  of 
the  two  intercept  aree. 

Let  the  angle  CAB  (fig.  281.)  be  formed  by  the  two  secants  AC,  AB,  this  angle  b 
measured  by  half  the  difference  of  the  two  arcs  GD,  CB,  inter- 
eepted  by  the  two  secants.     Drew  DF  parallel  to  AC 

Because  the  lines  AC,  DF  are  parallel,  the  interior  and  exterior 
angles  CAB,  FDB  are  (Prop.  19.)  equal.  But  the  angle  FDB  is 
measured  (Prop.  42.)  by  half  the  arc  FB ;  the  angle  GAB  is 
therefore  also  messured  1^  half  the  arc  FB. 

Because  the  chords  GC,  DF  are  parallel,  the  arcs  GD,  CF  are 
(Prop.  46.)  equal ;  the  arc  FB  is  therefore  the  difference  of  the 
are  GD  and  the  arc  CFB.     Where  the  angle  A  has  for  its  mea-  Pig.«i. 

sure  half  the  difference  of  the  arcs  GD,  CFB. 

926.  Paop.  L.  The  angle  formed  by  two  tangente  is  meaeured  by  half  the  difference  ofth* 
two  intereepUd  aree. 

Let  the  angle  CAB  (Jig.  282.)  be  formed  by  the  two  tangents  AC,  AB  ;  this  angle  is 
measured  by  half  the  difference  of  the  two  arcs  GLD,  GFD.     Draw  DF  parallel  to  AC. 

Because  the  lines  AC,  DF  are  parallel,  the  interior  and  exterior  angles  CAB,  FDB  are 
(Prop.  19.)  equal.  But  the  angle  FDB,  formed  by  the  tangent  DB  and  the  chord  DF,  ia 
measured  (Prop.  41.)  by  half  the  arc  FD.  Therefore  the  angle  CAB  is  also  measured  by 
half  the  ans  FD. 
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Because  the  tangent  AC  and  the 
chord  DF  are  parallel,  the  mtcr- 
cepted  arcs  GF  GD  are  (Prop. 
47.)  equal.  The  arc  FD  is  there- 
fore the  difference  between  the  arc 
GLD  and  the  arc  GFD.  There- 
fore the  angle  CAB,  which  is  mea- 
sured by  half  the  arc  FD,  is  also 
measureid  by  half  the  difference  of 
the  arcs  GLD,  GFD. 

CoaoLLART.  In  the  same  way  it  may  be  demonstrated  that  the  angle  formed  by  a  tangent 
ATC  (^fig.  283.)  and  a  secant  ADB  is  measured  by  half  the  tUffeience  of  the  two  inter- 
cepted arcs. 

927.  Paor.  LI.      To  raise  a  perpendietJar  at  the  extremity  of  a  given  Une. 

At  the  extremity  A  (Jig.  284.)  of  the  given  line  A  B  let  it  be  required  to  raise  a  per- 
pendicular. 

From  any  point  C  taken  aboye  the  line  AB  describe  a  circum- 
ference passing  through  the  point  A  and  cutting  the  line  AB  in  any 
other  point,  as  G.  Draw  the  diameter  DG  and  the  right  line  AD; 
this  line  AD  will  be  perpendicular  to  the  line  AB. 

The  angle  DAG  at  the  circumference  is  measured  (Prop.  42.)  by 
half  the  arc  DFG,  which  is  half  the  circumference,  bcK»use  DCG  is 
a  diameter.     The  angle  DAG  is  therefore  measured  by  one  fourth 
part  of  the  circumference,  and  consequently  (Defin.  10.)  is  a  right  angle,  whence  the  line 
AD  is  (Prop.  11.)  perpendicular  to  the  line  AB. 

ConoLLARY.  Hence  it  follows  that  the  angle  at  the  circumference  which  is  subtended 
by  a  diameter  must  be  a  right  angle. 

928.  Pkot.  LII.     From  any  point  without  a  circle  to  draw 
a  tangent  to  that  circle. 

From  the  point  A  {/ig.  285.)  let  it  be  required  to  draw  a 
tangent  to  the  circle  DTB. 

Draw  from  the  centre  C  any  right  line  CA  ;  bisect  this 
right  line,  and  from  the  point  of  division  B,  as  a  centre,  de- 
scribe the  arc  CTA.  Lastly,  from  the  point  A,  and  through 
the  point  T,  in  which  the  two  arcs  cut  each  other,  draw  the 
right  line  AT ;  this  right  line  AT  will  be  a  tangent  to  the 
circle  DTB.     Draw  the  radius  CT. 

The  angle  CTA  at  the  circumference,  being  subtended  by 
the  diameter  CA,  is  (CoroL  to  Prop.  51.)  a  right  angle ;  therefore  the  line  TA  is  perpendi- 
cular to  the  extremity  of  the  radius  CT,  and  consequently  (Prop.  40.)  is  a  tangent  to  the 
circle  DTB. 

euaFAcxs. 

929.  DcFiNrrioKs. — 1.  A  mathematical  point  has  neither  length,  breadth,  nor  thickness. 
The  phgtieal  point,  now  for  consideration,  has  a  supposed  length  and  breadth  exceed- 
ingly small. 

A  physical  line  is  a  series  of  physical  points,  and  consequently  its  breadth  is  equal  to 

that  of  the  physical  points  whereof  it  is  composed. 
Since  physical  lines  are  composed  of  points,  as  numbers  are  composed  of  units,  points 
may  be  called  the  units  of  lines. 
4.  As  to  multiply  one  number  by  another  is  to  take  or  repeat  the  first  number  as  many 
times  as  there  are  units  in  the  second ;  so  to  mnltiply  one  line  by  another  b  to  take  or 
repeat  the  first  line  as  many  times  as  there  are  units,  that  is,  physical  points,  in  the 
second. 

930.  Prop.  LIII.  77ke  surface  of  a  rectangle  is  equal  to  the 
product  of  its  two  sides. 

Let  the  rectangle  be  ABCD  (Jig.  286.).  If  the  physical 
line  AB  be  multiplied  by  the  physical  line  AD,  the  pro- 
duct will  be  the  surfiioe  ABCD. 

If  as  many  physical  lines  equal  to  A  B  as  there  are 
physical  points  in  the  line  AD  be  raised  perpendicularly 
upon  AD,  these  lines  AB,  ab,  &c.  will  fill  up  the  whole 
surface  of  the  rectangle  ABCD.  Wherefore  the  surface 
ABCD  is  equal  to  the  line  AB  taken  as  many  times  as  there  are  physical  points  in  the  line 
AD ;  that  is,  (Defin.  4.)  equal  to  the  line  AB  multiplied  by  the  line  AD. 

931 .  Prop.  LI  V.    The  surface  of  a  triangle  is  equal  to  half  the  product  of  its  altitude  and  frcue. 
If  from  the  vertex  of  any  angle  A  {fig.  287.)  of  the  triangle  BAC  be  drawn  AD,  per- 
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pendicnJar  to  the  opposite  ride  BC,  this  perpendicular  is  called  the  h»ghi^  and  the  ride  BC 
the  haae  of  the  triangle.     Now  the  sur&ce  of  the  triangle  is 
equal  to  half  the  product  of  the  height  AD  and  the  base  BC. 

Produce  BC  both  ways ;  through  the  point  A  draw  FG 
parallel  to  BC,  and  raise  the  two  perpendiculars  BF,  CG. 

Because  the  rectangle  BFGC  and  the  triangle  BAC  are 
between  the  same  parallels,  and  have  the  same  bases,  the  tri- 
angle is  (Prop.  29.)  half  the  rectangle.  But  the  surfoce  of 
the  rectangle  is  equal  (Prop.  53.)  to  the  product  of  BF  and 
BC.  Wherefore  the  surfiu^  of  the  triangle  is  equal  to  half  the 
product  of  BF  and  BC,  that  is,  of  DA  and  CC. 

93S.   Peof.  LV.      To  meamre  the  surface  of  any  rtetUineal  figure. 

Let  ABCDFA  (^.888.)  be  the  rectilineal  figure,  whereof  it  is  required  to  find  the 
suriace. 

DiTide  the  whole  figure  into  triangles  by  drawing  the  lines 
CA,  CF.  Then,  drawing  a  perpendicular  firom  the  point  B 
to  the  ride  C  A,  multiply  these  two  lines ;  the  half  of  their  pro- 
duct will  (Prop.  54.)  give  the  sur&ce  of  the  triangle  ABC. 
In  the  same  manner  let  the  surfiuses  of  the  remaining  triangles  B  i 
ACF,  FCD  be  found.  These  three  surfiioes  added  together 
will  give  the  whole  surfiice  of  the  figure  ABCDFA. 

933.  Paop.  LV  I.  The  area  of  a  circle  U  equal  to  half  the  pro- 
duct  of  its  radius  and  circumference. 

If  the  radius  of  the  circle  C  i,fig,  289.)  be  multiplied  by 
its  circumference,  the  half  of  the  product  will  give  the  surfiwe  of  the  circle. 

Two  phyrical  points  being  manifestly  not  suflScient  to  make  a  curve  line,  thu  must  re- 
quire at  least  three.  If,  therefore,  all  the  phyrical  points  of  a  circumference  be  taken  two 
by  fwo^  these  will  compose  a  great  number  of  small  right  lines.  From 
the  extremities  L,  M  of  one  of  these  small  right  lines  if  two  radii  LC 
MC  be  drawn,  a  small  triangle  LCM  will  be  formed,  the  suiftce  of 
which  will  be  equal  to  half  the  product  of  its  height ;  that  is,  the  radius 
and  its  base. 

To  find  the  surfiice  of  all  the  small  triangles  whereof  the  circle  Lb  com- 
posed, multiply  the  height,  that  is,  the  radius,  by  all  the  bases,  that  is,  by 
the  circumfierence,  and  take  the  half  of  the  product ;  whence  the  area  or 
Mirfiue  of  the  circle  will  be  equal  to  half  the  product  of  the  radius  and 
circumibrence. 

934.  Paor.  LVI  I.      To  draw  a  triangle  equal  to  a  given  eirele. 

Let  it  be  required  to  form  a  triangle  the  surface  of  which  shall  be  equal  to  that  of  the 
circle  AGFDA  (fig,  290.). 

At  the  extremity  of  any  ra- 
dius CA  of  the  circle,  raise  a 
perpendicular  AB  equal  to  the 
circumference  AGFD,and  draw 
the  right  line  CB.  The  sur- 
froe  of  the  triangle  BCA  will 
be  equal  to  that  of  the  circle 
AGFDA.  Fig.t90. 

The  surfiMe  of  the  circle  is  equal  (Prop.  56,^  to  half  the  product  of  the  radius  CA  and 
the  circumference,  or  the  line  AB.  The  surfibce  of  the  triangle  is  also  equal  (Prop.  54.) 
to  half  the  product  of  its  height  CA,  or  radius,  and  its  base  BA,  or  circumference.  There- 
lore  the  surfiice  of  the  triangle  is  equal  to  that  of  the  circle. 


FaopoarioN. 

935.  Dkfivitioks.  —  1 .  The  ratio  of  one  quantity  to  another  is  the  number  of  times  which 
the  first  contains  the  second ;  thus  the  ratio  of  12  to  3  is  four,  because  12  contains 
3  four  times ;  or,  more  universally,  nUio  is  the  comparative  magnitude  of  one  quan- 
tity with  respect  to  another. 

8.  Four  quantities  are  proportional^  or  in  geometrical  proportiout  or  two  quantities  are  said 
to  have  the  same  ratio  with  two  others,  when  the  first  contains  or  is  contained  in  the 
second,  exactly  the  same  number  of  times  which  the  third  contains  or  is  contained  in 
the  fourth ;  thus,  the  four  numbers  6, 3,  8, 4  are  proportionals,  because  6  contains  3  as 
many  times  as  8  contains  4,  and  3  is  contained  in  6  as  numy  times  as  4  is  contained  in 
8,  that  is,  twice ;  which  is  thus  expressed  :  6  is  to  3  as  8  to  4 ;  or  3  is  to  6  as  4  to  8. 

936.  Paop.  LVIIL     Parallelograms  which  are  between  the  same  parallels  are  to  one  an- 
aiker  as  their  hoses. 
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Let  the  two  penUelograms  A  BCD,  FGLM  (/Ig.  291.)  be  between  the  aame  penllels 
BL,  AM,  the  sur&ce  of  the  paraUelogram  A  BCD  contains 
the  suHttce  of  the  parallelogram  FGLM  as  many  times 
exactly  as  the  base  AD  contains  the  base  FM.  Sup- 
pose, for  example,  that  the  base  AD  is  triple  of  the  base 
FM ;  in  this  case  the  surfiue  A  BCD  will  also  be  triple 
of  the  surfiuse  FGLM. 

Divide  the  base  AD  into  three  ports,  each  of  which  is 
equal  to  the  base  FM,  and  draw  from  the  points  of  divi- 
sion the  lines  NP,  RS  parallel  to  the  side  AB. 

The  parallelograms  ABPN,  FGLM  being  between  the  same  parallels  and  having  equal 
bases,  the  parallelogram  ABPN  is  (Prop.  30.)  equal  to  the  parallelogram  FGLM.  For 
the  same  reason,  the  parallelograms  NPSR,  U8CD  are  also  equal  to  the  parallelogram 
FGLM.  The  paraUelogram  A  BCD  is  therefore  composed  of  three  parallelograms,  each 
of  which  is  equal  to  the  parallelogram  FGLM.  Consequently  the  parallelogram  A  BCD 
is  triple  of  the  parallelogram  FGLM. 

937.  pjtop.  LIX.  TrianpUi  which  are  between  the  eame  pandleU  are  to  one  anothtr  as 
their  baeee. 

Let  the  two  triangles  ABC,  DFG  C/S^.  292.)  be  between  the  same  parallels  LF,  AG,  the 
surfiuse  of  the  triangle  ABC  contains  the  surface  of  the 
triangle  DFG  as  many  times  as  the  base  AC  contains  the 
base  DG.  Suppose,  for  example,  that  the  base  AC  is  triple 
of  the  base  DG,  in  this  case  the  sur&ce  ABC  will  be  triple 
of  the  surfrce  DFG. 

Divide  the  base  AC  into  three  equal  parts,  AN,  NR, 
RC,  each  of  which  is  equal  to  the  base  DG,  and  draw  the 
right  lines  BN,  BR. 

The  triangles  ABN,  DFG  being  between  the  same  parallels  and  having  equal  bases,  the 
triangle  ABN  is  (Prop.  31.)  equal  to  the  triangle  DFG.  For  the  same  reason,  the 
triangles  NBR,  RBC  are  each  equal  to  the  triangle  DFG.  The  triangle  ABC  is  there- 
fore composed  of  three  triangles,  each  of  which  is  equal  to  the  triangle  DFG.  Wherefore 
the  triangle  ABC  is  triple  of  the  triangle  DFG. 

938.  Peop.  LX.  If  a  line  he  drawn  in  a  triangle  pmraUel  to  one  ofite  tides,  it  wiU  cut  the 
other  two  tides  proportionally. 

In  the  triangle  BAC  {fig.  293.),  if  the  line  DF  be  parallel  to  the  side  BC,  it  will  cut  the 
other  two  sides  in  such  manner  that  the  segment  AD  wUl  be  to  the 
segment  DB  as  the  segment  A  F  is  to  the  segment  FC.  Suppose,  for 
instance,  the  segment  AD  to  be  triple  of  the  segment  DB,  the  seg- 
ment AF  will  be  triple  of  the  segment  FC.  Draw  the  diagoniUs 
DC,  FB. 

The  triangles  AFD,  DFB  are  between  the  same  parallels,  as  will 
be  easily  conceived  by  supposing  a  line  drawn  through  the  point  F 
parallel  to  the  side  AB.  These  two  triangles  are  therefore  to  one 
another  (Prop.  59.)  as  their  bases;  and  since  the  base  AD  is  triple 
of  the  base  DB,  the  triangle  AFD  will  be  triple  of  the  triangle 
DFB. 

Again,  the  triangles  BFD,  FDC  are  between  the  same  parallels  DF,  BC,  and  upon  the 
same  base  DF.  These  two  triangles  are  therefore  (Prop.  31.)  equal;  and  since  the 
triangle  AFD  is  triple  of  the  triangle  DFB,  it  will  also  be  triple  of  the  triangle  FDC. 

Lastly,  the  triangles  ADF,  FDC  are  between  the  same  parallels,  as  will  be  easily  con- 
ceived by  supposing  a  line  drawn  through  the  point  D  parallel  to  the  side  AC.  These 
two  triangles  are  therefore  to  one  another  (Prop.  59.)  as  their  bases ;  and  since  the  triangle 
ADF  is  triple  of  the  triangle  FDC,  the  base  AF  will  be  triple  of  the  base  FC 

939.  Prop.  LXI.     Equiangttlar  trianglet  htu>e  their  homologous  sides  propoftionaL 
In  the  two  triangles  ABC,  CDF  (Jg.  294.),  if  the   angle  A  be 

equal  to  the  angle  C,  the  angle  B  equal  to  the  angle  D,  and 
the  angle  C  equal  to  the  angle  F;  the  side  AC,  for  example, 
opposite  to  the  angle  B  is  to  the  side  CF  opposite  to  the  angle  D 
as  the  side  AB  opposite  to  the  angle  C  is  to  the  side  CD  opposite 
to  the  angle  F.  Place  the  two  triangles  so  that  the  sides  AC,  CF 
shall  form  one  right  line,  and  produce  the  sides  AB,  FD  till  they 
meet  in  G.  _ 

The  interior  and  exterior  angles  GAF,  DCF  being  equal,  the  ^ 
lines  GA,  DC  are  (Prop.  20.)  parallel.  In  like  manner,  the  alter- 
nate angles  GFA,  BCA  on  the  same  sides  being  equal,  the  lines  GF,  BC  are  (Prop.  20.) 
parallel.  ^  Wherefore  the  quadrilateral  figure  BGDC  is  a  parallelogram,  and  consequently 
its  opposite  sides  are  equal.     In  the  triangle  GAF  the  line  BC,  being  parallel  to  the  side 
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FG,  cuts  (Prop.  60.)  the  other  two  rides  proportionally ;  that  is^  AC  is  to  CP  as  AB  is 
to  BG,  or  its  equal  CD. 

940.  Paof.  LXII.      THaiufles  ihe  tides  of  which  are  proportional  are  equiangtdarn 
In  the  two  triangles   BAC,  FDG  (Jig.  295.),  if  the 

side  AB  is  to  the  side  DP  as  the  ride  BC  is  to  the  side 
FG  and  as  the  ride  AC  to  the  ride  DG,  these  two  tri- 
angles have  their  angles  equal. 

Let  the  ride  AB  be  supposed  triple  of  the  side  DP ; 
the  ride  AC  must  be  triple  of  the  ride  DG,  and  the  ride 
BC  triple  of  the  ride  FG. 

If  the  triangle  FDG  be  not  equiangular  with  the  tri- 
angle BAG,  another  triangle  may  be  formed  equiangular 
with  it;  for  example,  FLG.  But  this  is  imposrible; 
for  if  the  two  triangles  BAC,  FLG  were  equiangular,  their  rides  would  be  (Prop.  61.) 
proportional ;  and  BC  being  triple  of  FG,  AB  would  be  triple  of  LP.  But  AB  is  triple 
of  DP;  whence  LF  would  be  equal  to  DF.  For  the  same  reason,  LG  would  be  equal 
to  DG.  Thus,  the  two  triangles  FLG,  FDG,  having  their  three  rides  equal,  would  be 
(Prop. 5.)  identical;  which  is  absurd,  since  their  angles  are  unequaL 

941.  Paor.  LXIII.      TriangUe  which  have  an  angle  in  one  equal  to  an  angle  in  the  other, 
and  the  sidee  about  these  angUe  proportional^  are  equiangular. 

If  in  the  two  triangles  BAC,  NMP  (fig.  S96.)  the  angle  A  be  equal  to  the  angle  M, 
and  the  ride  AB  be  to  the  ride  MN  as  the  ride  AC  is 
to  the  ride  MP,  the  two  triangles  are  equiangular. 

If  AB  be  triple  of  MN,  AC  must  be  triple  of  MP. 
Now,  if  the  angle  MNP,  for  example,  is  not  equal  to 
the  angle  ABC,  another  angle  may  be  made,  as  MNR, 
which  shall  be  equal  to  it.  But  this  is  imposrible ;  for 
the  two  triangles  BAC,  NMR,  having  two  angles  equal, 
would  be  equiangular,  and  consequently  (Prop.  61.) 
would  have  their  rides  proportional ;  wherefore,  A 13 
twing  triple  of  MN,  AC  woidd  be  triple  of  MR,  which 
cannot  be,  since  AC  is  triple  of  MP. 

942.  Paop.  LXIV.     A  right  Kne  which  hieeete  any  angle  of  a  triangle  divides  the  side 
opposite  to  the  bisected  angle  into  two  segments,  which  are  proportional  to  the  two  other  sides. 

In  the  triangle  BAC,  let  the  angle  BAC  be  bisected  by  the  right  line  AD,  making  the 
angle  r  equal  to  the  angle  «.     The  segment   BD  is  to  the  segment 
DC  as  the  ride  BA  to  the  ride  AC. 

Produce  the  ride  BA,  and  draw  CF  parallel  to  DA. 

The  lines  DA,  CF  being  parallel,  the  intoior  and  exterior  angles 
r,  F  axe  (Prop.  1 9.)  equal,  and  the  alternate  angles  «,  C  are  (Prop.  17.) 
also  equfld.  And  since  the  angle  r  is  equal  to  the  angle  «,  the  angle  F 
will  also  be  equal  to  the  angle  C ;  and  consequently  the  ride  AF  is 
equal  to  the  ride  AC. 

In  the  triangle  BFC,  the  line  AD  being  parallel  to  the  ride  PC; 
BD  (Prop.  60.>  will  be  to  DC  as  B A  is  to  A F,  or  its  equal  AC. 

943.  Paor.  LXV.      To  find  a  fourth  proportional  to  three  given  Knes.  Fte.tgr. 
Let  the  three  lines  be  A,  B,  C  (Jig.  298.),  it  is  required  to  find  a  fourth  line  D,  such 

that  the  line  A  shall  be  to  the  line  B  as  the  line  C  is  to  ^ 

the  line  D. 

Form  any  angle  RFG,  make  FM  equal  to  the  line 
A,  MG  equal  to  the  line  B,  and  FN  equal  to  the  line 
C ;  draw  the  right  line  MN,  and  through  the  point  G 
draw  GL  puallel  to  MN ;  NL  will  be  the  fourth  pro- 
portional  required. 

In  the  triangle  FLG  the  line  NM,  being  parallel  to 
the  ride  LG,  cuts  the  other  two  rides  (Prop.  6a)  propor-  n^sss. 

tiooally.     Wherefore  FM  is  to  MG  asFNistoNL;  thatis,AistoBasCiatoD. 

944.  Paop.  LXVI.      lb  find  a  third  proportional  to  two  given  Unes. 
Let  the  two  lines  be  A,  B  (fig.  299.),  it  is  required  to      a 

find  a  third  line  C,  such  that  the  line  A  shall  be  to  the 
line  B  as  the  line  B  is  to  the  line  C. 

Form  any  angle  LFG,  make  FM  equal  to  the  line  A, 
HG  equal  to  the  line  B,  and  FN  equal  to  the  line  B ; 
draw  the  right  line  MN,  and  through  the  point  G  draw 
GL  parallJ^to  MN;  NL  will  be  the  third  proportional 
lequxred. 

Jo  the  triangle  FLG  the  line  NM,  being  parallel  to  the  side  LG,  cuts  the  other  two 
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rides  (Prop.  60.)  proportionally.  Wherefore  FM  is  to  MG  as  FN  is  to  NL;  that  i«,  A 
is  to  B  as  B  is  to  C. 

945.  Prop.  LXVII.  Tjf/oKr  Unea  Uproportimd^  the  rectangle  or  product  of  the  extremee 
it  equal  to  the  rectangle  or  product  of  ihe  hmciim. 

Let  the  line  A  be  to  the  line  B  as  the  line  C  u  to  the  line  D  (^Jig.  300.) ;  the  rectangle 
formed  by  the  lines  A  and  D  is  equal  to  the  rectangles  formed 
by  the  lines  B  and  C. 

Let  the  four  lines  meet  in  a  common  point,  forming  at  that 
point  four  right  angles ;  and  draw  the  lines  parallel  to  them  to 
complete  the  rectangles  jr,  y,  z. 

If  the  line  A  be  triple  of  the  line  B,  the  line  C  will  be  triple 
of  the  line  D.  SjrsooT 

The  rectangles  or  parallelograms  x,  z  being  between  the  same 
parallels,  are  to  one  another  as  their  bases.  Since  the  base  A  is  triple  of  the  base  B,  the 
rectangle  x  is  triple  of  the  rectangle  z.  In  like  manner,  the  rectangles  or  parallelcqpwms 
y,  s,  being  between  the  same  parallels,  are  to  one  another  as  their  bases :  since  the  base 
C  is  triple  of  the  base  D,  the  rectangle  y  is  therefore  triple  of  the  rectangle  z.  Where- 
fore, the  rectangle  x  being  triple  of  the  rectangle  z,  and  the  rectangle  y  being  triple  of  the 
same  rectangle  «,  these  two  rectangles  x  and  y  are  equal  to  one  another. 

946.  Paor.  LXVIII.  Four  Unee  which  have  the  rectangle  or  product  of  the  extremes  equal 
to  the  rectangle  or  product  of  the  meane  are  proportionaL 

Let  the  four  lines  A,  B,  C,  D  (Jig,  301 . )  be  such  that  the  rectangle  of  A  and  D  is  equal 
to  the  rectangle  of  B  and  C,  the  line  A  wUl  be  to  the  line  B  as    ^ 
the  line  C  to  the  line  D.  \ 

Lict  the  four  lines  meet  in  a  common  point,  forming  at  that   ^ 
point  four  right  angles,  and  complete  the  rectangles  x,  y,  %. 

If  the  line  A  be  triple  of  the  line  B,  the  line  C  will  be  triple 
of  the  line  D.  |  '        d|     f     | 

The  rectangles  x  and  z,  being  between  the  same  parallels,  Fiir.soi. 

are  to  one  another  as  their  bases :  since  the  base  A  b  triple  of 

the  base  B,  the  rectangle  x  will  be  therefore  triple  of  the  rectangle  x.  And  the  rectangle 
y  is,  by  supposition,. equal  to  the  rectangle  x\  the  rectangle  y  is  therefore  also  triple  of 
the  rectangle  z. 

But  the  rectangles  y,  z,  being  between  the  same  parallels,  are  to  one  another  as  their 
bases.  Hence,  since  the  rectangle  y  is  triple  of  the  rectangle  z,  the  base  C  is  also  triple  of 
the  base  D. 

947.  Prop.  LXIX.     If  four  lines  be  proportional^  theg  are  also  proportional  altematafy. 
If  the  line  A  is  to  the  Ime  B  as  the  line  C  to  Ihe  line  D  (Jig,  303.),  ^ 

they  will  be  in  proportion  altematefyi  that  is,  the  line  A  will  be  to  the 

line  C  as  the  line  B  to  the  line  D.  ^ 

Because  the  line  A  is  to  the  line  B  as  the  line  C  is  to  the  line  D,  ^ 

the  rectangle  of  the  extremes  A  and  D  is  equal  to  the  rectangle  of  the 


means  B  and  C ;  whence  it  follows  (Prop.  68.)  that  the  line  A  is  to  the  picsos. 

line  C  as  the  line  B  is  to  the  line  D. 

Otherwise,  —  Suppose  the  line  A  to  be  triple  of  the  line  B,  the  line  C  will  be  triple  of 
the  line  D,  Hence,  instead  of  saying  AistoBasCtoD,  we  may  say  three  times  B  is  to 
B  as  three  times  D  is  to  D.  Now  it  is  manifest  that  three  times  B  is  to  three  times  D  as 
B  is  to  D.  Therefore  the  line  A  (which  is  equal  to  three  times  B)  u  to  the  line  C  (which 
is  equal  to  three  times  D)  as  the  line  B  is  to  Uie  line  D. 

948.  Prop.  LXX.  If  four  lines  be  proportional^  they  will  be  proportional  6y  compost- 
lion. 

Let  the  line  A  be  to  the  line  B  as  the  line  C  is  to  the  line  D  (/tg,  303.),  they  will  be 
proportional  by  composition  ;  that  is,  the  line  A  joined  to  the  line  B  will 
be  to  the  line  B  as  the  line  C  joined  to  the  line  D  is  to  the  line  D.  ^ 

If  the  line  A  contain  the  line  B,  for  example,  three  times,  and  the  line    ^ 

C  contain  the  line  D  three  times ;  the  line  A  joined  to  the  line  B  will    c 

contain  the  line  B  four  times,  and  the  line  C  joined  to  the  line  D  will    d 

contain  the  line  D  four  times.     Therefore  the  line  A  joined  to  the  line  pig.  aos. 

B  b  to  the  line  B  as  the  line  C  joined  to  the  line  D  is  to  the  line  D. 

949.  Prop.  LXX  I.  If  four  lines  be  proportional,  they  will  be  also  proportional  bg 
division,  a.. — — ..^__ 


If  the  line  A  is  to  the  line  B  as  the  line  C  is  to  the  line  D  (Jig,  304.),    B 

they  will  be  proportional  by  division ;  that  is,  the  line  A  wanting  the    c 

line  B  is  to  the  line  B  as  the  line  C  wanting  the  line  D  is  to  the  line  D.     j^ 

If  the  line  A  contain  the  line  B,  for  example,  three  times,  and  the  line 
C  contain  the  line  D  three  times,  the  line  A  wanting  the  line  B  will  con-  »«§- at- 

tain the  line  B  only  twice ;  and  the  line  C  wanting  the  line  D  will  also  contain  the  line  D 
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twiec     Therefi»re  tbe  line  A  wanting  the  line  B  is  to  the  line  B  as  the  line  C  wanting  the 
line  D  is  to  the  line  D. 

950.  Paop.   LX]iL  11.      If  three  lines  be  proportional  thejir$t  is  to  the  third  cu  the  square  of 
thejirst  is  to  the  square  of  the  second. 

If  the  line  CD  b  to  the  line  cd  as  the  line  c<f  is  to  a  third  line  x  {/iff.  305.),  the  line  CD 
is  to  the  line  x  as  the  square  of  the  line  CD  is  to  the  square  of  the 
line  cd.     Take  CF  equal  to  the  line  x,  and  draw  the  perpendicular 
PB. 

Sinoe  the  line  CD  is  to  the  line  ed  as  the  line  cd  is  to  the  line  CF, 
the  rectangle  of  the  extremes  CF,  CD,  or  CL  is  equal  (Prop.  67.) 
to  the  rectangle  of  the  means,  that  is,  to  the  square  of  cd. 

Again,  the  square  of  CD  and  the  rectangle  of  the  lines  CF,  CL, 
being  between  the  same  parallels,  are  to  one  another  (Prop.  58.)  as 
their  bases.  Therefore  CD  is  to  CF,  or  x,  as  the  square  of  CD  is 
to  the  rectangle  of  CF  and  CL,  or  to  its  equal  the  square  of  cd, 

951.  Paor.  LXXIII.  If  two  chords  in  a  circle  cut  each  other,  the  rectangle  of  the  seff" 
ments  of  one  is  equal  to  the  rectangle  of  the  segments  of  the  other 

Let  the  two  chords  AB,  CD  (Jig,  306.)  in  the  circle  cut  each  other  in  the  point  F,  the 
rectangle  of  AF,  FB  is  equal  to  the  rectangle  of  CF,  FD.  Draw 
the  two  right  lines  AC,  DB.  Because  in  the  triangles  CAF,  BDF 
the  angles  at  the  circumference  A  and  D  are  both  measured  (Prop. 
42.)  by  half  the  arc  CB,  they  are  equaL  Because  the  angles  C  and 
B  are  both  measured  (Plrop.  4S.)  by  half  the  arc  AD,  these  angles 
are  also  equaL  And  the  angles  at  F  are  equal,  because  they  are 
vertical.  These  two  triangles  are  therefore  equiangular,  and  conse- 
quently (Prop.  61.)  their  sides  are  proportionaL  Wherefore  the 
side  AF  oflposite  to  the  angle  C  is  to  the  side  FD  opposite  to  the 

angle  B  as  the  side  CF  opposite  to  the  angle  A  is  to  the  side  FB  opposite  to  the 
angle  D.  Therefore  (Prop.  69.)  the  rectangle  of  the  extremes  AF,  FB  is  equal  to  the 
rectangle  of  the  means  CF,  FD. 

952.  Paor.  LXXIV.      To  find  a  mean  proportional  between  two  given  lines. 

Let  there  be  two  lines  A,  C  (Jig.  307.),  it  is  required  to  And  a  third  line  B,  such  that 
the  line  A  shall  be  to  the  line  B  as  the  line  B  is  to  the 
lineC 

Place  the  lines  A  and  C  in  such  maimer  that  they  shall 
form  one  right  line  DGL,  and  bisect  this  right  line  in  the 
point  F.  From  the  point  F,  as  a  centre,  describe  the  cir- 
eumferenee  of  a  circle  DMLN ;  then,  at  the  point  G,  where 
the  two  lines  are  joined,  raise  the  perpendicular  GM ;  GM  is 
the  mean  proportional  sought  between  the  lines  A  and  C. 
Produce  MG  to  N. 

Because  the  chords  DL,  MN  cut  each  other  at  the  point  G,  the  rectangle  of  the  seg- 
ments DG,  GL  is  (Prop.  73.)  equal  to  the  rectangle  of  the  segments  MG,  GN. 

Because  the  radius  FL  is  perpendicular  to  the  chord  MN,  FL  (Prop.  38.)  bisects  MN; 
therefore  GN  is  equal  to  GM. 

Lastly,  because  the  rectangle  of  the  extremes  DG,  GL  is  equal  to  the  rectangle  of  the 
means  GM,  GN,  or  its  equal  GM,  DG  is  to  GM  as  GM  is  to  GL.  Therefore  GM  is  a 
mean  proportional  between  DG  and  GL,  that  is,  between  the  lines  A  and  C. 

953.  Paor.  LXXV.      The  bases  and  altitudes  of  equal  trian^es  are  in  reciprocal  or  inverse 

ttthlOm 

Let  the  two  triangles  ABC,  DFG  (fig,  308.)  be  equal ;  the  base  AC  will  be  to  the  base 
DG,  as  the  perpendicular  FM  to  the  perpendicular  BL ;  that 
is,  the  bases  and  altitudes  are  in  reciprocal  or  inverse  ratio. 

The  triangle  ABC  (Prop.  54.)  is  half  the  product  or  rect- 
angle c^  the  base  AC  and  the  altitude  BL.  Again,  the  tri- 
an^e  DFG  is  (Prop.  54.)  half  the  product  or  rectangle  of  the 
base  DG  and  the  altitude  FM.  The  two  triangles  being 
equal,  the  two  rectangles,  which  are  double  of  the  triangles, 
will  therefore  also  be  equaL 

Aflaan,  because  the  rectangle  of  the  extremes  AC,  BL  is 
equal  to  the  rectangle  of  the  means  DG,  FM ;  AC  (Prop. 
68.)  is  to  DG  as  FM  is  to  BL. 

954^  Paop.  LXX  VL  Trictngles  the  bases  and  altitudes  whereof  are  in  reciprocal  or  inverh* 
ratio  are  equaL 

In  the  two  triangles  ABC,  DFG  (Jig.  309.),  if  the  base  AC  be  to  the  base  DG  as  the 
perpendicular  FM  to  the  perpendieuld^  BL»  the  surftces  of  the  two  triangles  are  equal. 
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Because  AC  is  to  DG  as  FM  is  to  BL,  the  product  or  rectangle  of  the  extremes  AC, 
BL  is  (Prop.  67.)  equal  to  the  product  or  rectangle  of  the  means  DG,  FM.  The  halves 
(Corol.  to  Prop.  27.)  of  these  two  rectangles, 
namely,  triangles  ABC,  DFG,  are  therefore 
equal. 

955.  Paor.  LXXVII.  Two  seeanta  drawn 
from  the  unne  point  to  a  eirde  are  in  the  inveree 
ratio  of  the  parte  which  lie  out  of  the  drde. 

Let  the  two  secants  be  CA,'CB  {fig.  310.); 
CA  is  to  CB  as  CD  is  to  CF.  Draw  the 
right  lines  FB,  DA. 

In  the  triangles  CD  A,  CFB  the  angles 
at  the  circumference  A  and  B,  being  both 
measured  (Prop.  42.)  by  half  the  arc  FD,  are 
equal,  and  the  angle  C  is  common  to  the  two  triangles.  These  two  triangles  are  there- 
fore (Prop.  23.)  equiangular  and  (Prop.  61. ")  have  Uieir  sides  proportional.  Wherefore 
the  side  CA  of  the  first  triangle  is  to  the  side  CB  of  the  second  triangle  as  the  side  CD 
of  the  first  triangle  is  to  the  side  CF  of  the  second  triangle. 

956.  Prop.  LXXVII  I.  The  tangent  to  a  eirde  ie  a  iMon  proportional  between  the  eeeant 
and  the  part  of  the  secant  which  lies  out  of  the  circle. 

In  the  circle  ABD,  CB  (fig.  311.)  being  secant,  and  CA  tangent,  CB  is  to  CA  as  CA 
is  to  CD.     Draw  the  right  lines  AB,  AD. 

The  triangles  CAB,  CD  A  have  the  angle  C  common  to  both.  Also 
the  angle  B  is  measured  (Prop.  42.)  by  half  the  arc  AFD;  and  the 
angle  CAD  formed  by  the  tangent  AC  and  the  chord  AD  is  measured 
(Prop.  41.)  by  half  the  same  arc  AFD.  The  two  triangles  CAB,  CD  A, 
having  their  two  angles  equal,  are  (Prop.  23.),  equiangular,  and  con- 
sequently (Prop.  61.)  have  their  sides  proportions!.  Hence  the  side 
CB  of  the  greater  triangle  opporate  to  the  angle  CAB  is  to  the  side 
CA  of  the  smaller  triangle  opposite  to  the  angle  D  as  the  side  CA  of 
the  greater  triangle  opposite  to  the  angle  B  is  to  the  side  CD  of  the 
smaller  triangle  opposite  to  the  angle  A. 

CoROLLART.     From  this  proposition  is  suggested  a  new  method  of 
finding  a  mean  proportional  between  two  given  lines. 

Take  CB  equal  to  one  <^  the  given  lines,  and  CD  equal  to  the  other ;  bisect  DB  ;  from 
the  point  of  division,  as  a  centre,  describe  the  circumference  D  AB  ;  and  draw  the  tangent 
CA.  This  tangent  is  a  mean  proportional  between  CB  and  CD,  as  appears  from  the 
proposition. 

957.  Paop.  LXXIX.  To  cut  a  given  line  in  extreme  and  mean 
ratio. 

Let  it  be  required  to  divide  the  line  CA  {fig.  312.)  in  extreme  and 
mean  ratio  ;  that  is,  to  divide  it  in  such  a  manner  that  the  whole  line 
shall  be  to  the  greater  part  as  the  greater  part  w  to  the  less. 

At  the  extremity  A  of  the  line  CA  raise 'a  perpendicular  AG  equal 
to  half  the  line  C  A ;  from  the  point  G,  as  a  centre,  with  the  radius  GA, 
describe  the  circumference  ADB  ;  draw  the  line  CB  through  the  centre, 
and  take  CF  equal  to  CD ;  the  line  C  A  will  be  divided  at  the  point  F 
in  extreme  and  mean  ratio. 

Because  (Prop.  78.)  CB  is  to  CA  as  CA  is  to  CD,  by  division, 
(Prop.  71.)  CB  wanting  CA  or  its  equal  DB  is  to  CA,  as  CA  wanting 
CD  or  its  equal  CF  is  to  CD ;  that  is,  CD  or  CF  is  to  CA,  as  FA  is  to  CD  or  CF; 
or,  inversely,  CA  isto  CF  as  CF  isto  FA,  or  the  line  AC  is  cut  in  extreme  and 
mean  ratio. 


SIMILAR   FIOURKS. 


958.   Dkfikitions.  —  1.  Figures  are  eimilar  which  are  composed  of  an  equal 

physical  points  disposed  in  the  same  manner.    Thus, 

the  figures  ABCDF,  abcdf(fig.  313.)  are  similar,  if 

every  point  of  the  first  figure  has  its  corresponding 

point  placed  in  the  same  manner  in  the  second. 
Hence  it  follows,  that  if  the  first  figure  is,  for  example, 

three  times  greater  than  the  second,  the  points   of 

which  it  is  composed  are  three  times  greater  than 

those  of  the  second  figure. 
2.  In  similar  figures,  those  lines  are  said  to  be  homologout 

which  are  composed  of  an  equal  number  of  corresponding  points. 
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959.  Pbop.  LXXX.     In  dmUarJigwu  the  homeHogou*  tides  (ire  proportional. 

Let  the  similar  figures  be  ABCDF,  abcdf  (^fig.  314.),  and  the  homologous  lines  CA,  ca^ 
CF,  of;  CA  is  to  CF  as  ca  to  e/ 

l^ce  the  lines  CA,  ea  are  homologous,  they  are  composed 
of  an  equal  number  of  corresponding  points ;  as  are  also  the 
homologous  lines  CF,  e/^  If,  for  instance,  the  line  CA  is 
eomposed  of  40  equal  points,  and  the  line  CF  of  30,  the 
line  ea  will  necessanly  be  composed  of  40  points,  and  the  line 
cf  of  30 ;  and  it  is  manifest  that  40  is  to  30  as  40  to  30. 
Therefore  CA  is  to  CF  as  ea  to  e/. 

960.  Prof.  LXXX  I.      T%e  cireumferenees  o/cirdee  are  at  their  radii. 

The  circumference  DCB  (Jiff.  315.)  is  to  the  radius  A'B  as  the  circumference  deb  is  to 
the  radius  ab. 

All  circles  are  similar  figures,  that  is,  are  composed  of  an 
equal  number  of  points  disposed  in  the  same  manner.  They 
have  therefore  (Prop.  80.)  their  homologous  lines  propor- 
tionaL  Therefore  the  circumference  DCB  is  to  the  radius 
AB  as  the  circumference  deb  is  to  the  radius  ab. 

961.  Prop.  LXXXII.  Simiktr  ^fiffwet  are  to  each  other  at 
the  tquaret  of  their  homohffout  tidet. 

Let  the  two  similar  figures  be  A,  a  (^ff.  316.)     Upon  the 
homologous  sides  CD,  ed  form  the  squares  B,  b.     The  surfitoe  A  is  to  the  surface  a  as  tlie 
square  B  is  to  the  square  b. 

Since  the  figures  A,  a  are  similar,  they  are  composed  of  an  equal  number  of  cor- 
responding points ;  and  unce  the  homologous  sides  CD,  ed  are  com- 
posed of  an  equal  number  of  points,  the  squares  drawn  upon  these  lines 
B,  5  are  also  composed  of  an  equal  number  of  points. 

If  it  be  supposed  that  the  surface  A  is  composed  of  1000  points 
and  the  square  B  of  400  points,  the  surface  A  will  be  also  composed  of 
1000  points  and  the  square  6  of  400.  Now  it  is  manifest  that  1000 
is  to  400  as  1000  to  400.  Wherefore  the  surface  A  is  to  the  square  B 
as  the  surface  a  is  to  the  square  b ;  and,  alternately  (Prop.  69.),  the  sur- 
face A  is  to  the  surface  a  as  the  square  B  to  the  square  b. 

CoROLLART.  It  follows  that  if  any  three  similar  figures  be  formed  upon  the  three  sides 
of  a  right-angled  triangle,  the  figure  upon  the  hypothenuse  will  be  equal  to  the  other  tw<f 
taken  together ;  for  these  three  figures  will  be  as  the  squares  of  their  sides ;  therefore,  since 
the  square  of  ^e  hypothenuse  is  equal  to  the  two  squares  of  the  other  sides,  the  figure 
fiarmed  upon  the  hypothenuse  will  also  be  equal  to  the  two  other  similar  figures  formed 
upon  the  other  sides. 

962.  Prop.  LXXXIII.     Cirelet  are  to  each  other  at  the  tquaret- of  their  nu&L. 
Let  two  circles  DCB,  deb  (Jig.  317.)  be  drawn. 
The  surfiwe  contained  within  the  circumference  DCB  is  to 

the  surfiwe  contained  within  the  circumference  deb  as  the 
square  finrmed  upon  the  radius  AB  to  the  square  formed  upon 
the  radius  db. 

The  two  circles,  being  similar  figures,  are  composed  of  an 
equal  number  of  eorxesponding  points,  and  the  radii  AB,a6 
being  composed  of  an  equal  number  of  points,  the  squares  of 
these  radii  will  also  be  composed  of  an  equal  number  of  pointst^ 
Suppose,  for  example,  that  the  greater  circle  DCB  is  composed  of  800  points,  and  the 
square  of  the  greater  radius  AB  of  300  points,  the  smaller  circle  deb  will  also  be  composed 
of  800  points,  and  the  square  of  the  smaller  radius  of  300.  Now  it  is  manifest  that  800  is 
to  300  as  800  to  300.  Therefore  the  greater  circle  DCB  is  to  the  square  of  its  radius  AB 
as  the  smaller  circle  dd>  is  to  the  square  of  its  radius  (A ;  and,  alternately,  the  greater  circle  is 
to  the  lesser  circle  as  the  greater  square  is  to  the  lesser  square. 

963.  Prop.  LXXXIV.      SimUar  triangles  are  equiangtdar. 

If  the  two  triangles  ABC,  a&c  (Jig,  318.)  be  composed  of  an  equal  number  of  points 
disposed  in  the  same  manner,  they  are  equiangular. 

For,  since  the  triangles  ABC,  abc  are  similar  figures,  they 
have  tb«r  sides  (Prop.  80.)  proportional ;  they  are  ^erefore 
(^Prop.  62.)  equiangular. 

964.  Prop.  LXXXV.  Equiangtdar  trianglet  are  timUar, 
If  the  triangles  ABC,  abc  are  equiangular,  they  are  also 

nmilar.     See/ig.  318. 

If  the  triangle  ABC  were  not  similar  to  the  triangle  abc, 
another  triangle  might  be  formed  upon  the  line  AC ;  for  example,  ADC,  which  should  be 
ttmilor  to  the  triangle  abc.     Now,  the  triangle  ADC,  being  similar  to  the  triangle  abc* 
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will  also  (Prop.  84.)  be  equiangular  to  abc  ;  which  is  impossible,  since  the  triangle  ABC 
is  supposed  equiangular  to  abe. 

965.  Prop.  LXXX  VI.     If  four  lines  are  proportional,  their  tquaret  are  also  proportional 
If  the  line  A B  be  to  the  line  AC  as  the  line  AD  is  to  the  line  AF  (Jig,  319,),  the  square 

of  the  line  AB  will  be  to  the  square  of  the  line  AC    a b 

as  the  square  of  the  line  AD  is  to  the  square  of  the 
line  AF. 

With  the  lines  AB  and  AD  form  an  angle  BAD; 
with  the  lines  AC  and  AF  form  another  angle  CAF 
equal  to  the  angle  BAD,  and  draw  the  right  lines 
BD,  CF. 

Because  AB  b  to  AC  as  AD  to  AF,  and  the  con- 
tained angles  are  equal,  the  two  triangles  BAD,  CAF 
have  their  sides  about  equal  angles  proportional ;  they  are  therefore  (Prop.  63.)  equiangular, 
and  consequently  (Prop.  85.)  similar  :  whence  they  are  to  one  another  (Prop.  82.)  as 
the  squares  of  their  homologous  sides.  If,  then,  the  triangle  BAD  be  a  third  part  of 
the  triangle  CAF,  the  square  of  the  side  AB  will  be  a  third  part  of  the  square  of  the  side 
AC,  and  the  square  of  the  side  AD  will  be  a  third  part  of  the  square  of  the  side  AF. 
Wherefore  these  four  squares  will  be  proportional. 

966.  Paor.  LXXX  VI I.     Similar  rectilineal  Jiguret  may  he  divided  into  an  equal  number  of 
similar. 

Let  the  similar  figures  be  ABCDF,  abcdf  and  draw  the  homologous  lines  CA,  ea,  CF,  ef; 
these  two  figures  will  be  divided  into  an  equal  number  of 
similar  triangles. 

The  triangles  BCA,  bca  (Jig.  320.  \  being  composed  of  an 
equal  number  of  corresponding  pomts,  are  similar.  The 
triangles  ACF,  ac/ and  the  triangles  FCD,/ccf  are  also,  for  B< 
the  same  reason,  similar.  Wherefore  the  similar  figures 
ABCDF,  a&c4^ are  divided  into  an  equal  number  of  similar 
triangles. 

967.  Pkop.  LXXXVIII.      Simikar  figures  are  equiangular. 

The  similar  figures  ABCDF,  abcii^  (see  fig.  preced.  Prop.)  have  their  angles  equal. 
Draw  the  homologous  lines  CA,  co,  CFjc/I  The  triangles  BCA,  hca  are  similar,  and  con- 
^quently  equiangular.  Therefore  the  angle  B  is  equal  to  the  angle  6,  the  angle  BAC  to 
the  angle  hacy  and  the  angle  BCA  to  the  angle  hca.  The  triangles  A.CVt  acf,  FCD,  fed 
are  also  equiangular,  because  they  are  similar.  Therefore  all  the  angles  of  the  similar 
figures  ABCDF,  abcdf  are  equaL 

968.  Paop.  LXXXIX.  Equiangular  figures  the  sides  of  which  are  proportional  are 
similar. 

If  the  figures  ABCDT,  abcdf  (fig.  321.)  have  their  angles  equal  and  their  sides  propor- 
tional, they  are  similar.       Draw  the  right  lines  CA,  ea, 
CF,  cf 

The  triangles  CB  A,  cba,  have  two  sides  proportional  and 
the  contained  angle  equal ;  they  are  therefore  (Prop.  63.) 
equiangular,  and  consequently  (Prop.  85.)  similar.  The 
lines  CA,ca  are  therefore  (Prpp.  80.)  proportional. 

The  triangles  CAF,  caf  lunre  two  sides  proportional  and 
the  contained  angle  equal ;  for  if  from  the  equal  angles 
BAF,  haf  be  taken  the  equal  angles  BAC,frac,  there  will  remain  the  equal  angles  CAF, 
caf.  These  two  triangles  are  therefore  equiangular,  and  consequently  similar.  In  the 
same  manner  it  may  be  proved  that  the  triangles  CFD,  cfd  are  similar. 

The  two  figures  ABCDF,  abcdf  m  then  composed  of  an  equal  number  of  similar  triangles; 
that  is,  they  are  composed  of  an  equal  number  of  points  disposed  in  the  same  manner,  or 
are  similar. 
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969.  DKriMinoNs.  —  1.   A  plane  is  a  sur&ce,  such  that  if  a   right    line  applied  to  it 

touches  it  in  two  points  it  wiUftouch  it  in  every  other  point. 

The  surface  of  a  fiuid  at  rest,  or  of  a  well-polished  table,  may 

be  considered  as  a  plane. 
2.   A  right    line   is  perpendicular  to   a  plane    if  it    make   right 

angles  with  all  lines  which  can  be  drawn  from  any  point  in 

that  plane.   Thus  BA  (fig.  322.)  b  perpendicular  to  the  plane 

MLGFPN,  because  it  makes  right  angles  with  the  lines  AM, 

AL,  AG,  &c.  drawn  from  the  point  A. 
S.  Let  AB  (fig.  323.)  be  the  common  intersection  of  two  planes. 
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4. 


If  two  right  lines  LM,  FG  be  drawn,  in  these  two  planes,  perpendicular  to  the  line 
AB,  these  will  form  four  an- 
gles at  the  point  C,  which  are 
called  the  incUnatioM  of  the 
two  planes,  or  the  angles 
f<irmed  by  the  two  planes. 
If  the  line  AB  (Jjf,  dS4.) 
rerolres  about  itself  with- 
out changing  its  place,  the 
line  AC,  which  makes  an 
acute  angle  with  AB,  will 
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describe  in  the  revolution  a  concave  surfiuse  LAC ;  and  the  line  AD,  whidi  makes 
an  obtuse  angle  with  AB,  will  describe  in  the  revolution  a  convex  surfiu^e  MAD. 

5.  But  the  line  AF  (Jig,  Defin.  S.),  which  makes  a  right  angle  with  AB,  will   de- 

scribe in  the  revolution  a  surfiuse  which  will  be  neither  con- 
cave nor  convex,  but  plane :  and  the  line  AB  will  be  perpendi- 
cular to  the  plane  MLG  FPN,  because  it  will  make  right  angles 

with  the  lines  AM,  AL,  AG,  Sec  drawn  from  the  point  A  in  p T 

that  plane.  - 

6.  Two  planes  are  pamUd  when  all  perpendiculars  drawn  from 

one  to  the  other  are  equal.  See/^.  325.,  wherein  AB,  CD 
are  equal  between  the  surfiices  LM,  FG. 

970.  Paor.  XC.     A  perpendieidar  is  the  thortett  lint  which  eon  be 
drawn  from  any  point  to  a  plane. 

From  the  point  B  (Jiff.  326.),  let  the  right  line  BA  be  drawn 
perpendicular  to  the  plane  DF;  any  other  line,  as  BC,  will  be  longer  than  the  line  BA. 
Upon  the  plane  draw  the  right  line  AC. 

Because  the  line  BA  is  perpendicular  to  the  plane  DF,  the  angle  BAC  is  a  right  angle. 
The  square  of  BC  is  therefore  (Prop.  32.)  equal  to  the  squares  ^ 

of  BA  and  AC  taken  tc^^ether.  Consequently  the  square  of  BC 
is  greater  than  the  square  of  BA,  and  the  line  BC  longer  than 
the  line  BA. 

971.  Paop.  XCI.     A  perpendicular  meanaree  the  distance  of  any 
point /rom  a  plane. 

The  distance  of  one  point  from  another  is  measured  by  a  right 
line,  because  it  is  the  shortest  line  which  can  be  drawn  from  one 
point  to  another.  So  the  distance  from  a  point  to  a  line  is  measured 
by  a  perpendicular,  because  this  line  is  the  shortest  which  can  be  drawn  from  the  point 
to  the  line.  In  like  manner,  the  distance  frt>m  a  point  to  a  plane  must  be  measured  by 
a  perpendicular  drawn  from  that  point  to  the  plane,  because  this  is  the  shortest  line  which 
can  be  drawn  frt>m  the  point  to  the  plane. 

972.  Paor.  XCI  I.      Jhe  common  intersection  of  two  planes  is  a  right  line. 

Let  the  two  planes  ALBMA,  AFBGA  (Jig.  327.)  intersect  each  other;  the  line  which 
is  common  to  both  is  a  right  line.     Draw  a  right  line  from  the  point 
A  to  the  point  B. 

Because  the  right  line  AB  touches  the  two  planes  in  the  points 
A  and  B, it  will  touch  them  (Defin.  1.)  in  all  other  points ;  this  line 
thferefore,  is  common  to  the  two  planes.  Wherefore  the  common 
intersection  of  the  two  planes  is  a  right  line. 

973.  Paor.  XCIII.  If  three  points,  not  in  a  right  Une^  are  com- 
man  to  two  planes,  these  two  planes  are  one  and  the  same  plane. 

Let  two  planes  be  supposed  to  be  placed  upon  one  another,  in  such 
manner  that  the  three  points  A,  B,  C  shall  be  common  to  the  two 
planes ;  all  their  other  points  will  also  be  common,  and  the  two  planes  will  be  one  and 
the  same  plane.  The  point  D,  for  example,  is  ccmunon  to  both  planes.  Draw  the  right 
lines  AB,  CD. 

Because  the  right  line  AB  touches  the  two  planes  in  the  points  A  and  B,  it  will  touch 
them  (Defin.  1.)  m  every  other  point ;  it  will  therefore  touch  them 
in  the  point  F.      The  point  F  is  therefore  common  to  the  two 
planesL 

Again,  because  the  right  line  CD  touches  the  two  planes  in  the 
points  C  and  F,  it  will  touch  them  in  the  point  D;  therefore  the 
point  D  is  common  to  the  two  planes.  The  same  may  be  shown 
concerning  every  other  point     Wherefore  the  two  planes  coincide  Fi«.af8. 

in  all  points,  or  are  one  and  the  same  plane. 

974.  Paor.  XCI  V.      If  a  right  line  be  perpendicular  to  two  right  Unes  which  cut  eaeh  other, 
it  unU  be  perpendicular  to  the  plane  of  these  right  Unes, 
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Let  the  line  AB  (^fig.  SS9.)  nuJce  right  angles  with  the  lines  AC»  AD,  it  will  be  perpen- 
dicular to  the  plane  which  passes  through  these  lines.  B 

If  the  line  AB  were  not  perpendicular  to  the  FDCO,  another  plane 
might  be  made  to  pass  through  the  point  A,  to  which  the  AB  would 
be  perpendicular.  But  this  is  impossible  ;  for,  since  the  angles  BAC, 
BAD  are  right  angles,  this  other  plane  (Defin.  2.)  must  pass  through 
the  points  C,  D;  it  would  therefore  (Prop.  93.)  be  the  same  with  the  ^- 
plane  FDCG,  since  these  two  planes  would  have  three  conunon  points  i  C 
A,  C,  D.  ^^ — 

975.  Paor.  XCV.     From  a  given  point  in  a  plane  to  raiee  aperpen*  Fli^sto. 
dieular  to  that  plane. 

Let  it  be  required  to  raise  a  perpendicular  from  the  point  A  (J!g,  330.)  in  the  plane  LM. 

Form  a  rectangle  CDFG,  itiTide  it  into  two 
rectangles,  having  a  common  section  AB,  and 
place  these  rectangles  upon  the  plane  LM  in 
such  a  manner  that  the  bases  of  the  two  rect- 
angles AC,  AG  shall  be  in  the  plane  LM,  and 
form  any  angle  with  each  other;  the  line  AB 
shall  be  perpendicular  to  the  plane  LM.  The 
line  A  B  nuJces  right  angles  with  the  two  lines 
AC,  AG,  which,  by  supposition,  are  in  the  plane 
LM;  it  is  therefore  (Prop.  94.)  perpendicular 
to  the  plane  LM. 

976.  Paor.     XCVI.        7Vo   plane9    euUing 
each  other  at  right  anglee,  if  a  right  Hne  be  drawn  in  one  of  the  planee  perpendiadar  to  their 
common  intereeetion,  it  will  be  perpendicular  to  the  other  plane. 

Let  the  two  planes  AFBG,  ALBM  {Jig.  331.),  cut  each  other  at  right  angles;  if  tho 
line  LC  be  perpendicular  to  their  common  intersection,  it  is  also  per- 
pendicular to  the  plane  AFBG.     Draw  CG  perpendicular  to  AB. 

Because  the  lines  CL,  CG  are  perpendicular  to  the  common  in- 
tersection AB,  the  angle  LCG  (Defin.  3.)  is  the  angle  of  inclination 
of  the  two  planes.  Since  the  two  planes  cut  each  other  perpendi- 
cularly, the  angle  of  inclination  LCG  is  therefore  a  right  angle. 

And  because  the  line  LC  is  perpendicular  to  the  two  lines  CA,  CG 
in  the  plane  ABFG,  it  n  (Prop.  94.)  perpendicular  to  the  plane 
AFBG. 

977.  Paor.  XCVII.  If  one  plane  meet  another  planer  it  makes 
angles  with  that  other  fianet  which  are  together  equal  to  two  right  angles. 

Let  the  plane  ALBM  (jfig.  332.)  meet  the  plane  AFBG ;  these  planes  will  make  with  each 
other  two  angles,  which  will  together  be  equal  to  two  right  angles. 
Through  any  point  C  draw  the  lines  FG,  LM  perpendicular  to  the  line 
AB.  The  line  CL  makes  with  the  line  FG  two  angles  together  equal 
to  two  right  angles.  But  these  two  angles  are  (Defin.  3.)  the  angles 
of  inclination  of  the  two  planes.  Therefore  the  two  planes  make 
angles  with  each  other,  which  are  together  equal  to  two  right  angles. 

Corollary.  It  may  be  demonstrated  in  the  same  manner  that 
planes  which  intersect  each  other  have  their  vertical  angles  equal,  that 
parallel  planes  havie  their  alternate  angles  equal,  &c. 

978.  Paor.  XCVI  1 1.      If  two  planes   be  paraUd  to  each   other, 
a  right  lincy  wfdch  is  perpendicular  to  one  of  the  pUxnet,  will  be  also  perpendicular  to  <ft« 
other. 

Let  the  two  planes  LM,  FG  (Jig.  333.)  be  parallel.  If  the  line  BA 
be  perpendicular  to  the  plane  FG,  it  will  also  be  perpendicular  to  the 
plane  LM.  From  any  point  C  in  the  plane  LM  draw  CD  perpen- 
dicular to  the  plane  FG,  and  draw  BC,  AD. 

Because  the  lines  B  A,  CD  are  perpendicular  to  the  plane  FG,  the 
angles  A,  D  are  right  angles. 

Because  the  planes  LM,  FG  are  paralld,  the  perpendiculars  AB,  Pv^ 
DC  (Defin.  6.)  are  equal ;  whence  it  follows  that  the  lines  BC,  AD 
are  parallel. 

The  line  BA,  being  at  right  angles  to  the  line  AD,  will  also  (Prop.  13.)  be  at  right 
angles  to  the  parallel  line  BC.     The  line  BA  is  therefore  perpendicular  to  the  l^e  BC. 

In  the  same  manner  it  may  be  demonstrated  that  the  line  BA  is  at  right  angles  to  all 
other  lines  which  can  be  drawn  from  the  point  B  in  the  plane  LM.  Wherefore  (Defin.  2.) 
the  line  BA  is  perpendicular  to  the  plane  LM. 
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979-  DErmtnom it  A  tvUd,  u  <rc  I 

breadth,  and  thickness. 
S.   A  pofyhairim  is  a  aolid  termiiuted  by  pUne  niHoces. 

3.  A  prirm  is  a  solid  terminated  by  two  identical  plane 

panLsl  to  each  other,  and  bj  sur&ct*  which  on  poialleli 
grams.    QFlg.  334.) 

4.  A  parBlklepiped  is  a  prism  the  bttMS  of  *hieb  ore  paroUeli 

gtBun.     (,Pig.  335.) 

5.  A  cut*  is  a  solid  tenniaated  by  ax  square  sur&ces  :  a  di 

far  eiomple,  ii  a  cube.    (_Fig,  336.) 

6.  If  right  lines  be  raiseii  from  eiery  point  in 

any  reetUineal  flgure,  and  meet  in  one  co 
rectilineal  figure  inclose  a  solid  whidi 
isca]ledaiiynDii.'(l.     (Fy,.337.) 

7.  A  cj/liiuirr  is  a  iolid  terminated  by  two 

baseii  which  are  equal  and  parallel  cir- 
cle*, and  by  a  eon*ei  surface  j  or  it  is  ■ 
■olid  formed  by  the  rerolution  of  a  pa* 
rallelogram  ^mut  one  of  its  udes. 
(Fig.  338.) 

8.  If  right  lines  be  raised  Irom  erery  point 

in  the  (arcumference  of  a  circle,  and  meet 
with  the  circle  inclose  a  solid,  which 
is  called  a  am.    {Fi>.  339.) 

9.  A  semicircle  retolnng  about  its  diame- 

ter forma  a  solid,  which  ii  called  a 
^ilun.  (Fig.  34a) 

10.  If  iiom  the  vertex  of  a  solid  a  perpen- 

dicular b»  let  &11  upon  the  apposite 
plane,  this  perpaidicuUr  is  called  the 
tMhade  of  tbe  solid,  !□  the  pyroniida 
ACD,  Acd  {fig.  341.),  AB,  ab  are 
their  respective  altitudes. 

11.  Si^ds  are  said  to  be  fgmif,  if  they  inclose  Bi 

are  equal  solids  if  the  space  inclosed  with: 
within  the  pyramid. 
1 S.    Sinalar  lelidt  are  such  as  conaist  of  an  equal  number  of  physical  points  diiposed  in 

Thus  (in  the  lig.  Defin.  10.)  the  larger  pyramid  ACD  wd  the  smaller  pyramid  Aofare 
nmilar  solids  if  every  paint  in  the  luger  pyramid  haa  a  point  carreaponding  to  it  in  the 
iroaller  pyramid.  A  hundred  musket  balls,  and  the  aame  Dumber  of  cannon  bolls,  disposed 
in  the  same  manner,  form  two  similar  solids. 

9Sa  Poor.  XCIX.  Tit  viBd  coittmi  of  a  cute  ii  iqual  te  tht  product  of  <me  of  tte  lida 
twice  rnitkiplitii  by  itaelf. 

I«t  the  Unea  AB,  AD  (fig.  349.)  be  equaL      Let  the  line  AD,  drawn  perpendicular  to 
AB.be  supposed  to  move  throu^  the  whole  length  of  AB)  when  it 
■rtivea  at  BC,  and  coincida  with  it,  it  will  have  formed  the  square  DABC, 
and  will  have  been  multiplied  by  the  line  AB, 

Nert  let  the  line  AF  be  drawn  equal  to  AD,  and  perpendicular  to  the 
plane  DABC;  suppose  the  plane  DABCtomoveperpendicularly  through   t 
the  whole  length  of  the  line  AF;  when  it   arrives  at  the  phuie  MFGL, 
and  coincides  with  it,  it  will  have  formed  tbe  cube  AFLC,  and  will  have 
been  multiplied  by  the  line  AF. 

Hence  it  appears,  that  to  form  the  cube  AFLC.  it  is  necessary,  first,  to  multiply  the  si 
AD  by  the  nde  AB  equal  to  AD  ;  and  then  to  multiply  the  product,  that  ii,  the  squs 
of   AC,    by   the  nde  AF    equal     to    AD;     that    is,    it    is  . 

neeeasary   to  multiply  AD  by  AD,  and  to  muldply  the 
duct  again  by  AD.  ,. 

981.   Paop.  C.  Simiiar  niidt  have  tharhnmologoia  Una  pro-  If 

perHonaL  Ii 

Let  the  two  solids  K,a(fig.  343.)  be  similar  ;  and  let  their 
bomologous  lines  be  AB,  ah,  BG,  bg ;  AB  will  be  to  BC  at 

Because  the  solids  A,o  are  similar,  every  point  in  the  solid 
t,  and  disposed  in  tiic  same 
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manner,  in  the  solid  o.  Thus,  if  the  line  AB  is  composed  of  SO  physical  points,  and  the 
line  BG  of  10,  the  line  ab  will  be  composed  of  SO  corresponding  points,  and  the  line  bp 
of  10.  Now  it  is  eyident  that  SO  is  to  10  as  SO  is  to  10 :  therefore  AB  is  to  BG  as  a6  to  2^. 

98S.   Prof.  CI.     Similar  »olid$  are  equiangtdar. 

Let  the  solids  (see  fig.  to  preced.  Prop.)  A,  a  be  similar ;  th^  corresponding  angles  are 
equaL 

Because  the  solids  A,  a  are  similar,  the  surfiuses  BAF,  bo/*  are  composed  of  an  equal 
number  of  points  disposed  in  the  same  manner.  These  surfaces  are  therefore  similar 
figures,  and  consequently  (Prop.  88.)  equiangular.  The  angles  B,  A,  Fare  therefore  equal 
to  the  angles  ft,  o,  /.  In  the  same  manner  it  may  be  demonstrated  that  the  other  cor- 
respondent angles  are  equal. 

983.  Paop.  CI  I.  SalidM  which  have  their  angHu  eqttal  and  their  $ide$  proportiomal  are 
nmHar. 

If  the  solids  A,  a  (^fig,  S44.)  haye  their  angles  equal  and  their  sides  proportional,  they 
are  similar. 

For  if  the  solids  A,  a  were  not  similar,  another  solid  might  be 
formed  upon  the  line  B  F  similar  to  the  solid  a.  But  this  is  im- 
possible ;  for,  in  order  to  form  this  other  solid,  some  angle  or 
some  side  of  the  solid  A  must  be  increased  or  diminished ; 
and  then  this  new  solid  would  not  haye  all  its  angles  equal  and 
all  its  sides  proportional  to  those  of  the  solid  a,  that  is  (Prop. 
100, 101.),  would  not  be  similar. 

984.  Prop.  CI  1 1.    Simiktr  eolida  are  to  one  aauther€u  theeubee 
of  their  homclogoua  eidee. 

Let  A,  a  (see  fig.  to  preced.  Prop.)  be  two  similar  solids,  the  solid  A  contains  the  solid  a 
as  many  times  as  the  cube  formed  upon  the  side  BF  contains  the  cube  formed  upon  the 
side  bf. 

Because  the  solid  A  is  similar  to  the  solid  a,  every  point  in  the  solid  A  has  its  cor- 
responding point  in  the  solid  a.  From  whence  it  follows,  that  if  the  side  BF  is  composed, 
for  example,  of  50  points,  the  side  bf  will  also  be  composed  of  50  points :  and  conse- 
quently the  cubes  formed  upon  the  sides  BF,  ftf  will  be  composed  of  an  equal  number 
of  points. 

Let  it  then  be  supposed  that  the  solid  A  is  composed  of  4000  points,  and  the  cube  of 
the  side  BF  of  5000  points ;  the  solid  A  must  be  composed  of  4000  points,  and  the  cube 
of  the  side  hf  of  5000  points.  Now  it  is  eyident  that  4000  is  to  5000  as  4000  to  5000. 
Wherefore  the  solid  A  is  to  the  cube  of  BF  as  the  solid  a  to  the  cube  of  bf;  and,  alter- 
nately,  the  solid  A  b  to  the  solid  a  as  the  cube  of  BF  to  the  cube  of  hf 

CoaoLLAET.      It  may  be  demonstrated  in    the  same  manner  that  the  spheres  A,  a 
(y!^.  S45.),  which  are  similar  solids,  are  to 
one  another  as  the  cubes  of  their  radii  AB,  ^ 
oft. 

985.  Prop.  CIV.  The  toUd  content  of 
a  perpendicular  prism  ia  equal  to  the  product 
of  it$  bate  and  height 

The  solid  content  of  the  perpendicular 
prism  ABCD  (fig.  346.)  is  equal  to  the 
product  of  its  base  AD,  and  height  AD. 

If  the  lower  base  AD  be  supposed  to  move  perpendicularly  along  the  height  AB  till  it 
coincides  with  the  upper  base  BC,  it  will  have  formed  the  prism  ABCD.  Now  the  base 
AD  will  have  been  repeated  as  many  times  as  there  are  physical  points  in  the  height  AB. 
Therefore  the  solid  content  of  the  prism  ABCD  is  equal  to  the  product  of  the  base  mul- 
tiplied by  the  height. 

Corollary.  In  the  same  manner  it  may  be  demonstrated  that  the  solid  content  of  the 
perpendicular  cylinder  ABCD  is  equal  to  the  product  of  its  base  AD  and  height  AB. 

986.  Prop.  C  V.  The  solid  content  of  an  inclined  prism  is  equal  to  the  product  of  its  base 
and  height. 

Let  the  inclined  prism  be  CP  {Jig.  347.),  it  is  equal  to  the  product  of  its  base  RP 
and  its  height  CD. 

Conceive  the  base  NB  of  the  perpendicular  prism  NA,  and 
the  base  RP  of  the  inclined  prism  PC,  to  move  on  in  the  same 
time  parallel  to  themselves ;  when  they  have  reached  the  points 
A  and  C,  each  of  them  will  have  been  taken  over  again  the 
same  number  of  times.  But  the  base  NB  will  have  betaken 
over  again  (Prop.  104. )  as  many  times  as  there  are  physical  points 
in  the  height  CD.  The  base  RP  will  therefore  have  been  taken 
over  again  as  many  times  as  there  are  physical  points  in  CD. 
Consequently  the  solid  content  of  the  inclined  prism  CP  is  equal  to  the  product  of  ki 
base  RP  and  the  height  CD. 
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987.   Prot.  C  VI.      hi  a  pyramid,  a  section  parallel  to  the  hate  ie  nmilar  to  the  base. 

"Let  the  section  ed  be  parallel  to  the  base  CD  (/ig.  348.) ;  this  section  is  a  figure  similar 
to  the  base.     Umw  AB  perpendicular  to  the  base  CD ;  draw  also 
BC,  6c,  BE,  6e. 

Because  the  planes  ed  CD  are  parallel ;  AB,  being  perpendicular  to 
the  plane  CD,  will  also  (Prop.  98.)  be  perpendicular  to  the  plane  ed: 
whence  the  triangles  AAc,  ABC,  haying  the  angles  b,  B  right  angles, 
and  the  angle  A  common,  are  equiangular.  Therefore  (Prop.  61.)  A& 
is  to  AB  as  be  to  BC,  and  as  Ac  to  AC. 

In   like  manner  it   may  be  proved  that  Ab  is  to    AB  as  be  to 
BE,  and  as  Ae  to  A£.     Consequently  if  A6  be  one  third  part  of  AB,  c^ 
be  will  be  one  third  part  of  BC,  be  the  same  of  BE,  Ac  of  AC,  and  Ae 
of  AE. 

Again,  in  the  two  triangles  cAe,  CAE,  there  are  about  the  angle  A,  common  to  both, 
two  sides  proportional;  they  are  therefore  (Prop.  63.)  equiangular,  and  consequently 
(Prop.  61.)  haye  their  other  sides  proportional.  Therefore  ce  will  be  one  third  part  of 
CK 

The  two  triangles  (Ae  CBE,  haying  their  sides  proportional,  are  therefore  (Prop.  89.) 
similar.  The  same  may  be  demonstrated  concerning  idl  the  other  triangles  which  form  the 
planes  ed,  CD.     Therefore  the  section  ed  is  similar  to  the  base  CD. 

Rkmaek.  If  the  perpendicular  AB  fiill  out  of  the  base ;  by  drawmg  lines  from  the 
points  6,  B,  it  may  be  demonstrated  in  the  same  manner  that  the  section  is  similar  to  the 
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988.  PaOF.  CVII.  In  a  pyramid,  eections  parallel  to  the  base  are  to  one  another  as  the 
squares  of  their  heights. 

Let  CD  cd  {fig.  349.)  be  parallel  sections.     From  the  yertex  A  draw  a  perpendicular 
AB  to  the  plane  CD :  the  plane  ecf  is  to  the  plane  CD  as  the  square  of 
the  height  A6  is  to  the  square  of  the  height  AB.     Draw  BC,  frc. 

The  Une  AB,  being  perpendicular  to  the  plane  CD,  will  also  (Prop. 
98.)  be  perpendicular  to  the  parallel  plane  «/:  whence  the  angle  A6c 
is  a  right  angle,  and  also  the  angle  ABC.  Moreover,  the  an^e  at  A 
is  common  to  the  two  triangles  Abe,  ABC ;  these  two  triangles,  there- 
fore, are  equiangular.  Therefore  (Prop.  61.)  the  side  c6  is  to  the  side 
CB  as  the  nde  A&  is  to  the  side  AB  ;  and  consequently  the  square  of 
c6  is  to  the  square  of  CB  as  the  square  of  Ad  io  the  square  of  AB. 

The  planes  ed,  CD,  being  (Prop.  106.)  similar  figures,  are  to  one 
another  (Prop.  82.)  as  the  squares  of  the  homologous  lines  c6,  CB ; 
they  are  therefore  diso  as  the  squares  of  the  heights  Ab,  AB. 

CoaoLLART.  In  the  same  manner  it  may  be  demonstrated  that  in  a  cone  the  sections 
parallel  to  the  base  are  to  one  another  as  the  squares  of  the  heights  or  perpendicular  dis- 
tances from  the  yertex. 

989.  Prof.  CVII  I.     Pyramids  of  the  same  height  are  to  one  another  as  their  bases. 

Let  A,  F  (^fig.  S5(X)  be  two  pyramids.  If  the  perpendicular  AB  be  equal  to  the  perpen- 
dicular FG,  the  pyramid  A  is  to  the  pyramid  F 
as  the  base  CD  to  the  base  LM.  Supposing, 
for  example,  the  base  CD  to  be  triple  of  the  base 
LM,  the  pyramid  A  will  be  triple  of  the  py- 
ramid F. 

Two  sections  ed,  hn,  being  taken  at  equal 
heights  Ab,  Fg,  the  section  ed  is  (Prop.  107.) 
to  the  base  CD  as  the  square  of  the  height  Ab 
to  the  square  of  the  height  AB  ;  and  the  section 
/m  is  to  the  base  LM  as  the  square  of  the 
height  Tg  to  the  square  of  the  height  FG. 
And  because  the  heights  are  equal,  AB  to  FG,  and  Ab  to  F^,  the  section  e<f  is  to  the  base 
CD  as  the  section  bn  to  the  base  LM  ;  and,  alternately,  the  section  ed  is  to  the  section  bn  as 
the  base  CD  is  to  the  baae  LM.  But  the  bas^  CD  is  triple  of  the  base  LM,  therefore 
the  section  ed  is  also  triple  of  the  section  Im. 

Because  the  bights  AF,  FG  are  equal,  it  is  manifest  that  the  two  pyramids  are  com- 
posed of  an  equal  number  of  physical  surfaces  placed  one  upon  another.  Now  it  may  be 
demonstrated  in  the  same  manner  that  every  surface  or  section  of  the  pyramid  A  is  triple 
of  the  corresponding  suriitce  or  section  of  the  pyramid  F.  Therefore  the  whole  pyramid 
A  is  triple  d  the  whole  pyramid  F. 

Corollary.  Pyramids  of  the  same  height  and  equal  bases  are  equal,  since  they  are  to 
one  another  as  their  bases. 

990.  Prot.  CIX.  a  pyramid  whose  base  is  thai  of  a  cube  and  whose  vertex  is  at  the  cetUre 
^fths  cvhe  is  equal  to  a  third' part  of  the  product  of  its  height  and  base. 
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Let  the  cube  AM  and  the  pyramid  C  (>l^.d51.)  haye  the  laxne  base  AD,  and  let  the 
tex  of  the  pyramid  be  at  the  centre  of  the  cube  C ;  this  pyramid    n 
U  equal  to  a  third  part  of  the  product  of  its  height  and  base. 

Conceive  right  lines  drawn  from  the  centre  of  the  cube  to  its 
eight  angles  A»  B,  D»  F»  N»  G,  L,  M,  the  cube  will  be  divided  into 
six  equal  pyramids,  each  of  which  has  one  surface  of  the  cube  for 
its  base,  and  half  the  height  of  the  cube  for  its  height ;  for 
example,  the  pyramid  CABDF. 

Three  of  these  pyramids  will  therefore  be  equal  to  half  the 
cube.  Now  the  solid  content  of  half  the  cube  is  (Prop.  99.) 
equal  to  the  product  of  the  base  and  half  the  height  Each  pyramid,  therefore,  will  be 
equal  to  one  third  part  of  the  product  of  the  base,  and  half  the  height  of  the  cube ;  that  is» 
the  whole  height  of  the  pyramid. 

991 .  Paor.  CX.      The  §olid  content  of  a  pyramid  is  eqwd  to  a  third  part  of  the  product  of 
Us  height  emd  base. 

Let  RPS  (Jiff.  352.)  be  a  pyramid,  its  solid  content  is  equal  to  a  third  part  of  the  pro- 
duct of  its  height  and  its  base  RS. 

Form  a  cube  the  height  of  which  BL  is  double  of  the  height 
of  the  pyramid  RPS.  A  pyramid  the  base  of  which  u  that  of 
this  cube  and  the  vertex  of  which  is  C,  the  centre  of  the  cube, 
will  be  equal  to  a  third  part  of  the  product  of  its  base  and 
height 

The  pyramids  C  and  P  have  the  same  height ;  they  are  there- 
fore (Corol.  to  Prop.  108.)  to  one  another  as  their  bases.  If  the 
base  AFDB  is  double  of  the  base  RS,  the  pyramid  C  will  there- 
fore  be  double  of  the  pyramid  P. 

But  the  pyramid  C  is  equal  to  a  third  part  of  the  product  of  its  height  and  base.  The 
pyramid  P  will  therefore  be  equal  to  a  third  part  of  the  product  of  the  same  height,  and 
half  the  base  AFDB,  or,  which  is  the  same  thing,  the  whole  base  RS. 

992.  Paor.  CXI.  The  eolid  content  of  a  cone  i$  equal  to  the  third  part  of  the  product  of 
ita  height  and  base. 

For  the  base  of  a  cone  may  be  considered  as  a  polygon  composed  of  exceedingly  small 
sides,  and  consequently  the  cone  may  be  considered  as  a  pyramid  having  a  great  number 
of  exceedingly  small  surfaces ;  whence  its  solid  contents  will  be  equal  (Prop.  110.)  to  one 
third  part  of  the  product  of  its  height  and  base. 

993.  Prof.  CXII.  7%e  solid  content  of  a  cone  is  a  third  part  of  the  solid  content  of  a 
cylinder  described  about  it» 

Let  the  cone  BAC  and  the  cylinder  BDFC  {/Ig.  353.)  have  the  same  height  and 
base,  the  cone  is  a  third  part  of  the  cylinder. 

For  the  cylinder  is  equal  to  the  product  of  its  height  and  base,  and  the 
cone  is  equal  to  a  third  part  of  this  product  Therefore  the  cone  is  a  third 
part  of  the  cylinder. 

994.  PaoF.  CXIII.  The  solid  content  of  a  sphere  is  equal  to  a  third  part 
of  the  product  of  its  radius  and  surface. 

Two  points  not  being  sufficient  to  make  a  curve  line,  three  points  will 
not  be  sufficient  to  make  a  curve  surface.  If,  therefore,  all  the  physical 
points  which  compose  the  surfieice  of  the  sphere  C  (^.  354.)  be  taken  three 
by  three,  the  whole  surface  will  be  divided  into  exceedingly  small  plane  sur&ces ;  and  radii 
being  drawn  to  each  of  these  points,  the  sphere  will  be  divided  into  small 
pyramids,  which  have  their  vertex  at  the  centre,  and  have  plane  bases. 

The  solid  contents  of  all  these  small  pyramids  will  be  equal  (Prop.  1 10.) 
to  a  third  part  of  the  product  of  the  height  and  bases,  llierefore  the  solid 
content  of  the  whole  sphere  will  be  equal  to  a  third  part  of  the  product  of 
the  height  and  all  the  bases,  that  is,  of  its  radius  and  surfiuse. 

995.  Prof.  CXIV.  The  surface  of  a  sphere  is  equal  to  four  of  its  great 
circles.  "«•  ***• 

If  a  plane  bisect  a  sphere,  the  section  will  pass  through  the  centre,  and  it  is  called  a  great 
circle  of  the  sphere. 

Let  A  BCD  (Jig.  355.)  be  a  square ;  describe  the  fburth  part  of  the  circumferenee  of  a 
circle  BLD ;  draw  the  diagonal  AC,  the  right  line  FM,  parallel  to  AD,  ,,^ 
and  the  right  line  AL. 

In  the  triangle  ABC,  on  account  of  the  equal  udes  AB,  BC,  the  angles 
A  and  C  are  (Prop.  4.)  equal ;  therefore,  since  the  angle  B  is  a  right  angle, 
the  angles  A  and  C  are  each  half  a  right  angle.  Agun,  in  the  triangle 
AFG,  because  the  angle  F  is  a  right  angle,  and  the  angle  A  half  a  right 
angle,  the  angle  G  is  also  half  a  right  angle ;  therefore  (Prop.  26.)  AF  is 
cqusl  to  FG.  Fii.8U. 
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TTie  radius  AL  is  equal  to  the  radius  AD :  but  AD  is  equal  to  FM ;  therefore  AL  is 
equal  to  FM. 

In  the  rectangular  triangle  AFL  the  square  of  the  hypothenuse  AL  is  equal  (Prop.  32.) 
to  the  two  squares  of  AF  and  FL  taken  together.  Instead  of  AL  put  its  equal  FM,  and 
instead  of  AF  put  its  equal  FG  ;  and  the  square  of  FM  will  be  equal  to  the  two  squares 
of  FG  and  FL  taken  together. 

Conceive  the  square  A  BCD  to  revoWe  about  the  line  AB.  In  the  revolution  the  square 
will  describe  a  cylinder,  the  quadrant  a  hemisphere,  and  the  triangle  ABC  an  inverted 
cone  the  vertex  whereof  will  be  in  A.  Also  the  line  FM  will  form  a  circular  section  of  a 
cylinder,  the  line  FL  will  form  a  circular  section  of  a  hemisphere,  and  the  line  FG  a  cir- 
cular section  of  a  cone. 

Hiese  circular  sections,  or  circles,  are  to  each  other  (Prop.  83.)  as  the  squares  of  their 
radii ;  therefore,  since  the  square  of  the  radius  FM  is  equal  to  the  squares  of  the  radii  FL 
and  FG,  the  circular  section  of  the  cylinder  will  be  equal  to  the  circular  sections  of  the 
hemisphere  and  cone. 

In  the  same  manner  it  may  be  demonstrated  that  all  the  other  sections  or  circular  sur- 
ftces  whereof  the  cylinder  is  composed  are  equal  to  the  corresponding  sections  or  sur&ces 
of  the  hemisphere  and  cone.  Therefore  the  cylinder  is  equal  to  the 
hemisphere  and  cone  taken  t<^ether:  but  the  cone  (Prop.  112.)  is 
equal  to  a  third  part  of  the  cylinder ;  the  hemisphere  is  therefore 
equal  to  the  remaining  two  thirds  of  the  cylinder ;  and  consequently 
the  hemisphere  is  double  of  the  cone.  The  cone  BSC.(^.  356.)  is 
(Prop.  111.)  equal  to  a  third  part  of  the  product  of  the  radius  and 
base  BC,  which  is  a  great  circle  of  the  sphere :  the  hemi^here  ALD 
is  therefore  equal  to  a  third  part  of  the  product  of  the  radius  and 
two  of  its  great  circles ;  and  consequently  the  whole  sphere  is  equal 
to  a  third  part  of  the  product  of  the  radius  and  four  of  its  great  circles. 

Lastly,  since  the  sphere  is  equal  (Prop.  113.)  to  a  third  part  of 
the  product  of  the  radius  and  surfiu^e  of  the  sphere,  and  also  to  a  third  part  of  the  pro- 
duct of  the  radius  and  four  of  its  great  circles,  the  surface  of  the  sphere  is  equal  to  four 
of  its  great  circles. 


Sect.  TIL 

PEACTICAI.   OBOMXraT. 


990.  Practical  Geometry  is  the  art  of  accurately  delineating  on  a  plane  surface  any 
plane  figure.  It  is  the  most  simple  species  of  geometrical  drawing,  and  the  most  generally 
useful ;  for  the  sur&ces  of  buildings  and  other  objects  are  more  frequently  plane  than 
curvedi,  and  they  must  be  drawn  with  truth,  and  of  the  required  proportions,  before  they  can 
be  properly  executed,  unless  in  cases  where  the  extreme  simplicity  of  the  form  renders 
it  improbable  that  mistakes  should  arise.  It  has  been  defined  as  the  art  which  directs 
the  mechanical  processes  for  finding  the  position  of  points,  lines,  surfaces,  and  planes, 
with  the  description  of  such  figures  on  diagrams  as  can  be  intelligibly  understood  by  de< 
finition,  according  to  given  dimensions  and  positions  of  lines,  points,  &c. 

No  part  of  a  buUdii^  or  drawing  can  be  laid  down  or  understood  without  the  assistance 
of  practical  geometry,  nor  can  any  mechanical  employment  in  the  building  department  be 
conducted  without  some  assistance  from  this  branch  of  the  science.  Cases  frequently  occur 
requiring  a  knowledge  of  very  complex  problems,  as  in  masonry,  carpentry,  and  joinery  ; 
but  these  will  be  given  in  other  parts  of  this  work. 

The  demonstration  of  most  of  the  following  problems  will  be  found  in  the  preceding 
section;  we  therefore  refer  the  reader  back  to  it  for  definitions,  and  for  the  proof  of 
those  enunciations  which  will  follow. 

raoBLius. 

997.  Pboblxic  I.      To  hueet  a  Une  AB ;  that  is,  to  divide  it  into  two  equal  parts. 

Tuna  the  two  centres  A  and  B  (^.  357.)  with  any  equal  radii  describe  arcs  of  circles 
intersecting  each  other  in  C  and  D,  and  draw  the  line  CD.  This  will  bisect  the  given 
line  in  the  point  £. 

998.  PaoB.   II.      To  bitect  an  angle  BAC. 

From  the  centre  A  (fy.  358. )  with  any  radius  describe  an  arc  cutting  off  the  equal 
lines  AD,  AE ;  and  from  the  two  centres  D,  £,  with  the  same  radius  describe  arcs  in- 
tersecting in  F,  then  draw  AF,  and  it  will  bisect  the  angle  A,  as  required. 

999.  PaoB.  III.     At  a  given  point  C  in  a  line  AB  to  erect  a  perpendicular. 
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From  the  given  point  C  {^g.  859.)  with  any  radius  cut  off  any  equal  parts  CD,  CE 
of  the  given  line ;    and  from   the   two  q 
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centres  D  and  £  with  any  one  radius  de- 
scribe arcs  intersecting  in  F.  Then  join 
CF,  and  it  will  be  the  perpendicular  re- 
quired. 

Otherwise  —  When  the  given  point  C 
is  near  the  end  of  the  line. 

From  any  point  D  (Jig.  360.)  assumed 
above  the  line  as  a  centre,  through  the 
given  point  C  describe  a  circle  cutting 
tile  given  line  at  E,  and  through  E  and 
the  centre  D  draw  the  diameter  EDF ; 
then  join  CF,  and  it  will  be  the  perpendicular  required. 

1000.  Prob.  IV.     From  a  given  point  A  to  let  fall  a  perpendieuUtr  on  a  Une  BC 
From  the  given  point  A  {fig,  361.^  as  a 

centre  with  any  convenient  radius  describe  an 
arc  cutting  the  given  line  at  two  points  D 
and  £  ;  and  from  the  two  centres  D  and  £ 
with  any  radius  describe  two  arcs  intersecting 
at  F;  then  draw  AGF,  and  it  will  be  the 
perpendicular  to  BC  required. 

Otherwise  —  When  the  given  point  is 
nearly  opposite  the  end  of  the  line. 

From  any  point  D  in  the  given  line  BC 
(Jig.  362.)  as  a  centre,  describe  the  arc  of 
a  circle  through  the  given  point  A  cutting 
BC  in  £ ;  and  from  the  centre  £  with  the 
radius  £A  describe  another  arc  cutting  the  former  in  F;  then  draw  AGF,  which  will  be 
the  perpendicular  to  BC  required. 

1001.  PaoB.  V.  At  a  given  point  A,  in  a 
Une  AB,  to  nttike  an  angle  equal  to  a  given 
angle  C. 

From  the  centres  A  and  C  (Jig.  363.) 
with  any  radius  describe  the  arcs  DE,  FG ; 
then  with  F  as  a  centre,  and  radius  D£,  de- 
scribe an  arc  cutting  FG  in  G  ;  through 
G  draw  the  line  AG,  which  will  form  the 
angle  required. 

1002.  Prob.  VI.  Through  a  given  point 
C  to  draw  a  Une  parallel  to  a  given  Une  A  JB. 
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Take  any  point  <i  in  AB  (Jig.  364.) ; 
upon  d  and  C,  with  the  distance  Cd,  describe 
two  arcs,  eC  and  df,  cutting  AB  in  «  and  d. 
Make  df  equal  to  eC  ;  and  through  C^draw 
C/,  and  it  will  be  the  line  required. 


Case  II. 

When  the  parallel  is  to  be  drawn  at  a  given  distance  from  AB. 

From  any  two  points  c  and  d  in  the  line  AB,  with  a  radius  equal  to  the  |^ven  distance 
describe  the  arcs  e  and  /;  draw  the  line  CB  to  touch  those  arcs  without  cuttmg  them,  and 
it  will  be  parallel  to  AB,  as  required. 

1003.  Prob.  VII.      To  divide  a  Une  AB  into  any  proposed  number  of  equal  parti. 
Draw  any  other  line  AC  (Jig.  365.),  forming  any  angle  with 

the  given  line  AB  ;  on  the  latter  set  off  as  many  of  any  equal 
parts  AD,  DE,  EF,  FC  as  those  into  which  the  line  AB 
is  to  be  divided ;  join  BC,  and  parallel  thereto  draw  the  other 
lines  FG,  EH,  DI ;  then  these  will  divide  AB,  as  required. 

1004.  Prob.  VIII.     Tojind  a  third  proportional  to  two  other 
Unee  AB,  AC. 

Let  the  two  given  lines  be  placed  to  form  any  angle  at  A  (Jig.  366.),  and  in-AB  take 
AD  equal  to  AC;  join  BC,  and  draw  DE  parallel  to  it;  then  AE  will  be  the  third 
proportional  sought. 
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IX.      Tb  Jhda  fowth  proporHtmal  to  three  Hnee  AB,  AC,  AD. 
the  lines   AB, 
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1005.  Pkob. 
Let  two  of 

AC  (Jiff.  S67.),  be  so  placed 
as  to  form  any  angle  at  A, 
and  set  out  AD  or  AB;  join 
BC,  and  parallel  to  it  draw 
D£;  then  A£  will  be  the 
fourth  proportional  required. 

1006.  PaoB.  X.  To  find  a 
ftktan  proportional  between  two 
Hnes  AB,  BC. 

Place    AB,    BC   (Jiff.  368.) 
Joined  tc^ther  in  one  straight  line  AC,  which  bisect 
centre   O  and  radius 
OA  or   OC   describe 

the  semicircle   ADC,    ^ u 

to  meet  which  erect 
the  perpendicular  BD, 
which  will  be  the 
mean  proportional  be- 
tween AB  and  BC 
sought. 

1007.  PaoB.  XL  7b 
/i»d  the  centre  of  a 
drde. 

Draw  any  chord  A  B 

(Jiff.  369.),  and  bisect  perpendicularly  with  the  line  CD,  which  bisected  in  O  will  be  th« 
centre  required. 

1008.  PaoB.  XII.      To  deeeribe  the  eircwnferenee  of  a  circle  through  three  pointe  A,  B,  C. 
From  the  middle  point  B  (Jiff.  370.)  draw  the  chords  BA,  BC  to  the  two  other  points, 

and  bisect  these  chords  perpendicularly  by  lines  meeting  in  O,  which  will  be  the  centre ; 
from  the  centre  O,  with  the  distance  of  any  one  of  the  points,  as  OA,  describe  a  circle, 
and  it  will  pass  through  the  two  other  points  ^  A 

B,  C  as  required. 

1009.  PaoB.  XIII.  Th  draw  a  ta$tffent  to  a 
circle  throuffh  a  ffiven  point  A. 

When  the  given  point  A  (^.  371.)  is  in  the 
circumference  of  the  circle,  join  A  and  the 
centre  O,  and  perpendicuhtf  thereto  draw 
BAC,  which  will  be  the  tangent  required. 

If  the  given  point  A  (Jiff.  372.)  be  out  of 
the   circle,  draw  AO   to   the  centre   O,  on 
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which,  as  a  diameter,  describe  a  semicircle  cutting  the  given  circumference  in  D,  through 
which  draw  BADC,  which  will  be  the  tangent  required. 

1010.  PaoB.  XIV.  To  draw  an  equilateral 
trioMffle  OH  a  ffiven  line  AB. 

From  the  centres  A  and  B  (Jiff,  373.) 
with  the  distance  AB  describe  arcs  inter, 
aecting  in  C ;  draw  AC,  BC,  and  ABC  will 
be  the  equilateral  triangle. 

1 01 1 .  PaoB.  XV.  To  make  a  trianffle  with 
three  ffiven  lines  AB,  AC,  BC. 

With  the  centre  A  and  distance  AC  (Jiff. 
374.)  describe  an  arc ;  with  the  centre  B  and  distance  BC  describe  another  arc  cutting 
the  former  in  C ;  draw  AC,  BC,  and  ABC  will  be  the  triangle  required. 

1012.  PaoB.  XVI.  To  make  a  tquare  on  a 
given  Kne  AB. 

Raise  AD,  BC  (Jiff.  375.^  each  perpendi- 
eular  and  equal  to  AB,  and  join  DC;  then 
ABCD  will  be  the  square  sought. 

1013.  PaoB.  XVII.  To  insaibe  a  eirde  in 
a  ffiven  trioMffle  ABC. 

Bisect  the  angles  at  A  and  B  with  the  two  Fig.  37a.  pig.  876. 

lines  AD,  BD  0^.376.);  from  the  intersection  D,  which  will  be  the  centre  of  the 
circle,  draw  the  pei^pendiculars  DE,  DF,  DO,  and  they  will  be  the  radii  of  the  circle  re- 
quired. 

101 4.  PaoB.  XVI  1 1.      To  deecribe  a  circle  about  a  ffiven  trianffle  ABC 
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Bisect  any  two  sides  with  two  of  the  perpendieulArs  DE,  DF,  DG  {Jig.  377.),  and  D 
will  be  the  centre  of  the  circle. 

1015.  Prob.  XIX.  To  t«Mm6e  on  egviZaforo/ 
trianffU  in  a  given  circle. 

Through  ^e  centre  C  draw  any  diameter  AB 
Cfiff'  378.) ;  from  the  point  B  as  a  centre,  with 
the  radius  BC  of  the  given  circle,  describe  an 
arc  DCE  ;  join  AD,  AE,  DE,  and  ADE  is  the 
equilateral  triangle  sought. 

1016.  PaoB.  XX.  7h  inicribe  a  square  in  a 
given  cirde. 

Draw  two  diameters  AC,  BD  (/^.  379.)  crossing  at  right  angles  in  the  centre  E ;  then 
join  the  four  extremities  A,  B,  C,  D  with  right 
lines,  and  these  will  form  the  inscribed  square 
ABCD. 

1017.  Pros.  XXI.  To  describe  a  Mqvare  about 
a  given  circle. 

Draw  two  diameters  AC,  BD  crossing  at  right 
angles  in  the  centre  E  (Jig.  380.) ;  then  through 
the  four  extremities  of  these  draw  FG,  IH  pa- 
rallel to  AC,  and  FI,  GH  parallel  to  BD,  and 
they  will  form  the  square  FGHL 

1018.  Prcw.  XXII.      To  inscribe  a  eirde  in  a  given  square. 

Bisect  the  two  sides  FG,  FI  in  the  points  A  and  B  (see  y!^.  380.);  then  through 
these  two  points  draw  AC  parallel  to  FG  or  IH,  and  BD  parallel  to  FI  or  GH.  Then 
the  point  of  intersection  E  will  be  the  centre,  and  the  four  lines  EA,  EB,  EC,  ED  radii 
of  the  inscribed  circle. 

101 9.  Prob.  XXIII.      To  cut  a  given  line  in  extreme  and  mean  ratio. 

Let  AB  be  the  eiven  line  to  be  divided  in  extreme  and  mean  ratio  (^g,  381.) ;  that  is, 
so  that  the  whole  Ime  may  be  to  the  greater  part 
as  the  greater  part  is  to  the  less  part. 

Draw  BC  perpendicular  to  AB,  and  equal  to 
half  AB ;  join  AC,  and  with  the  centre  C  and 
distance  CB  describe  the  circle  BD;  then  with 
the  centre  A  and  distance  AD  describe  the  arc 
DE.  Then  AB  will  be  divided  in  E  in  extreme 
and  mean  ratio^  or  so  that  AB  is  to  AE  as  AE  is 
to  EB. 

1020.  Prob.  XXIV.  To  inscribe  an  isosceles 
triangle  in  a  given  circle  thai  shaU  have  each  of  the 
angles  at  the  base  double  the  angle  at  the  vertex. 

Draw  any  diameter  A B  of  the  given  circle  (Jig.  382.),  and  divide  the  radius  CB  in  the 
point  D  in  extreme  and  mean  ratio  (by  the  last  problem) ;  from  the  point  B  apply  the 
chords  BE,  BF,  each  equal  to  the  greater  part 
CD;  then  join  AE,  AF,  EE  ;  and  AEF  will  be 
triangle  required. 

1021.  Prob.  XXV.  To  inscribe  a  regular  pen- 
tagon  in  a  given  cirde. 

Inscribe  the  isosceles  triangle  AB  (Jig.  383.) 
having  each  of  the  angles  ABC,  ACB  double 
the  angle  BAC  (Prob.  24.) ;  then  bisect  the 
two  arcs  ADB,  AEC,  in  the  points  D,  E; 
and  draw  the  chords  AD,  DB,  AE,  EC ;  then 
ADBCE  will  be  the  inscribed  equilateral  triangle  required. 

1022.  Prob.  XX  VI.      To  inscribe  a  regular  hexagon  in  a  circle. 

Apply  the  radius  of  the  given  circle  AO  as  a  chord  (Jig.  384.)  quite  round  the  circum- 
ference, and  it  will  form  the  points  thereon 
of  the  regular  hexagon  ABCDEF. 

1023.  Prob.  XXVII.    To  describe  a  re- 
guktr  pentagon  or  hexagon  tdwut  a  circle. 

In  the  given  circle  inscribe  a  regular 
polygon  of  the  same  name  or  number  of 
sides  as  ABCDE  (Jig,  385.)  by  one  of  the 
foregoing  problems ;  then  to  idl  its  angu- 
lar points  draw  (Prob.  13.)  tangents,  and 
these  will  by  their  intersections  form  the 
circumscribing  polygon  required. 
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I0S4.   Prob.  XXVIII.      To  inscribe  a  circle  in  a  rtffuUir  polpgom» 

Bisect  any  two  sides  of  the  polygon  by  the  perpendiculars  GO,  FO  (^ff.  386.),  and  their 
intersection  O  will  be  the  centre  of  the  inscribed  circle,  and  OG  or  OF  will  be  the 
radius. 

1025.  Prob.  XXIX.      To  describe  a  circle  abmit  a  reg^dar  pciygoH. 

Bisect  any  two  of  the  angles  C  and  D  with  the  lines  CO,  DO  (/fy.  387.),  then  their 
intersection  O  will  be  the  centre  of  the  cir- 
cumscribing  circle ;  and  OC  or  OD  will  be 
the  radius. 

1026.  Prob.  XXX.  To  make  a  triangle 
eqmal  to  a  given  quadrilateral  A  BCD. 

Draw  the  diagonal  AC  (Jig.  388.),  and 
parallel  to  it  D£,  meeting  BA  produced  at 
£,  and  join  C£;  then  will  the  triangle  C£B 
be  equal  to  the  given  quadrilateral  A  BCD. 

10S7.   Prob.  XXXI.      To  make  a  triangle  egual  to  a  given  pentagon  ABCDE. 

Draw  DA  and  DB,  and  also  £F,  CG  parallel  to  them  (Jig.  389.),  meeting  AB  pro- 
duced at  F  and   G  ;  then  draw   DF  and 
DG,  so  shall  the  triangle  DFG  be  equal  to 
the  given  pentagon  ABCDE. 

1028.  Prob.  XXXII.  To  make  a  rect- 
angle equal  to  a  given  triangle  ABC. 

Bisect  the  base  AB  in  D  (Jig.  390.),  then 
raise  D£  and  BFperpendicultf  to  AB,  and 
meeting  CF  parallel  to  AB  at  £  and  F. 
Then  DF  wUl  be  the  rectangle  equal  to 
the  given  triangle  ABC. 

1029.  Prob.  XXXIII.      To  make  a  square  equal  to  a  given  rectangle  ABCD. 
Produce  one  side  AB  till  BE  be  equal  to  the  other  side  BC  (Jig,  391.).     On  AE  as  a 

diameter  describe  a  circle  meeting  BC  pro- 
duced at  F,  then  will  BF  be  the  side  of 
the  square  BFGH  equal  to  the  given  rect- 
angle BD,  as  required. 

1030.  Prob.  XXXIV.  To  draw  a  cate- 
nary. 

A  catenary  being  a  curve  into  which  a 
perfectly  flexible  cord  or  chain  will  arrange 
itself  when  suspended  by  its  two  extremities,  it  may  thus  be  described.  Let  AB  (Jig.  392.) 
be  a  given  line  from  two  points  c,  d,  whereof  the  curve  is  to  &1],  and  let  C  be  the  lowest  point 
in  the  curve.  From  two  pins  inserted  at  the  points  c  and  d  suspend  a  fine  cord  or  chain, 
lengthening  it  till  the  lowest  point  of  the  crown  touches  C,  then  a  pencil  tracing  its  line 
on  the  paper ;  the  curve  thus  formed  will  be  the  catenary  required. 

1031.  Prob.  XXXV.      To  draw  a  cycloid. 

If  the  circumference  of  a  circle  be  rolled  along  a  right  line  AB  (Jig.  393.)  until  any 
point  bjb'm  the  circumference  which  was  in  contact  with  the 
lice  come  agun  in  contact  with  it,  the  point  b  will  describe  a 
curve  called  a  cycloid.  I/Ct  the  circle  be  BC,  and  the  semi- 
base  be  AB,  which  must  be  equal  to  the  semi-circumference  of 
the  circle.  Draw  any  chords  C6,  C6,  and  parallel  to  AB  draw 
the  horizontal  lines  a6,  ofr,  making  them  respectively  equal 
to  the  length  of  the  arcs  cut  off  by  the  chords.  Then  through 
the  points  a,  a,  so  obtained,  draw  a  curve  line,  and  it  will  be 
the  cycloid  required. 

1032.  Prob.  XXXVI.      To  draw  a  diagonal  scale. 

Let  it  be  of  feet,  tenths  and  hundredth  parts  of  a  foot.  Set  off  on  AB  (Jig.  394.)  as 
ipany  times  as  necessary,  the  number  of  feet  by  equal 
distances.  Divide  AG  into  ten  equal  parts.  On  AB 
raise  the  perpendiculars  BD,  GG,  and  AC,  and  set  off 
on  AC  ten  equal  divisions  of  any  convenient  length, 
through  which  draw  horizontal  lines.  Then,  from  the 
point  G  in  DC  to  the  first  tenth  part  from  G  to  A  in 
BA  draw  a  diagonal,  and  parallel  thereto  the  other, 
diagonals  required.  The  intersections  of  these  diago- 
nals with  the  horizontal  lines  give  hundredth  parts  of 
a  foot,  inasmuch  as  each  tenth  is  divided  by  the  dia- 
gonals into  ten  equal  parts  in  descending. 
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1 033.  Plane  Trigonometry  is  tb«t  branch  of  mathematics  whoae  object  is  the  investigation 
and  calculation  of  the  sides  and  angles  of  plane  triangles.  It  is  of  the  greatest  importance 
to  the  architect  in  almost  every  part  of  his  practice ;  but  the  elements  will  be  sufficient  for 
his  use,  without  pursuing  it  into  those  more  abstruse  subdivisions  which  are  essential  in 
the  more  abstract  relations  which  connect  it  with  geodisic  operations. 

1034.  We  have  already  observed  that  every  circle  is  supposed  to  be  divided  into  360 
equal  parts,  called  degrees,  and  that  each  degree  is  subdivided  into  60  minutes,  these 
minutes  each  into  60  seconds,  and  so  on.  Hence  a  semicircle  contains  180  degrees,  and  a 
quadrant  90  degrees. 

1035.  The  measure  of  an  angle  is  that  arc  of  a  circle  contained  between  those  two  lines 
which  form  the  angle,  the  anffular  point  being  the  centre,  and  such  angle  is  estimated  by 
the  number  of  degrees  contamed  in  the  arc.  Thus,  a  right  angle  whose  n^asure  is  a 
quadrant  or  quarter  of  the  circle  is  one  of  90  degrees  (Prop.  22.  Geometry) ;  and  the  sum 
of  the  three  angles  of  every  triangle,  or  two  right  angles,  ia  equal  to  180  degrees.  Hence 
in  a  right-anffled  triangle,  one  of  the  acute  angles  being  taken  from  90  degrees,  the  other 
acute  angle  is  known ;  and  the  sum  of  two  angles  in  a  triangle  taken  from  180  degrees 
leaves  the  third  angle ;  or  either  angle  taken  from  180  degrees  leaves  the  sum  of  the  other 
two  angles. 

1036.  It  is  usual  to  mark  the  figure  which  denotes  degrees  with  a  small  ^ :  thus,  60^ 
means  60  degrees ;  minutes  are  marked  thus  ' :  hence,  45'  means  45  minutes ;  seconds  are 
marked  thus  ",  49''  meaning  49  seconds ;  and  an  additional  comma  is  superadded  for  thirds, 
and  so  on.     Tlius,  58^  14'  25"  is  read  58  degrees.  14  minutes,  26  seconds. 

1037.  The  complemeiU  of  an  arc  is  the  quantity  it  wants  of  90 
degrees.  Thus,  AD  (^fiff.  395.)  being  a  quadrant,  BD  u  the  com- 
plement of  the  arc  AB,  and,  reciprocally,  AB  is  tiie  complement 
of  BD.  Hence,  if  an  arc  AB  contain  50  degrees,  its  complement 
BD  will  be  40. 

1038.  The  svppUment  of  an  tfrc  is  that  which  it  wants  of  180 
degrees.  Thus,  ADE  being  a  semicircle,  BDE  is  the  supplement 
of  the  arc  AB,  which  arc,  reciprocally,  is  the  supplement  of  BDE. 
Thus,  if  A B  be  an  are  of  50  degrees,  then  its  supplement  BDE 
will  be    130  degrees. 

1039.  The  line  drawn  from  one  extremity  of  an  arc  perpendicu- 
lar to  a  diameter  passing  through  its  other  extremity  is  called  a 
sine  or  right  tine.     Thus,  BF  is  the  sine  of  the  arc  AB,  or  of  the  Fiir.sss. 
arc  BDE.     Hence  the  sine  (BF)  is  half  the  chord  (BG)  of  the  double  arc  (BAG). 

1040.  That  part  of  the  diameter  intercepted  between  the  arc  and  its  sine  is  called  the 
ver»ed  sine  of  an  arc.  Thus,  AF  is  the  versed  sine  of  the  arc  AB,  and  £F  the  versed  sine 
of  the  arc  EDB. 

1041 .  The  tangent  of  an  arc  is  a  line  which  touches  one  end  of  the  arc,  continued  from 
thence  to  meet  a  line  drawn  from  the  centre,  through  the  other  extremity,  which  last  line  is 
called  the  secant  of  the  are.  Thus,  AH  is  the  tangent  and  CH  the  secant  of  the  arc 
AB.  So  EI  is  the  tangent  and  CI  the  secant  of  the  supplemental  arc  BDE.  The  latter 
tangent  and  secant  are  equal  to  the  former ;  but,  from  being  drawn  in  a  direction  opposite 
or  contrary  to  the  former,  they  are  denominated  negative. 

1048.  The  eorine  of  an  are  is  the  right  sine  of  the  complement  of  that  arc.  Thus  BF, 
the  sine  of  AB,  is  the  cosine  of  BD. 

1043.  The  cotangent  of  an  arc  is  the  tangent  of  that  arc*s  complement.  Thus  AH,  which 
is  the  tangent  of  A B,  is  the  cotangent  of  BD. 

1044.  The  cosecant  of  an  arc  is  the  secant  of  its  complement  Thus  CH,  which  is  the 
secant  of  AB,  is  the  cosecant  of  BD. 

1045.  From  the  above  definitions  follow  some  remarkable  properties. 

I.  That  an  arc  and  its  supplement  have  the  same  rine,  tangent,  and  secant ;  but  the  two 
latter,  that  is,  the  tangent  and  the  secant,  are  accounted  negative  when  the  are  exceeds  a  qua- 
drant, or  90  degrees.  II.  When  the  arc  is  0,  or  nothing ;  but  the  secant  then  becomes  the 
radius  CA,  which  is  the  least  it  can  be.  As  the  arc  increases  fivmO^  the  sines,  tangents,  and 
secants  all  increase,  till  the  are  becomes  a  whole  quadrant  AD,  and  then  the  sine  is  the 
greatest  it  can  be,  being  equal  to  the  radius  of  the  circle ;  under  which  circumstance  the 
tangent  and  secant  are  infinite.  III.  In  every  arc  AB,  the  versed  sine  AF,  and  the 
cosine  BK  or  CF,  are  together  equal  to  the  radius  of  the  circle.  The  radius  CA,  the 
tangent  AH,  and  the  secant  CH,  form  a  right-angled  triangle  CAH.  Again,  the  radius, 
sine,  and  cosine  form  another  right-angled  triangle  CBF  or  CBK.     So  also  the  radius, 
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cotangent,  and  cosecant  form  a  right-angled  triangle  CDL.    All  these  right-angled  triangles 
are  similar  to  each  other. 

1046.  Hie  sine,  tangent,  or  secant  of  an  angle  is  the 
sine,  tangent,  or  secant  of  the  arc  by  which  the  angle  is 
measoreo,  or  of  the  d^rees,  &c.  in  the  same  arc  or  angle. 
The  method  of  constructing  the  scales  of  chords,  sines, 
tangents,  and  secants  engraved  on  mathonatical  instru- 
ments is  shown  in  the  annexed  figure. 

1047.  A  trigonometrical  canon  (Jiff,  396.)  is  a  table 
wherein  is  given  the  length  of  the  sine,  tangent,  and 
secant  to  every  degree  and  minute  of  the  quadrant, 
compared  with  the  radius,  which  is  expressed  by  unity 
or  I  with  any  number  of  ciphers.  The  logarithms,  more- 
over, of  these  sines,  tangents,  and  secants,  are  tabulated,  so 
that  trigonometrial  cdUsulations  are  performed  by  only 
addition  and  subtraction.  (See  632.  et  w^.)  Tables  of 
this  sort  are  published  separately,  and  we  suppose  the  J  *o 
reader  to  be  provided  with  such.  ^  ^ 

1 048.  PaoBLEif  I.   To  wnffnJbt  the  natural  tine  and  eoeine       lo 
of  a  given  arc. 

The  semiperiphery  of  a  circle  whose  radius  is  I  is 
known  to  be  3*141592653589793,  &c. :  we  have  then  the 
following  proportion :  — 


80 


As  the  number  of  degrees  or  minutes  in  the  semicircle 
Is  to  the  degrees  or  minutes  in  the  proposed  arc. 
So  is  3*14159265,  &c.  to  the  length  of  the  said  arc. 


Fig.89S. 


Now  the  length  of  the  arc  being  denoted  by  the  letter  a,  and  its  sine  and  cosine  by  s  and  e, 
these  two  will  be  expressed  by  the  two  following  series,  viai.  — • 


g3  g» 

'""a-S"*"  2.3.4.6' 


a7 


9^.4.0.6.7 


+  &C. 


efi      efi       a^       » 
'^-"6 +120-5040+ **'• 


•^      '       2  ^  2.8.4      2A4.6.6 


+  &C. 


*       2  ^24 


"725 


+  &C. 


Example  1.  Let  it  be  reqmred  to  find  the  sine  and  cosine  of  one  minute.     The  number 
of  minutes  in  180  degrees  being  10800,  it  will  be,  first,  as  10800  :  1  ::3 -14159265,  &c.    : 
'000290888208665  »the  length  of  an  arc  of  one  minute.     Hence,  in  this  case, — 

a»*0002908882 
and  ^3  a  -000000000004 
The  difference  is  «m  •0(X)2908882,the  sine  of  one  minute. 
Also  from       I. 

take  ia«-0-0000000423079,  &c. 
leaves     c=   '9999999577,  the  cosine  of  one  minute. 

Example  2.   For  the  sine  and  conne  of  5  degrees :  — 

Here  180^  :  5°:. 3  14 159265,  &c.  :  •08726646»a,  the  length  of  5  degrees. 

Hence  a»  -08726646 

—JoSs- -00011076 

+  tJ80»« -00000004 

These  collected  give  «a -08715574)  the  sine  of  5  degrees. 

And  for  the  cosine  I  » 1  * 

~)a«a    -00380771 
+  ^4»   -00000241 

These  collected  give  c  »   '9961 9470,  the  co»ne  of  5  degrees. 

In  the  same  way  we  find  the  sines  and  cosines  of  other  arcs  may  be  computed.  The 
greater  the  arc  the  slower  the  series  will  converge ;  so  that  more  terms  must  be  taken  to 
make  the  calculation  exact     Having,  however,  the  sine,  the  cosine  may  be  found  from  it 

by  the  property  of  the  right-angled  triangle  CBF,  viz.  the  coane  CF»  -v/CB«-BF«, 

or  £ss  'v/l  —  5*.  There  are  other  methods  of  constructing  tables,  but  we  think  it  unnecessary 
to  mention  them ;  our  sole  object  being  here  merely  to  give  a  notion  of  the  mode  by 
which  such  tables  are  formed. 
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1049.  PmoB.  II.    7h  compute  the  tangentg  cmd  aeeanti. 

Havingi  by  the  foregoing  problem,  found  the  sines  and  cosines,  the  tangents  and  secants 
are  easily  found  from  the  principles  of  similar  triangles.  In  the  arc  AB  i/ijf,  S95.),  where 
BF  is  the  sine,  CF  or  BK  the  cosine,  AH  the  tangent,  CH  the  secant,  DL  the  cotangent, 
and  CL  the  cosecant,  the  radius  being  CA  or  CB  or  CD ;  the  three  similar  triangles  CFB, 
CAH,  CDL,  give  the  following  proportions:  — 

I.  CF  :  FB : :  CA  :  ah,  by  which  we  find  that  the  tangent  is  a  fourth  proportional 
to  the  cosine,  sine,  and  radius. 
II.   CF  :  CB: : CA  :  CH,  by  which  we  find  that  the  secant  is  a  third  proportional  to 
the  cosine  and  radius. 
III.   BF  :  FC : :  CD  :  DL,  by  which  we  find  that  the  ootangent  is  a  fourth  proportional 

to  the  sine,  cosine,  and  radius. 
IV.  BF  ;  BC : :  CD  :  CI^  by  which  we  find  that  the  cosecant  is  a  third  proportional 

to  the  sine  and  radius. 
Observation  1.  There  are  therefore  three  methods  of  resolving  triangles,  or  the  cases  of 
trigonometry;  viz.  geometrical  construction,  arithmetical  computation,  and  instrumental 
operation.  Tlic  method  of  carrying  out  the  first  and  the  last  does  not  need  explanation : 
the  method  is  obvious.  The  second  method,  from  its  superior  accuracy  in  practice,  is  that 
whereof  we  propose  to  treat  in  this  place. 

Observation  2.  Every  triangle  has  six  parts,  viz.  three  sides  and  three  angles.  And  in  all 
cases  of  trigonometry,  three  parts  must  be  given  to  find  the  other  three.  And  of  the  three 
parts  so  given,  one  at  least  must  be  a  side ;  because,  with  the  same  angles,  the  sides  may  be 
greater  or  less  in  any  proportion. 

Observation  3.  All  the  cases  in  trigonometry  are  comprised  in  three  varieties  only ; 
viz. 

1st.  When  a  side  and  its  opposite  angle  are  given.     2d.  When  two  sides  and  the  con- 
tained angle  are  given.     3d.  When  the  three  sides  are  given. 
More  than  these  three  varieties  there  cannot  possibly  be ;  and  for  each  of  them  we  shall 
give  a  separate  theoreuL 

1050.  Thsorxm   I.      When  a  nde  and  He  oppo$ite  angle  art  two  of  the  given  parte. 

Then  —  the  sides  of  the  triangle  have  the  same  proportion  to  each  other  as  the  sines  of 
their  opposite  angles  have.     That  is, 

As  any  one  side 

Is  to  the  sine  of  its  opposite  angle. 

So  IB  any  other  side 

To  the  sine  of  its  opposite  angle. 

For  let  ABC  {Jig.  397.)  be  the  proposed  triangle,  having  AB  the  greatest  nde,  and  BC 

the  least.     Take  AD  as  a  radius  e^ual  to  BC,  and  let 

fsll  the  perpendiculars  D£,  CF,  which  will  evidently  be 

the  sines  of  the  angles  A  and  B,  to  the  radius  AD  or 

BC.     Now  the  triangles  ADE,  ACF  are  equiangular ; 

they  therefore  have  their  like  sides  proportional,  namely, 

AC  :  CF::  AD  or  BC  :  DE,  that  is,  the  sine  AC  is  to 

the  sine  of  its  opposite  angle  B  as  the  side  BC  is  to  the 

sine  of  its  opposite  angle  A. 

Note  1 .  In  practice,  when  an  angle  is  sought,  the  proportion  is  to  be  begun  with  a  side 
opposite  a  given  angle ;  and  to  find  a  side,  we  must  b^n  with  the  angle  opposite  the 
given  side. 

Note  2.  By  the  above  rule,  an  angle,  when  found,  is  ambiguous ;  that  is,  it  is  not  certain 
whether  it  be  acute  or  obtuse,  unless  it  come  out  a  right  angle,  or  its  nuignitude  be  such  as 
to  remove  the  ambiguity ;  inasmuch  as  the  sine  answers  to  two  angles,  which  are  supple- 
ments to  each  other ;  and  hence  the  geometrical  construction  forms  two  triangles  with  the 
same  parts,  as  in  an  example  which  will  fi>llow ;  and  if  there  be  no  restriction  or  limitation 
included  in  the  question,  either  result  may  be  adopted.  The  degrees  in  a  table  answer- 
ing to  the  nne  is  the  acute  angle ;  but  if  the  angle  be  obtuse,  the  degrees  must  be  sub- 
tracted from  180  degrees,  and  the  remainder  will  be  the  obtuse  angle.  When  a  given 
angle  is  obtuse,  or  is  one  of  90  degrees,  no  ambiguity  can  occur, 
because  neither  of  the  other  angles  can  then  be  obtuse,  and  the 
geometrical  construction  will  only  form  one  triangle. 

Example  1.     In  the  plane  triangle  ABC, 

Let  AB  be  345  feet, 
BC      232  feet, 
I  A       37^  20': 
Required  the  other  parts. 
First,  to  the  angles  at  C  and  B  (Jig.  398.)  Fig.  398. 
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As  the  ride     BC^jtSS  .  .     Log.  2*365488 

To  sine  opp.  £  A  =  37®  20'  -  -  9-782796 

So  ride  AB  —345  -  -  2*537819 


To  rine  opp.  L  C=ilI5°  36'  or  64°  24'        =       9-955127 
Add  ZA«  37   20        37   20 

The  sum  »152  SS      101    44 

Taken  from  180  00      180  00 

Leaves  Z  B  27    04        78    16 

It  is  to  be  observed  here  that  the  second  and  third  logarithms  are  added  (that  is,  the 
numbers  are  multiplied),  and  from  the  sum  the  first  logarithm  is  subtracted  (that  is,  divi- 
rion  by  the  first  number),  which  leaves  the  remainder  9^55127,  which,  by  the  table  of 
rines,  is  fi^und  to  be  that  of  the  angle  1 15°  36',  or  64°  24'. 

To  find  the  ride  AC. 

As  sine  Z.  A         a 
To  opp.  ride  BC  »= 

So  rine  Z.  B  »  | 

To  opp.  ride  AC  b 
Or 

Example  2.     In  the  plane  triangle  ABC, 
Let  AB»  365  yards, 
ZA        -57°  12' 
£B        a  24   45 
Herein  two  anglca  are  given,  whose  sum  is  81°  57'.     Hierefore  180°— 81°  57'—  L ,  ice. 

As  sine  L  C—  98°    3'       -  -  -    Log.  9*9956993 

Is  to  AB      -     365  -  -  -  2*5622929 

So  rine  ZB-  24°  45'       ...  9*6218612 


37°  30' 

. 

. 

Log. 

9*782796 

232 

. 

. 

2*365488 

27   04 

. 

- 

9*658037 

78   16 

. 

. 

9*990829 

174   07 

. 

- 

2*240729 

374  56 

. 

• 

2*573521 

TorideAC-154    33'  -  -  -  a>2*1884548 

To  find  the  ride  BC. 

As  sine  ZB-  240  45'  -  •  -  Log.  9*6210612 

Is  to  AC      —154    33  -  -  -  2*1884548 

Sorin.ZAa57I2  -  ^  -  9*9245721 


TorideBC-309    86        -  -  -         -2*4911657 

1051.  Thborkm  IL      WJken  two  tides  and  their  contained  angle  are  given, 
Tlie  g^ven  angle  is  first  to  be  subtracted  from  180°  or  two  right  angles,  and  the  remainder 
will  be  the  sum  of  the  other  two  angles.     Divide  this  remainder  by  2,  which  will  give  the 
half  sum  of  the  said  unknown  angles ;  and  using  the  following  ratio,  we  have  — 

As  the  sum  of  the  two  given  rides 

Is  to  their  difference, 

So  is  the  tangent  of  half  the  sum  of  their  opporite  angles 

To  the  tangent  of  half  the  difference  of  the  same  angles. 

Now  the  half  sum  of  any  two  quantities  increased  by  their  half  difference  gives  the 
greater,  and  diminished  by  it  gives  the  less.  If,  therefore,  the  half  difference  of  the  angles 
abore  found  be  added  to  their  half  sum,  it  will  give  the  greater  angle,  and  subtracting  it  will 
leave  the  lesser  angle.  All  the  angles  thus  become  known,  and  the  unknown  ride  is  then 
found  by  the  fimner  theorem. 

For  let  ABC  (^Jig,  399.)  be  the  proposed  triangle,  having  the  two  given  rides  AC,  BC, 
including  the  given  angle  C.  With  the  centre  C  and  radius  e 
CA,  the  less  of  these  two  sides,  describe  a  semicircle,  meeting 
the  other  ride  BC  produced  in  D,  E,  and  the  unknown  side  AB 
in  A,  G.  Join  A£,  CG,  and  draw  DE  parallel  to  AE.  Now 
BE  is  the  sum  of  the  given  rides  AC,  CB,  or  of  EC,  CB  ;  and 
BD  is  the  difference  of  these  given  rides.  The  external  angle 
ACE  is  equal  to  the  sum  of  the  two  internal  or  given  angles 
CAB,  CBA ;  but  the  angle  ADE  at  the  circumference  is  equal  fis-sm. 

to  half  the  angle  ACE  at  the  centre ;  wherefore  the  same  angle  ADE  is  equal  to  half 
the  sum  of  the  given  angles  CAB,  CBA.  Also  the  external  angle  AGC  of  tiie  triangle 
BGC  is  equal  to  the  sum  of  the  two  internal  angles  GCB,  GBC,  or  the  angle  GCB  is 
equal  to  the  difference  of  the  two  angles  AGC,  GBC ;  but  the  angle  CAB  is  equal  to 
the  said  angle  AGC,  these  being  opposite  to  the  equal  rides  AC,  CG ;  snd  the  angle  DAB 
at  the  circumfierenoe  ib  equal  to  half  the  angle  DCG  at  the  centre.  Therefore  the  angle 
DAB  is  equal  to  half  the  difference  of  the  two  given  angles  CAB,  CBA,  of  which  it  has 
been  shown  that  ADE  or  CD  A  is  the  holf  sum. 
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Now  the  angle  DAE  in  a  semicircle,  ia  a  right  angle,  or  A E  is  perpendicular  to  AD ; 
and  DF,  para&l  to  A£,  is  also  perpendicular  to  AD :  therefore  AE  is  the  tangent  tk 
CD  A  the  half  sum ;  and  DF,  the  tangent  of  DAB,  the  half  difference  of  the  angles  to  the 
same  radius  AD,  by  the  definition  of  a  tangent  But  the  tangents  AE,  DF  being  parallel, 
it  will  be  as  BE  :  BD: :  AE  :  DF ;  that  is,  as  the  sum  of  the  sides  Is  to  the  difference  of 
the  sides,  so  is  the  tangent  of  half  the  sum  of  the  opposite  angles  to  the  tangent  of  half 
their  difference. 

It  is  to  be  obsenred,  that  in  the  third  term  of  the  proportion  the  cotangent  of  half  the 
given  angle  may  be  used  instead  of  the  tangent  of  the  half  sum  of  the  unknown  angles. 

c 

Example.     In  the  plane  triangle  ABC  (Jig,  400.), 

Let  AB«*345  ft. 
AC-174"07ft. 


ZA-  37°  20'. 


Now,  the  side  AB  being  345 
The  side  AC  174 -07 


Their  sum  is 
Their  difference 


519-07 
170*93 


.519'07 
=  170-93 

:  71°  2a 

B  44     16 

115 
27 


From 
Take  ^A 

Sum  of  C  and  B 
Half  sum  of  do. 

-  Log. 


K'g.  l'». 


180**  OO' 
37    20 

142    40 
71     20 


2-715226 

2-232818 

10-471298 

9*988890 


36 

4 


9-955126 
2-537819 
9-782796 
2-365489 


As  the  sum  of  their  sides  AB,  AC 
To  difference  of  sides        AB,  AC 
So  tang,  half  sum  L$  C  and  B 
To  tang,  half  diff*.   Z«  C  and  B 

These  added,  give  L  C 
And  subtracted,  give  L  B 

By  the  former  theorem  :  — 

As  sine  L  CUSf^  :  36',  or  64<>  24'    -  -   Log. 

To  its  opposite  side  AB  345 
So  sine  ^  A  37^20'-  .  .  - 

To  its  opposite  side  BC  232 

1052.   Thboruc  III.      When  the  three  tides  of  a  triangie  are  given. 
Let  fall  a  perpendicular  from  the  greatest  angle  on  the  opposite  side,  or  base,  dividing 
it  into  two  segments,  and  the  whole  triangle  into  two  right-angled  triangles,  the  propor* 
tion  wiU  be — 

As  the  base  or  sum  of  the  segments 

Is  to  the  sum  of  the  other  two  sides. 

So  is  the  difference  of  those  sides 

To  the  difference  of  the  segments  of  the  base. 

Then  take  half  the  difference  of  these  segments,  and  add  it  to  the  half  sum,  or  the  half  base, 
for  the  greater  segment ;  and  for  the  lesser  s^ment  subtract  it. 

Thus,  in  each  of  the  two  right-angled  triangles  there  will  be  known  two  sides  and  the 
angle  opposite  to  one  of  them,  whence,  by  the  first  theorem,  the  other  angles  will  be  found. 

For  the  rectangle  under  the  sum  and  difference  of  the  two  sides  is  equal  to  the  rectangle 
under  the  sum  and  difference  of  the  two  segpnents.  Therefore,  forming  the  sides  of  these 
rectangles  into  a  proportion,  their  sums  and  diff'erenoeii  will  be  found  proportionaL 

Example.     In  the  plane  triangle  ABC  (Jig,  401.), 

Let  AB».S45ft. 
AC » 232  ft 
BC- 174-07. 
LetUng  fall  the  perpendicular  CP, 
Base       BC  :  AC  +  BC::AC-BC  :  AP-BP; 


That  is,  345 


57-93 


406-07 
Its  half  is 
The  half  base  is 
The  sum  of  these  is 
And  their  difference 


68*18. 

34-09 
172-50 
206-59. 
138-41  > 


AP-BP; 


AP 
BP 


ns.401. 


Then,  in  the  triangle  APC  rigfat.4mgled  at  P, 

As  the  side  AC  —232 

Tosineopp.   LP  -  90<* 

So  is  side  AP  -206-59 

Tosineopp.   £  ACP  -  62°  56' 

Which  subtracted  from  s  90    O 

Leaves  LA  —   27    04 


-   Log.  2*365488 

10-000000 

2*315109 

9.949621 


Ch  iLr.  I. 


PLANE  TRIGONOMETRY 


34S 


Again,  in  the  triangle  BPC,  right-angled  at  P» 

As  the  side  BC  » 174*07 

To  sine  opp.  IP  «  90<^  00' 

So  is  side  BP  » 138^1 

To  sine  opp.  L  BCP  a  52"  40^ 
Which  taken  from         90    00 

the  ZJ3  e  37    SO 

a  63    5S 
B  53-40 
=  115-36 


-   Log.  2-240724 

10-000000 

2-141 168 

0-990444 


Also  the  angle  ACP 
Added  to  the  angle  BCP 
Gives  the  whole  angle  ACB 


So  that  the  three  angles  are  as  follow,  viz.  Z  A  27°  4' ;  Z  B  37°  20^ ;  LC\  15°  36. 

1053.  Theorem  IV.    Jfth^  triangle  be  rigJU-^mgkdy  any  unknoumpart  may  be  found  by  the 
fiOmcingproportum:^ 

As  radius 

Is  to  either  1^  of  the  triangle, 

So  is  tangent  of  its  a^jaoent  angle 

To  the  other  leg ; 

And  so  is  secant  of  the  same  angle 

To  the  hypothenuse. 

For  AB  being  the  given  leg  in  the  right-angled  triangle  ABC,  from  the  ^ 

centre  A  with  any  assumed  radius  AD  describe  an  arc  D£,  and  draw 

DP  perpendicular  to  AB,  or  parallel  to  BC.     Now,  from  the  definitions, 

DF  is  the  tangent  and  AF  the  secant  of  the  arc  DE,  or  of  the  angle  A, 

which  is  measured  by  that  arc  to  the  radius  AD.     Tlien,  because  of  the 

parallels  BC,  DF,  we  have  AD  :  AB::DF  :  BC,  and  ::  AF  :  AC,  which 

is  the  same  as  the  theorem  expresses  in  words. 

Note.   Radius  is  equal  to  the  sine  of  90°,  or  the  tangent  of  45°,  and  is 
expressed  by  1  in  a  table  of  natural  sines,  or  by  10  in  logarithmic  sines. 

Example  1.  In  the  right-angled  triangle  ABC, 

Let  the  leg  AB  »162 

Z  A  -53°  7'  48" 


As  radius 
To  leg  AB 
So  tang.    :  L  A 
To  leg  BC 
So  secant  Z  A 


-  Log.  lO'OOOOOO 
2-209515 

10-124937 
2-334452 

ia221848 
2*431363 


n  tang.  45° 
sl62      - 
=  53°  r  48" 
a216      - 
«53°  r  4&f 
To  hypothenuse  AC    —270      - 

Note.  There  is  another  mode  for  right-angled  triangles,  which  is  as  follows :  — 

ABC  being  such  a  triangle,  make  a  1^  AB  radius;  or,  in  other  words,  from  the  centre 
A  and  distance  AB  describe  an  arc  BF.     It  is  evident  that  the  other 
leg  BC  will  represent  the  tangent  and  the  hypothenuse  AC  the  se- 
cant of  the  arc  BF  or  of  the  angle  A. 

Li  like  manner,  if  BC  be  taken  for  radius,  the  other  leg  AB  repr^ 
sents  the  tangent,  and  the  hypothenuse  AC  the  secant  of  the  arc  BG 
or  angle  C 

If  the  hypothenuse  be  made  radius,  then  each  leg  will  represent 
the  sine  of  its  opposite  angle ;  namely,  the  leg  AB  the  sine  of  the 
arc  A£  or  angle  C,  and  the  leg  BC  the  sine  of  the  arc  CD  or 
angle  A. 

Then  the  general  rule  for  all  such  cases  is,  that  the  sides  of  the  triangle  bear  to  each 
other  the  same  proportion  as  the  parts  which  they  represent.  This  method  is  called 
making  every  side  radius. 

1054.  If  two  ndes  of  a  right-angled  triangle  are  given  to  find  the  third  side,  that  may  be 
found  by  the  property  of  the  squares  of  the  sides  (Geom.  Prop.  32. ;  viz.  That  the  square 

-of  the  hypothenuse  or  longest  side  is  equal  to  both  the  squares  of  the  two  other  sides 
together).  Thus,  if  the  longest  side  be  sought,  it  is  equal  to  the  square  root  of  the  sum  of 
the  two  shorter  sides ;  and  to  find  one  of  the  shorter  sides,  subtract  one  square  from  the 
other,  and  extract  the  square  root  of  the  remainder. 

1055.  The  application  of  the  foregoing  theorems  in  the  oases  of  measuring  heights  and 
distances  will  be  obvious.  It  is,  however,  to  be  observed,  that  where  we  have  to  find  the 
length  of  inaccessible  lines,  we  must  employ  a  line  or  base  which  can  be  measured,  and,  by 
means  of  angles,  which  will  be  furnished  by  the  use  of  instruments,  calculate  the  lengths 
of  the  other  lines. 
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COKIC    SECTIONS. 

1056.  The  eoitic  aeetionSf  in  geometry,  are  those  lines  formed  by  the  intersections  of  a  plane 
with  the  surface  of  a  cone,  and  which  assume  different  forms  and  acquire  different  properties, 
according  to  the  several  directions  of  such  plane  in  respect  of  the  axis  of  the  cone.  Their 
species  are  five  in  number. 

1 057.  Definitions. — 1 .   A  plane  passing  through  the  Tertez  of  a  cone  meeting  the  plane 
of  the  base  or  of  the  base  produced  is 
called  the  directing  fXane,     The  plane 
VRX  (Jig.  404.)  is  the  directing  plane, 

2.  The  line  in  which  the  directing  plane 
meets  the  plane  of  the  base  or  the  plane 
of  the  base  produced  is  called  the  di- 
rectrix.    The  line  RX  is  the  directrix. 

S.  If  a  cone  be  cut  by  a  plane  parallel  to  the 
directing  plane,  the  section  is  called  a 
conic  tedion,  as  AMB  or  AHI  (Jig. 
405.) 

4.  If  the  plane  of  a  conic  section  be  cut  by 
another  plane  at  right  angles  passing 
along  the  axis  of  the  cone,  the  common 
section  of  the  two  planes  is  called  the  fvc.404. 
line  of  the  axie, 

5.  The  point  or  points  in  which  the  line  of  the  axis  is  cut  by  the  conic  surface  is  or  are 
called  the  vertex  or  vertices  of  the  conic  section.     Thus  the 
points  A  and  B  (Jigs.  404.  and  405.)  are  both  vertices,  as  is  the 
point  A  or  vertex  (/ig.  406.). 

6.  If  the  line  of  the  axis  be  cut  in  two  points  by  the  conic  surface, 
or  by  the  sur&ces  of  the  two  opposite  cones,  the  portion  of 
the  line  thus  intercepted  is  called  the  primary  axis.  The  line 
AB  (Jige.  404.  and  405.)  and  AH  (Jig.  406.)  is  called  the 
primary  axis. 

7.  If  a  stnught  line  be  drawn  in  a  conic  section  perpendicular  to 
the  line  of  the  axis  so  as  to  meet  the  curve,  such  straight  line 
is  called  an  ordinate,  as  PM  in  the  above  figures. 

8.  The  abeeiua  of  an  ordinate. is  that  portion  of  the  line  of  axis 
contained  between  the  vertex  and  an  ordinate  to  that  line  of 
axis.     Thus  in  figs.  404,  405,  and  406.  the  parts  AP,  BP  of  the  line  of  axis  are 
tlie  abscissas  A  P. 

9.  If  the  primary  axis  be  bisected,  the  bisecting  point  is  called  the  centre  of  the  conic 
section. 

10.  If  the  directrix  fall  without  the  base  of  the  cone,  the  section  made  by  the  cutting 
plane  is  called  an  ellipse.  Thus,  injf!^.  404.,  the  section  AMB  is  an  ellipse.  It  is 
evident  that,  since  the  plane  of  section  will  cut  every  straight  line  drawn  from  the 
vertex  of  the  cone  to  any  point  in  the  circumference  of  the  base,  every  straight  line 
drawn  within  the  figure  will  be  limited  by  the  conic  surface.  Hence  the  axis,  the 
ordinates,  and  abscissas  will  be  terminated  by  the  curve. 

11.  If  the  directrix  fidl  vrithin  the  base  of  the  cone,  the  section  made  by  the  cutting  plane 
is  called  an  hyperbola.  Hence  it  is  evident,  that  since  the  directing  plane  passes 
alike  through  both  cones,  the  plane  of  section  will  cut  each  of  them,  and  there- 
fore two  sections  vrill  be  formed.  And  as  every  straight  line  on  the  surfiice  of  the 
cone  and  on  the  same  side  of  the  directing  plane  cannot  meet  the  cutting  plane, 
neither  figure  can  be  enclosed. 

1 2.  If  the  directrix  touch  the  curve  forming  the  base  of  the  cone,  the  section  made  by 
the  cutting  plane  is  a  parabola. 


Pig.  406. 


OF   THS  XLLIF8IS. 

1058.  The  primary  axis  of  an  ellipsis  is  called  the  nuyor  axis,  as 
AB  (Jig.  407.) ;  and  a  straight  line  D£  drawn  through  its  centre 
perpendicular  to  it,  and  terminated  at  each  extremity  by  the  curve, 
u  called  the  minor  axis. 

1059.  A  straight  line  VQ,  drawn  through  the  centre  and  ter- 
minated at  each  extremity  by  the  curve  is  called  a  diameter.  Hence 
the  two  axes  are  also  diameters. 
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1060.  The  extremities  of  a  diameter  which  terminate  in  the  curve  are  called  the  vertices 
of  that  diameter.     Thus  the  points  V  and  Q  are  the  vertices  of  the  diameter  VQ^ 

1061.  A  straight  line  drawn  from  any  point  of  a  diameter  parallel  to  a  tangent  at  either 
extremity  of  the  diameter  to  meet  the  curves  is  called  an  ordinate  to  the  two  abscissas. 
Thus  PM,  being  parallel  to  a  tangent  at  V,  is  an  ordinate  to  the  two  abscissas  VP,  PQ. 

1062.  If  a  diameter  be  drawn  through  the  centre  parallel  to  a  tangent  at  the  extremity 
of  another  diametert  these  two  diameters  are  called  conjugate  diameters.  Thus  VQ  and 
RS  are  conjugate  diameters. 

1063.  A  third  proportional  to  any  diameter  and  its  coi\jugate  is  called  the  parameter  or 
iatus  rectum. 

1064.  The  points  in  the  axis  whwe  the  ordinate  is  equal  to  the  semi-parameter  are 
called  the  foci. 

1065.  Tmkorxm  I.  /»  the  dlipns  the  squares  of  the  ordinatss  of  an  axis  are  to  each  other 
as  the  reetangies  of  their  abscissas. 

Let  AVB  (^.  408.)  be  a  plane  passing  through  the  axis  of  the  cone,  and  AEB 
another  section  of  the  cone  perpendicular  to  the  plane  of  the  former  ; 
AB  the  axis  of  the  elliptic  section,  and  PM,  HI  ordinates  perpen- 
dicular  to  it ;  then  it  will  be 

PM«;  HI«::APxPB  :  AH  x  HB. 

For  through  the  ordinates  PM,  HI  draw  the  circular  sections 
KML,  MIN  parallel  to  the  base  of  the  cone,  having  KL,  MN  for 
their  diameters,  to  which  PM,  HI  are  ordinates  as  well  as  to  the 
axis  of  the  ellipse.     Now,  in  the  similar  triangles  APL,  AHN, 

AP:  PL:: AH:  HN, 

And  in  BPK,  BHM, 

BP:  PK::BH :  HM. 

Taking  the  rectangles  of  the  corresponding  terms, 

APxBP:  PLxPK::AHxBH:HNxHM. 

By  the  property  of  the  circle, 

PL  X  PK-PM«  and  HN  x  HM»HK     Therefore, 
AP  X  BP  :  PM«: :  AH  x  HB  :  HI«,  or 
PM«:  HI«::APxBP:  AHxHB. 

CorolL  1.  If  C  be  the  centre  of  the  figure,  AP  x  PB=  CA«-  CP«,  and  AH  x  HB- 
CA«-CH«. 

Therefore  PM«  :  HI«::CA«-CP«  :  CA«-CH«.  For  AP=CA-CP,  and  PB- 
CA+CP:  consequently  AP  x  PB  =  (CA-CP)(CA  + CP)=CA«-CP«;  and  in  the 
same  manner  it  u  evident  that  AH  x  HB«(CA+  CH)(CA-CH)=CA«-CH<. 

CoroU.  2.  If  the  point  P  coincide  with  the  middle  point  C  of  the  semi-major  axis, 
PM  will  become  equal  to  CE,  and  CP  will  vanish  ;  we  shall  therefore  have 

PM«:  HI«::CA«-CP« :  CA«-CH« 

Now  CE«  :  HI«::CA«  :  CA«-CH«,  or  CA«x  HI««CE>(CA«-CH«> 

1066.  Thxorkm  II.  In  every  ellipsis  the  square  of  the  major  oris  is  to  the  square  of  the 
minor  axis  as  the  rectangle  of  the  abscissas  is  to  the  square  of  their  ordinate. 

Let  AB  (^fig.  409.)  be  the  migor  axis,  DE  the  minor  axis,  C  the  centre,  PM  and  HI 
ordinates  to  the  axis  AB  ;   then  will  ^   ^ 

CA« :  CE«: :  AP  X  PB :  PM«. 

For  since  by  Theor.  L,  PM«  :  HI«::  AP  x  PB  :  AH  x  HB  ;  and  if  a( 
the  point  H  be  in  the  centre,  then  AH  and  HB  become  each  equal 
to  CA,  and  HI  becomes  equal  to  CE  ;  therefore 

PM«  :  CE*: :  AP  x  PB  :  CA« ; 
And,  alternately,  CA«  :  CE«: :  AP  x  PB : :  PM«. 

CoroU.  1.      Hence,  if  we  divide  the  two  first  terms  of  the  analogy  by  AC,  it  will  be 

CA  :  S?::  AP  X  PB  :  PM«.     But  by  the  definition  of  parameter,  AB  :  DE::DE  :  pa* 

qCE'  2CE* 

rameter,  or  CA  :  CE: :2CE  :  parameter « -^j^.      Therefore  -^j^  is  the  parameter,  which 


PIf .  409. 


let  us  call  P ;  then 


AB:  P::APxPB:  PM«. 


CoroU.  2.      Hence   CA«  :  CE«::CA«-CP«  :  PM«.      For  CA9-CP««x(CA-CP) 
CA+CP)«(APxPB). 
Coroll.  3.     Hence,  also,  A  :  P::  CA«- CP«  :  PM«. 
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1067.  Thborck  III.     In  etery  eU^$,  the  §quare  of  the  minor  tuHe  is  to  the  equareof  the 
major  axie  at  the  difference  of  the  equaree  of  half  the  minor  axis  etnd 
the  dietanee  of  an  ordinaU  from,  &e  centre  on  the  minor  axit  to  the 
tquare  of  that  ordinate. 

Draw  MQ  (^.410.)  parallel  to  AB,  meeting  C£  in  Q;  then 
will 


'Or: 


CE«  :  CA«::CE«-CQ«  :  QM«; 
For  by  Cor.  2.  Theor.  II.,  CA«  :  CA«-CP«::CE«  :  PM«; 


Flc.4ia 
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Therefore,  by  division,         CA«  :  CP«::  CE«  :  CE«-PM«. 
Therefore,  since  CQ^PM  and  CP-QM ;  CA«  :  QM^::  CE^  :  C£8-  CQs. 

CoroU.  1.     If  a  circle  be  described  on  each  axis  as  a  diameter,  one  being  inscribed  within 
the  ellipse,  and  the  other  circumscribed  about  it,  then  an  ordinate 
in  the  circle  will  be  to  the  corresponding  ordinate  in  the  ellipsis 
as  the  axis  belonging  to  this  ordinate  is  to  the  axis  belonging  to 
the  other ;  that  is, 

CA:  CE::PG:  PM, 

andCE  :  CAllpg  IpM; 
and  since  CA«  :  CE«: :  AP  x  PB  :  PM«, 
and  because  AP  x  PB« PG« ;  C A«  :  CE«: :  PG*  :  PM«, 

or  CA:  CE::PG  :  PM. 

In  the  same  manner  it  may  be  shown  that  C£  :  CA: ipg  I  pM,  or,  alternately, 
CA  :  CE::/>M:/i9;  therefore,  by  equality,  PG  :  PMy.pM  :  pff^or  PG  :  QpirCP  Ipgt 
therefore  C^G  is  a  continued  strught  line. 

CorolL  2.  Hence,  also,  as  the  ellipsis  and  circle  are  made  up  of  the  same  number  of 
corresponding  ordinates,  which  are  all  in  the  same  proportion  as  the  two  axes,  it  follows 
that  the  area  of  the  whole  ^rcle  and  of  the  ellipsis,  as  also  of  any  like  parts  of  them,  are 
in  the  same  ratio,  or  as  the  square  of  the  diameter  to  the  rectangle  of  the  two  axes;  that  is, 
the  area  of  the  two  circles  and  of  the  ellipsis  are  as  the  square  of  each  axis  and  the 
rectangle  of  the  two ;  and  therefore  the  ellipsis  is  a  mean  proportional  between  the  two 
circles. 

CoroU.  3.  Draw  MQ  parallel  to  GC,  meeting  ED  in  Q;  then  will  QM»  CG«  CA ; 
and  let  R  be  the  point  where  QM  cuts  AB ;  then,  because  RMGC  is  a  parallelogram, 
RM  is  equal  to  CG*i  CE  ;  and  therefore,  since  QM  is  equal  to  CA,  half  the  m^jor  axis 
and  RMb  CE,  half  the  minor  axis  QR  is  the  difference  of  the  two  semi-axes,  and  hence 
we  have  a  method  of  describing  the  ellipsis.  Tliis  is  the  principle  of  the  trammel,  so  well 
known  among  workmen. 

If  we  conceive  it  to  move  in  the  line  DE,  and  the  point  R  in  the  line  AB,  while  the 
point  M  is  carried  from  A,  towards  E,  B,  D,  until  it  return  to  A,  the  point  M  will  in  its 
progress  describe  the  curve  of  an  eUipsis. 

1068.  TuxoaxM  IV.  The  equare  of  the  distance  of  the  foci  from  the  centre  of  an  dlipeit  is 
equal  to  the  difference  of  the  square  of  the  semi-axes. 

Let  AB  {fig,  412.)  be  the  mm'or  axis,  C  the  centre,  F  the  focus,  and  FO  the  serai-para- 
meter ;  then  will  CE^a  CA«  ~  CF^.  For  draw  CE  perpendicular 
to  AB,  and  join  FE.  By  Cor.  2.  Th.  II.,  CA«  :  CE«::CA«- 
CPa  :  FGS,  and  the  parameter  FG  is  a  third  proportional  to  CA, 
CE;  therefore  CA«  :  CE«::CEft  :  FG^  and  as  in  the  two  ana. 
logics  the  first,  second,  and  fourth  terms  are  identical,  the  third 
terms  are  equal ;  consequentiy 

CE«-  C  A«-  CF«. 
CorolL  1.     Hence  CF<»  C A«-  CE«. 

CoroU.  2.  The  two  semi-axes  and  the  distance  of  the  focus  from  the  centre  are  the  sides 
of  a  right-angled  triangle  CFE,  and  the  distance  F£  from  the  focus  to  the  extremity  of 
the  minor  axis  is  equal  to  C  A  or  CB,  or  to  half  tbe  miyor  axis. 

CoroU.  3.  The  minor  axis  CE  is  a  mean  proportions!  between  the  two  segments  of  the 
axis  on  each  ride  of  the  focus.     For  CE»=s  CA«—  CF«« (C A  +  CF)  x  (C A  —  CF). 

1069.  TfixoaXM  V.  In  an  dKpeie,  the  sum  of  the  Knee  drawn  from  the  foci  to  any  point  m 
fhe  curve  is  equal  to  the  meffor  axis. 

Let  the  points  F,/(^.413.)  be  the  two  foci,  and  M  a  point 
in  the  curve ;  join  FM  and/M,  then  wiU  AB»2CAb  FM  +/M. 

By  Cor.  2.  Th.  II.,  CA*  :  CE«::CA»-CP«  :  PM«, 

But  by  Th.  IV.,        C£««CA«-CF«; 

Therefore  CA«  :  CA«-  CF«: :  CA^- CPa  :  PM8 ;  p,g.4is. 

And  by  taking  the  rectangle  of  the  extremes  and  means,  and  diTidinir  tbe  eauation  bv 
CAS  the  result  is-—  01/ 


Fig.  4  It. 
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PM«-  C  A«-  CP«-  CF«  + 


CF«.CP« 
CA«     ■ 


And  because  FP««(CF-CP)«-CF2-2CF.  CP+  CP«, 

And  since      FM««  PM«  +  FP«. 

CF>.CP« 


Therefore       FM«-CAft-2CF.CP  + 


CAa 


CF.CP 


CF   CP 
Extracting  the  root  from  each  number,  FMs  C  A ClT^* 

In  the  same  manner  it  may  be  shown  that  FM«  CA  +  ^  QAaT^  *  therefore  the  sum  of 
these  is  FM+/Mb2CA. 

CorolL  1.  A  line  drawn  from  a  focus  to  a  point  in  the  curve  is  called  a  radius  vector,  and 
the  difference  between  either  radius  vector  and  half  the  m^or  axis  is  equal  to  half  the 
difference  between  the  radius  vectors.     For,  since 


/M-CA- 
CF.CP 


CF.CP 


CA 
CA— CA-/M. 


;  therefore,  by  tnm^oation. 


CF.CP 
CA 


is  a  fourth  proportional  to  CA,  CF,  CP ;  therefore  C A 


«4B 


Flff.414. 


CorolL  3.    Because 

CF::CP:  CA-/M. 

Cooroll.  3.  Hence  the  difference  between  the  mi^or  axis  and  one  of  the  radius  vectors  ^ves 
the  other  radius  vector.     For,  since  FM  +  M/»2CA  ; 

Therefore  FM-SCA-M/. 

CorolL  4.  Hence  is  derived  the  common  method  of  describing  an  ellipsis  mechanically, 
by  a  thread  or  by  points,  thus :  —  Find  the  foci  Ff  (>^.  414.),  and  in  the  axis  AB  assume 
any  point  G ;  then  with  the  radius  AG  frt>m  the  point  F  as  a 
centre  describe  two  arcs  H,  H,  one  on  each  side  of  the  axis ;  and 
with  the  same  radius  from  the  point  /  describe  two  other  arcs  h, 
h,  one  on  each  nde  of  the  miyor  axis.  Again,  with  the  distance 
GB  from  the  point/  describe  two  arcs,  one  on  each  side  of  the  axis, 
intersecting  the  arcs  HH  in  the  points  HH ;  and  with  the  same 
radius  from  the  point/  describe  two  other  arcs,  one  on  each  side  of 
the  axis,  intersecting  ihe  arcs  described  at  A,  A  in  the  point  A,  A.  In  this  maimer  we  may 
find  as  many  points  as  we  please ;  and  a  sufficient  number  being  found,  the  curve  will  be 
formed  by  tracing  it  through  all  the  points  so  determined. 

1070.  Theorem  VI.      The  square  of  half  the  mqfor  axis  U  to  the  square  of  half  the  minor 
axis  as  the  difference  of  the  squares  oftke  distanees  of  any  iwoordinates 
from  the  centre  to  the  difference  of  the  squares  of  Ae  ordinates  them- 
edves. 

Let  PM  and  HI  (Jl$f,  415.)  be  ordinates  to  the  major  axis  AB; 
draw  MN  parallel  to  AB,  meeting  HI  in  the  point  N ;  then  will 
PMstHN,and  MN»PH,  and  the  property  to  be  demonstrated  is 
thus  expressed  — 

CA« :  CE«::CP«-CH» :  Hlft-HN«. 

Or  by  producing  HI  to  meet  the  curve  in  the  point  K,  and  making  CQs  CP,  the  pro- 
perty to  be  proved  will  be 


Fie.  4 15. 


By  Cor.  2.  Theor.  II.  | 

Therefore 

But,  by  division. 

Alternately, 

And,  since  we  have  above. 

Therefore,  by  equality. 

But  since  CP«- 

And  since  HI>— 

Therefore  CA^ : 


CA« :  CE«: :  PH  X  HQ :  kn. 
CA4 :  CE»::CA»-CP« :  pm«, 
CA» :  CE4::CA4-CH» :  HR 

CA4-.CH«  :  CA«-CP«::HI«  :  PM*  or  HN«  ; 
CA«-CH«  :  CP«-CH«::HI«  :  Hia-HN«. 
CA«-CH«  :  HI«::CP«-CH4  :  HI«-HN2; 

CA«-CH2  :  HI«::CA» :  CE«, 

CA4  :  CE«::CP«-CH«  :  HI«-HN«; 
CH»=(CP-CHXCP+  CH)=PH  X  QH, 
HN«=(HI-HN)(HI  +  HN)-NIxKN, 
CE9::PH  X  HQ  :  NI  x  nk. 


CoroU.  1 .  Hence  half  the  migor  axis  is  to  half  the  minor  axis,  or  the  major  axis  is  to  the 
minor  axis,  as  the  difference  of  the  squares  of  any  two  ordinates  from  the  centre  is  to  the 
rectangle  of  the  two  parts  of  the  double  ordinate,  which  is  the  greatest  made  of  the  sum 
and  difference  of  the  two  semiordinates.  For  KN s  HK  +  HNa  HI  +  H N,  which  is  the 
tom  of  the  two  ordinates,  and  NIbHI— HN,  which  is  the  difference  of  the  two  ordinates. 

CorolL 2.  Hence, because  CP«-CH«-(CP-CH)(CP+  CH),and8ince  HI«-HN«- 
(HI-HNVHI+HN),  and  because   CP-CH«PH  and  HI-HN=NI;    therefore 

CA« :  CE«::(CP+  ch)PH  :  (HI  +  hn)NI. 
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1071.  Thsorkm  VII.     In  the  eOiptiM^  half  the  major  axit  ia  a  m§an  proportUmdl  between 
the  diatance  of  the  centre  and  an  ordinal,  and  the  diatanee  between 
the  centre  and  the  inUrteetion  of  a  tangent  to  the  vertex  of  that  or- 
dinate. 

To  the  m^jor  axis  draw  the  ordinates  PM  {Jig.  416.)  and  HI, 
and  the  minor  axis  CE.  Draw  MN  perpendicular  to  HI. 
Through  the  two  points  I,  M  draw  MT,  IT,  meeting  the  migor 
axis  produced  in  T ;  then  will  CT  ;  C A : :  CA  :  CP.     For, 

ByCor.  l.Theor.VL,  CE«  :  CAS::(IH  + HN)IN  :  (PC+CH)HP; 
By  Cor.  2.  Th.  II.,     CE*  :  CA«::PM«  :  CA«-CP«; 
Therefore,byequality,PM«..CA«-CP«::(IH  +  HN)IN  :  (PC  +  CH)HP. 
By  similar  triangles,   INM,  MPT ;    IN  :  NM  or  PH : :  PM  ;  PT  or  CT-  CP. 

Therefore,  taking  the  rectangles  of  the  extremes  and  means  of  the  two  last  equations,  and 
throwing  out  the  common  fiu^rs,  they  will  be  converted  to  the  equation 

PM(CT-CPXCP+  CH)-(CA8-CP«XIH  +  HN). 

But  when  HI  and  PM  coincide,  HI  and  HN  will  become  equal  to  PM,  and  CH  will 
become  equal  to  CP ;  therefore,  substituting  in  the  equation  2CP  for  CP  +  PH,  and  2PM 
for  IH  +  HN,  and  throwing  out  the  common  &ctors  and  the  common  terms,  we  have 

CT.  CP-CA« 

or  CT:  CA::CA  :  CP.' 

CorolL  1.  Since  CT  is  always  a  third  proportional  to  CP  and  CA,  if  the  points  P,  A,  B 
remain  fixed,  the  point  T  will  be  the  same ;  and  therefore  the  tangents  which  are  drawn 
from  the  point  M,  which  is  the  intersection  of  PQ,  and  the  curve,  will  meet  the  curve  in 
the  point  T  in  every  ellipsis  described  on  the  same  axis  AB. 

Coroll.  2.  When  the  outer  ellipsis  AQB,  by  enlarging,  becomes  a  circle,  draw  QT  per- 
pendicular to  CQ,  and  joining  TM,  then  TM  will  be  a  tangent  to  the  ellipsis  at  MM. 

CorolL  S.  Hence,  if  it  were  required  to  draw  a  tangent  from  a  given  point  T  in  the  pro- 
longation of  tbe  migor  axis  to  the  ellipsis  AEB,  it  will  be  found  thus :  —  On  AB  describe 
the  semicircle  AQB.  Draw  a  tangent  TQ  to  the  circle,  and  draw  the  ordinate  PQ  inter- 
secting the  curve  AEB  of  the  ellipsis  in  the  point  M ;  join  TM;  then  TM  is  the  tangent 
required.     This  method  of  drawing  a  tangent  is  extremely  useful  in  practice. 

1072.  Thiokzm  VIII.     Four  perpendiculara  to  the  nugor  txxie  intercepted  by  it  and  a  tan- 
gent  wiU  be  proportionals  when  the  Jlrat  and  laet  have  one  of  their 
extremitiee  in  the  verticee,  the  ttcond  m  the  point  of  contaety  and  the 
third  in  the  centre. 

Let  tbe  four  perpendiculars  be  AD,  PM,  CE,  BP,  of  which 
AD  and  BF  have  tbeir  extremities  in  the  vertices  A  and  B,  the 
second  in  the  point  of  contact  M,  and  tbe  third  in  the  centre  C ; 
then  will 


For,  by  Theor.  VII., 

By  division. 

That  is. 

By  composition. 

Therefore 


AD:  PM::CE:  BF. 
TC:  AC::AC:  CP; 

TC-AC:  CA-CP::TC:  ACorCB; 

TA  :  AP::TC  :  CB. 

TA  :  TA  +  AP::TC  :  TC+CB: 

TA  :  TP::TC  :  TB. 


Fig.  417. 


But  by  the  similar  triangles  TAD,  TPM,  TCE,  and  TBF,  the  sides  TA,  TP,  TC,  and 
TB  are  proportionals  to  the  four  perpendiculars  AD,  PM,  CE,  and  BF ;  therefore 

AD:  PM::CE:  BF. 

Coroll.  1.  If  AM  and  CF  be  joined,  the  triangles  TAM  and  TCP  will  be  similar. 
For  by  similar  triangles,  tbe  sides  TD,  TM,  T£,  TF  are  in  the  same  proportion  as  the 
sides  TA,  TP,  TC,  TB. 

Therefore      TD  :  TM : :  TE  :  TF; 

Alternately,  TD  :  TE::TM  ;  TF:  but  TAD  is  similar  to  TCE; 

Hence  TD  :  TE::TA  :  TC; 

Therefore,  by  equality,  TA  :  TM::TC  :  TF. 

Coroll.  2.  The  triangles  APM  and  CBF  are  rimilar  ; 

TP::TC :  TB. 

TP-TA::TB  :  TB-TC; 

AP::TB :  CB. 

TB : :  AP  :  CB  :  but  TPM  is  similar  to  TBF ; 
TB::PM:  BF: 
Therefore,  by  equality,  AP  :  PM : ;  CB  :  BF. 

CorolL  3.  If  AF  be  drawn  cutting  PM  in  I,  then  wiU  PI  be  equal  to  the  ^alf  of  PM. 


For 

TA 

By  division. 

TP 

That  is, 

TP 

Alternately, 

TP 

Consequently, 

TP 
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For,  anoe  AP  :  PM::CB  :  BF,  and,  by  the  similar  triangles  API,  ABF, 

AP:  PI::AB :  BF; 

Therefore  PM  :  PI : :  CB  :  AB. 
But  CB  is  the  half  of  AB  ;  therefore,  also,  PI  is  the  half  of  PM. 

1073.  Thxorui  IX.  If  two  fines  6e  dnxwnfrom  the  foci  of  an  dHpu  to  any  point  in  the 
eurvef  the$e  two  Unes  will  make  equal  anglee  with  a  tangent paeeing  through  that  point. 

Let  TM  (^Jig,  418."^  be  a  tangent  touching  the  curve 
at  the  point  M,  ana  let  F,/  be  the  two  foci;  join 
FM,  /M,  then  will  the  angle  FMT  be  equal  to  the 
angle  /M  R.      For  draw  the  ordinate  PM,  and  draw 

/R  parallel  to  FM,  then  will  the  triangles  TFM  and 

T/R  be  similar ;  and  by  Cor.  Theor.  VII.,  af  P  N  c         Jn 

Fig.  418. 

CA:  CP::CT:  ca; 

By  Cor.  2.  Theor.  V.,  CA  :  CP::CF  ;  CA-FM; 

Therefore,  by  equality,  CT  :  CF: :  CA  :  CA-  FM. 

By  division  and  composition,  CT-CF:  CT+CF::FM  :  2CA-FM; 

That  is,  TF  :  T/::FM  ;/M. 

By  the  similar  triangles  TFM,  T/R;  TF  :  T/::FM  :/R. 

It  therefore  appears  that  /M  is  equal  to  /R,  therefore  the  angle  /MR  is  equal  to  the 
angle /RM :  but  because  FM  and/R  are  parallel  lines,  the  angle  FMT  is  equal  to  the 
angle/RM ;  therefore  the  angle  FMT  is  equal  to  the  angle /MR. 

CoroU.  1.  Hence  a  line  drawn  perpendicular  to  a  tangent  through  the  point  of  contact 
will  bisect  the  angle  FM/,  or  the  opposite  angle  DMG.  For  let  MN  be  perpendicular 
to  the  tangent  TR.  Then,  because  the  angle  NMT  and  NMR  are  right  angles,  they  are 
equal  to  one  another ;  and  since  the  angles  FMT  and /MR  are  also  equal  to  one  another, 
the  remaining  angles  NMF  and  NM/are  equal  to  one  another.  Again,  because  the  oppo- 
site angles  FMN  and  IMG  are  equal  to  one  another,  and  the  opposite  angle  /MN  and 
IMD  are  equal  to  one  another ;  therefore  the  straight  line  MI,  which  is  the  line  MN  pro- 
duced, will  also  bisect  the  angle  DMG. 

Coroll.  2.  The  tangent  will  bisect  the  angle  formed  by  one  of  the  radius  vectors,  and  the 
prolongation  of  the  other.  For  prolong  FM  to  G.  Then,  because  the  angles  RMN  and 
RMI  are  right  angles,  they  are  equal  to  one  another ;  and  because  the  angles  NM/  and 
IMD  are  equal  to  one  another,  the  remaining  angles  RMG  and  RM/  are  equal  to  one 
another. 

Sckotium,  Hence  we  have  an  easy  method  of  drawing  a  tangent  to  any  given  point  M  in 
the  curve,  or  of  drawing  a  perpendicular  through  a  given  point  in  the  curve,  which  is  the 
usual  mode  of  drawing  the  joints  for  masonic  arches.  Thus,  in  order  to  draw  the  line  IM 
perpendicular  to  the  curve  :  produce  FM  to  G,  and/M  to  D,  and  draw  MI  bisecting  the 
angle  DMG ;  then  IM  will  be  perpendicular  to  the  tangent  TR,  and  consequently  to  the 
curve. 

As  in  optics  the  angle  of  incidence  is  always  found  equal  to  the  angle  of  reflection,  it 
appears  that  the  foundation  of  that  law  follows  from  this  tiieorem ;  for  rays  of  light  issuing 
from  one  focus,  and  meeting  the  curve  in  any  point,  will  be  reflected  into  lines  drawn  from 
these  points  to  the  other  focus :  thus  the  ray /M  is  reflected  into  MF:  and  this  is  the 
reason  why  the  points  F/are  called  /wt,  or  burning  points.  In  like  manner,  a  sound  in 
one  focus  is  reflected  in  the  other  focus. 

1074.  Theokck  X.  Every  parallelogram  which  has  ite  sides  parallel  to  two  conjugats 
diameters  and  eireumseribes  an  ellipsis  is  equal  to  the  rectangle  of  the  two  axes. 

Let  CM  and  CI  (^fig.  419.)  be  two  semi  conjugate  diame- 
ters. Complete  the  parallelogram  CI  DM.  Produce  CA 
and  MD  to  meet  in  T,  and  let  AT  meet  DI  in  t.  Draw 
IH  and  PM  ordinates  to  the  axis,  and  draw  half  the  minor 
axis  CE.  Produce  DM  to  K,  and  draw  CK  perpendicular 
to  DK  :  then  will  the  parallelogram  CI  DM  be  equal  to  the 
rectangle,  whose  sides  are  CA  and  C£ ;  or  four  times  the 
rectangle  CI  DM  will  be  equal  to  the  rectangle  made  of  the  two  axes  AB  and  GE. 

Bv  Cor  "nieor  VII  f  CA  :  CT;:CP  :  CA, 

uy  i^r.  meor.  vii.,  | ^  .  ca::CA  :  CH ; 

Therefore  C*  :  CT: :  CP  :  CH. 

By  the  rimilar  triangles  C/I,  TOM,     »  :  CT : :  CI  :  TM ; 
By  equality,  therefore,  CI  :  TM : :  CP  :  CH. 

By  the  similar  triangles  CIH,  TMP,  CI  :  TM::CH  :  PT; 
Therefore,  by  equality,  CH  :  PT: :  CP  :  CH. 

Consequently  CP  x  PT«  CH«. 

But  by  Theor.  VII.,  CP  x  CT«  CA« ; 

Therefore,  since  CT-  CP  +  PT,         CP«+  CP.PT« CA«, 
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And,  by  tmnapontioD,  CP.PT=CA»-CP«[ 

Henoe,  by  equdily,  CH<— CA*— CP«, 

Or,  bf  trMupowtini,  CP^-CA*— CH«. 

Butbj  Cor.S.  Tbaor.  I„  CAS  «  HI»-CE»(CA«-CH«), 

Aod  lubMituting  CP*  fix  itt  equal       IpAi.Hi.    rF»,rP». 
CAi'-Cm.weh.va  J   CA«x  HI»-CE««  CP«i 

Tbefrfbre  CA  :  CP::CE  :  HI. 

But>guD,by  Theor.  VII,  CA  ;  CP::CT:  CAi 

By  equality,  therdare,  CE  :  HI;:CT  :  CA. 

But  by  the  umilar  triuiglea  HIC,  ECT,  HI  :  CI::CK  :  CT; 
Therefore  CE:CI::CK:  CA: 

CoTuequently  CE  >c  CA  — CI  x  CK. 

The  ellips)  is  of  (o  fVequent  oceurrenee  ia  architectural  worlu,  thai  an  acquaintance  with 
all  the  propertie*  of  the  curve,  and  the  tuodes  of  deacribing  it,  ia  of  great  importance  to  the 
architect  Excepting  the  circle,  which  may  be  called  an  dlipaii  in  which  the  two  fad 
coincide,  it  la  the  moit  generally  employed  curre  in  architecture. 

1075.  PaoBLiM  I.      To  d f  cribi  an  tOipni. 

Let  two  pina  at  E  and  F  {Jig.  480.)  be  fixed  in  a  plana  within  a  ilriDg  wlioae  endi  an 
made  fait  at  C      If  the  point  C  be  drawn  „  n  a 

equally   tight  while  it  ii  moved  fbnrard 
in  the  plane  till    i'        '  -      ■•        i 

1076.  PaoB.  II.        3V    tee    I 
AB   and  EUo/an  dlipu  bting  gim 
potitim  and  jaagTtiludt,  to  dtKtibi  At  a 
araugh  polnti.  .„  ,,_ 

Let  the  two  diameters  cut  each  other  at 
C(/lg.  4SI.).  Draw  AP  and  BG  parallel  to  ED.  Divide  AC  and  AF  fscb  into  the 
fame  number  of  equal  parts,  and  draw  lines,  as  in  the  figure,  through  the  points  of  dinuoa ; 
v'a.  those  from  the  line  AF  to  the  poiot  D,  and  the  lines  through  ACtothep^tE; 
then  through  the  points  of  intenection  of  the  corresponding  lines  dnw  the  curve  AD,  and 
in  the  aame  manner  find  the  curve  BD ;  then  ADB  will  be  the  lemi-ellipini. 

It  ia  evident  that  the  same  method  also  eitenda  to  a  circle  by  making  CD  equal  to  CA ; 
(j^.  432.);  and  it  appears  that  the  two  lines  G>iming  any 
point  of  the  curve  to  be  drawn  will  make  a  right  an^e 
with  each  other.  For  these  lines  terminate  at  the  ex- 
tremities of  the  diameter  E  D,  and  the  point  of  concourse 
being  in  the  curve,  the  angle  made  by  them  must  be  a 
right  angle  1  that  is,  the  angle  EAD,  or  EAD,  orEiD,  or 
EjID,  is  a  right  angle :  and  from  this  properly  we  have 
the  following  method  of  drawing  the  segment  of  a  circle 
through  points  found  in  the  curve.  fW  <»•■ 

Thus,  let  AB  be  the  chord,  and  CD  be  the  versed  sine  of  an  arc  of  a  circle,  to  describe  tbs 
arc.    Through  D  draw  HI  (fy.  483.)  parallel  to  ABi  j™  ADaod  DB  ;  draw  AH  per- 
pendicular to  AD,  and  Bl  perpendicular  to  BD;  divide 
AC  and  HD  each  into  the  same  number  of  equal  parts, 
and  join  the  corTesponding  points ;  divide  AF  int 
same  number  of  equal  parts,  and  through  the  paints 
liuon  draw  lines  to  D,  and  through  the  corresponding 
points  where  these  lines  meet  the  fiirmer  draw  a  curve  j^  ,„_ 

AD.      In  the  same  manner  the  other  half  BD  may  be  drawn. 

lOTT.   PaoB.  IIL       A  dianrttr  KH  of  on  cSipril  Mng  givtn,  and  oa  ordinate  I 
Jhtd  the  limila  oftJu  other  amjugatt  diameter, 

Baett  KH  in  1  (/y.  4S4.).  through  I  draw  EA  parallel  to  DL,  and  draw  DC  an 
perpendicular  to  EA  ( Irom  the  point  L  with  the  distance  K  describe 
an  arc  cutting  EA  at  F ;  Join  LF,  and  produce  LF  to  C ;  make  IE 
and  IA  each  equal  to  LO ;  then  will  EA  be  a  diameter  conjugate 
toKH. 


WW 


eUipeit  being  given,  to  dexribe  tha  a 

Find  the 
preceding  construction.  Produc 
IA  or  IE,  and  through  the  centre  I  of  the  curve  and  the  point  ;,  draw  the  itraighl  lino 
MN.  Then,  suppose  the  straight  Lne  KB;  to  be  an  infleiible  rod,  baving  the  point  B 
marked  upon  it.  Move  the  rod  round,  u  that  the  point  q  on  the  rod  may  be  in  the  line 
MN,  while  the  point  B  ia  in  the  line  EA  ;  then,  at  any  instant  of  the  motion,  Ibe  place 
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of  the  point  K  on  the  plane  whereon  the  figure  is  to  be  drawn  may  be  marked ;  the  points 
thus  found  will  be  in  the  curve.  Instead  of  a  rod,  a  slip  of  paper  may  be  used,  and  in  some 
eases  a  rod  with  a4justible  points  to  slide  in  a.  cross  groove,  and  a  sliding  head  for  a  pencil 
is  conrenient;  and  such  an  instrument  is  called  a  tnmmd. 

When  the  diameters  KH  and  £A  (>f^.  425.)  are  at  right  angles  to  each  other,  the 
straight  line  Kq  coincides  with  the  diameter  KH,  and  consequently 
the  kne  MN,  on  which  the  point  9  of  the  infiexible  line  Kq  moves, 
will  also  fidl  upon  the  diameter  KH.  Hierefore  in  this  case  no- 
thing more  is  required  to  find  the  limits  of  the  other  diameter, 
than  to  take  the  half  diameters  IK,  KH  of  the  given  diameters, 
and  from  the  extremity  L  with  that  distanoe  describe  an  are 
cutting   the  unlimited  diameter  in  the  point  F;  then  drawing  fv.4M. 

L.F,  and  producing  it  to  q,  and  making  IE  and  lA  each  equal  to  9L,  £A  will  be  the 
other  diameter ;  and  since  the  two  diameters  are  at  right  angles  to  each  other,  they  are 
the  two  axes  given  in  position  and  magnitude,  and  thus  the  curve  may  be  described  as 
befiare. 

A  method  of  describing  the  curve  from  any  two  conjugate  diameters  is  oceasionally  of 
considerable  use,  and  particularly  so  in  perspective.  For,  in  every  representation  of  a 
circle  in  perspective,  a  diameter  and  a  double  ordinate  may  be  determined  by  making  one 
of  the  diameters  of  the  original  circle  perpendicular  to  the  plane  of  the  picture  and  the 
other  parallel  to  it ;  and  then  the  representation  of  the  diameter  of  the  original  circle, 
which  is  perpendicular  to  the  intersecting  line,  will  be  a  diameter  of  the  ellipsis,  which  is 
the  representation  of  that  circle ;  and  the  representation  of  the  diameter  of  the  circle 
which  is  parallel  to  the  intersecting  line  will  become  a  double  ordinate  to  the  diameter  of 
the  ellipsis  which  is  the  perspective  representation  of  the  circle. 

1079.  Peob.  V.  T%nmgh  two  given  points  A  and  B  to  de$erfbe  an  dHptis,  the  centre  C 
beinff  given  in  position  and  the  greater  axis  being  given  in  magnihide  onfy. 

About  the  centre  C  (Jig.  436.)  with  a  radius  equal  to  half  the 
greater  axis  describe  a  circle  HEDG  ;  join  AC  and  BC  ;  draw 
AD  perpendicular  to  AC,  and  BE  perpendicular  to  BC, 
cutting  the  circumference  in  the  points  D  and  E ;  draw  also 
BF  parallel  to  AC,  and  find  BF,  which  is  a  fi^urth  propor- 
tional to  AD,  AC,  and  BE  ;  through  the  point  F  and  the  centre 
C  draw  FG  to  cut  the  circle  in  H  and  G,  and  GH  is  the  m^jor 
axis  of  the  ellipas.  By  drawing  an  ordinate  Bq,  the  curve  may 
be  described  by  the  preceding  problem,  having  the  axis  GH  and 
the  ordinate  B9. 

1080.  PaoB.  VI.  Tkrough  a  given  point  in  the  major  oris  of  a  given  eUipsis  to  describe 
smother  similar  dHpsis  which  shaU  have  the  same  centre  and  its  mqjor  axis  on  the  same  straight 
tine  as  that  of  the  given  eOipsis, 

Let  ACBD  (fig,  427.)  be  the  given  ellipsis,  having  AB  for  its  major  axis  and  CD  for 
its  minor  axis,  which  are  both  given  in  position  and  magnitude. 
It  is  required  to  draw  a  similar  ellipsis  through  the  point  G  in  the 
mjgor  axis  AG.  Draw  BK  perpendicular  and  CK  paraUel  to 
AB,  and  join  KE.  Again,  draw  GL  perpendicular  to  AB  cut- 
ting EK  at  L,  and  draw  LH  parallel  to  AB  cutting  CD  in  H. 
On  the  axis  CD  make  EI  equal  to  EH,  and  on  the  axis  AB 
make  EF  equal  to  EG.  Then,  having  the  major  axis  AB,  and 
the  minor  axis  FG,  the  ellipsis  FIGH  may  be  described,  and  when  drawn,  it  will  be 
similar  to  the  given  ellipsis  ADBC. 

1081.  Pros.  VII.  Through  any  given  point  p,  within  the  curve  of  a  given  dlipsis  to 
describe  another  ellipsis  which  shall  be  similar  and  concentric  to  the  given  one. 

Let  C  (>?^.428.)  be  its  centre.  Draw  the  straight  line  CpP,  cutting  the  curve  of  the 
given  ellipsis  in  P.  In  such  curve  take  any  other  number  of 
poinU  Q,  R,  S,  &c,  and  join  QC,  RC,  SC,  &c ;  join  PQ  and 
draw  pq  pandlel  thereto  cutting  qC  ntq:  join  PR  and  draw  pr 
parallel  to  PR,  cutting  RC  at  r;  join  PS  and  draw  ps  parallel  to 
PS  cutting  SC  in  s.  The  whole  being  completed,  and  the  curve 
pjSyt,u  drawn  through  the  points  p,  9,  r,  s,  &c.,  the  figure  will 
be  similar  and  concentric  to  the  given  ellipse  P,  S,  T,  U ;  or  when 
the  points  at  the  extremities  for  one  half  of  the  curve  have  been 
drawn,  the  other  half  may  be  found  by  producing  the  diameter  to  the  opposite  side,  and 
making  the  part  produced  equal  to  the  other  part. 

1068.  PaoB.  VIII.  About  a  given  rectangle  ABCD  to  describe  an  ellipsis  which  shaU 
have  its  major  and  minor  axes  respeetivelg  parallel  to  the  sides  of  the  rectangle  and  its  centre  in 
the  points  of  intersection  of  the  two  diagonals. 

Bisect  the  sides  AD  and  AB  (yr^.  429.)  of  the  rectangle  respectively  at  L  and  O; 
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through  L  draw  GH  parallel  to  AB  cutting  the  opposite  ude  BC  of  the  rectangle  in  M, 

and  trough  the  point  O  draw  KI  parallel  to  AD  or  BC  cutting 

the  opposite  side  DC  in  N.     In  NK  or  NK  produced,  make  NQ 

equal  to  NC,  and  join  CQ;    draw  QR  parallel  to  GH  cutting  CB 

or  CB  produced  in  R;  make  £H  and  EG  each  equal  to  Q,C,  as 

also  EI  and  EK  each  equal  to  PC ;  then  will  GH  be  the  m^jor  axis 

and  KI  the  minor  axis  of  the  ellipsis  reouired. 

llie  demonstration  of  this  method,  in  which  the  line  Q,K  has 
nothing  to  do  with  the  construction,  is  as  follows :  — - 

By  the  similar  triangles  CPM  and  COR,  we  have  CP  :  CM::CQ  :  CR. 

But  because  MP  is  equal  to  MCa  EN,  and  since  CR  is  equal  to  RQ^  EM, 

And,  by  construction,  since  PC  is  equal  to  EI  or  EK,  and  QC  is  equal  to  EG  or  EH, 

EI  :  EN::EH  :  EM,  or,  alternately,  EI  :  EH:: EN  :  EM. 

But  EN  is  equal  to  MC,  and  EM  equal  to  NC ; 

Whence  EI  :  EH : :  MC  :  CN. 
But  since  the  wholes  are  as  the  halves,  we  shall  have  KI  :  GH : :  BC  :  CD. 
This  problem  is  useful  in  its  application  to  architecture  about  domes  and  pendentives,  as 
well  as  in  the  construction  of  spheroidal  ceilings  and  other  details. 


OP  THE   H7PSRB0LA. 

1063.  The  direction  of  a  plane  cutting  a  cone,  which  produces  the  form  called  the  hyper- 
bola,  has  been  already  described ;   its  most  useful  properties  will  form  the  subject  of  tlie 
fi)llowing  theorems,  which  we  shall  pre&ce  with  a  few  definitions :  — 
1 .  The  primary  axis  of  an  hyperbola  is  called  the  transverse  axis. 

A  straight  line  drawn  through  the  centre  of  an  hyperbola  and  terminated  at  each 

extremity  by  the  opposite  curves  b  called  a  diameter. 
The  extremities  of  a  diameter  terminated  by  the  two  opposite  curves  are  called  the 

vertices  of  that  diameter. 
A  straight  line  drawn  from  any  point  of  a  diameter  to  meet  the  curve  parallel  to  a 

tangent  at  the  extremity  of  that  diameter  is  called  an  ordinate  to  the  two  abscissas. 
A  straight  line  which  is  bisected  at  right  angles  by  the  transverse  axis  in  its  centre, 
and  which  is  a  fourth  proportional  to  the  mean  of  the  two  abscissas,  their  ordinate, 
and  the  transverse  axis,  is  called  the  conjugate  axis. 
A  straight  line  which  is  a  third  proportional  to  the  transverse  and  conjugate  axis  is 
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called  the  lotus  rectum  or  parameter. 
The  two  points  in  the  transverse  axis  cut  by  ordinates  which  are 
equal  to  the  semi-parameter  are  called  theybci. 
1084.   Thsorkm  I.    In  the  hyperbola  the  squares  of  the  ordinates  of  the 
traneverse  axis  are  to  e€u:h  other  as  the  rectangular  of  their  abscisses. 

Let  QVN  (Jig.  4S0.)  be  a  section  of  the  cone  passing  along  the 
axis  VD,  the  Ime  of  section  of  the  directing  plane,  HB  the  line  of 
axis  of  the  cutting  plane,  the  directing  and  cutting  plane  being  per- 
pendicular to  the  plane  Q,VN.  Let  the  cone  be  cut  by  two  planes 
perpendicular  to  the  axis  passing  through  the  two  points  P,  H,  meet- 
ing the  plane  of  section  in  the  lines  PM,  HI,  which  are  ordinates  to 
the  circles  and  to  the  figure  of  the  section,  of  the  sanM  time. 

By  the  similar  triangles  APL  and  AHN,  AP  :  PL : :  AH  :  HN; 

And  by  the  similar  triangles  BPK  and  BHQ,  BP  :  PK : :  BH  :  Ha 
Therefore,  taking  the  rectangles  of  the  corresponding  terms,  AP  x  BP  :  PL  x  PK : :  AH  x 

BH  :  HNxHQ. 

But  in  the  circle,  PL  x  PK-=  PM*,  and  HN  x  HQ«  HI«  ; 

Therefore  •    AP  x  BP  :  PM«: :  AH  x  BH  :  MI«, 

Or,  alternately,     PM«  :  HI«::  AP  :  PB  :  AH  :  BH. 

1065.  Thborkm  II.  In  the  hyperbola^  as  the  square  of  the  transverse 
axis  is  to  the  square  of  the  conjugate  axis,  so  is  the  rectangle  of  the  abscissas 
to  the  square  of  their  ordinate. 

Let  AB  (Jig.  4Sl.)  be  the  transverse  axis,  G£  the  conjugate  axi^ 
C  being  the  centre  of  the  opposite  curves ;  also  let  HI  and  PM  be  or- 
dinates as  before ;  then  will 

AB«:  GE«::PAxPB :  PM«, 
Or  CA«  :  CE4 : :  PA  X  PB  :  PM«. 

By  Hieor.  L,  PA  x  PB  :  H A  x  HB : :  PM«  :  HI« ; 
Alternately,     PA  x  PB  :  PM«::HA  x  HB;:HR 
But  HAxHB:  HI2::AB«:  GE2; 

nierefore        AB«  :  GE*: :  PA  x  PB  :  PM«. 
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CotoU.     Henoe  ABs  :  GE« : :  CP^-  C A«  :  PM«  {ftg,  432.).     For  let  the  cutting  plane 
of  the  opposite  hyperbola  intersect  t«ro  circles  parallel  to  the  base  in 
HI  and  PM,  and  let  the  cone  be  cut  by  another  plane  parallel  to  the 
base,  passing  through  the  centre  C  of  the  transyerse  axis,  and  let  am 
be  the  diameter  of  the  circle  made  by  the  plane  QVN. 

Then     ACm,  APK  are  similar,  and  AC  :  Cm : :  AP  :  PK. 
And  as  BC«»,  BPL  are  similar,  BC  :  Cn  : :  BP  :  PL. 

Therefore,  taking  the  rectangles  of  the  corresponding  terms, 
BCx  AC  :  CaxCm::BPx  AP  :  PLxPK. 

But  BC:»AC;  CmxCn»Cf«;  and  PL x  PK »=  PM^. 

Therefore  AC«  :  C#«::APx  BP  :  PM«. 

Though  Ct  is  not  in  the  same  plane,  it  is  what  is  usually  called  the 
aemi-oonjugate  axis,  and  it  agrees  with  what  has  been  demonstrated 
in  the  first  part  of  this  proposition. 

1086.   Theorem  III.      In  the  hyperbola,   the  aquare  of  e&e  aemi- 
eamjugatt  axis  is  to  the  aquare  of  the  eemi'tranaveree  <uci$  a$  the  eum 
of  the  squaree  of  the  aemi-conjugate  euia  and  of  the  ordinate  paraUd  to  it  i»  to  the  square  of  the 
abecieecu. 

Let  AB  (^.  433.)  be  the  transverse  axis,  GE  the  conjugate,  C  the  cen- 
tre of  the  figure,  and  PM  an  ordinate,  then  will 

GE« :  AB«::CE«+PM« :  CP«. 

For,  by  Theor.  IL.   CE«  :  CA«::PM«  :  CP«-CA«, 
And, by  composition,  CE«  :  CA«::CE«+PM«  :  CP«. 

This  demonstration  nuxy  be  also  applied  to  what  are  called  conjugate 
hyperbolas. 

1067.  Theorem  IV.  In  the  hyperbola,  the  aquare  of  the  diatance  of  the 
focuafrom  the  centre  ia  equal  to  the  aum  of  the  aquarea  of  the  aemi-axca. 

Let  AB  (^fig,  434.)  be  the  transverse  axis,  C£  the  semi-coi^ugate.  In 
AB,  produced  within  the  curve  each  way,  let  F  be  one  focus;  and  /  the 
other,  and  let  FG  be  the  semi-parameter  then  CF«»CA«+  CE«. 

For,  by  Theor.  L,  CA«  :  CE«: :  FA  x  FB  :  FG« ; 

But,  by  property  of  parameter,  CA«  :  CE«::CE«  :  FG«. 
Therefore  CE«=  AF  x  FB=>  CF-  C A ; 

And,  by  transposition,  CF«»  C A«  +  C£«. 

CoToU.  1.  The  two  semi-axes,  and  the  distance  of  the  focus  from  the  centre,  are  the  sides 
of  a  riffht-angled  triangle  CEA,  of  which  the  distance  AE 
ia  the  distance  of  the  focus  from  the  centre. 

CorolL  2.  The  coi\jugate  axis  CE  is  a  mean  proportional 
between  FA  and  FB,  or  between  /B  and  /A,  for  CE«= 
CP*-CA=(CF+  CA)  X  (CF-CA)=.BF  x  AF. 

1068.  Theorem  V.  The  difference  of  the  radiua  vectora 
ia  equal  to  the  tranaverae  axia. 

That  is,     /M-FM- AB«2CA«2CB, 

For  C A«  :  CE« : :  dP«-  C A«  :  PM« ; 

And  CE««CF«-CA«. 

Therefore  CA«  :  CFtt-CA«::CP«-CA«  :  PM«. 

And  by  taking  the  rectangle  of  the  extremes  and  means,  and 
dividing  by  CAS 

PM«-^^^f— -CP»-CP«+  CA«; 

But  FP««(CP-CF)«*CP«-2CPxCF+CF«, 

And  FM4-PMa+FP«. 


Pl«.  493. 


n§.w. 


F1g.4U. 


FM 


CA      -"^A. 


Tljerefore  FM««^^^^^-2CP  x  CF+  CA«. 
Now  each  side  of  this  equation  is  a  complete  square. 
Therefore,  extracting  the  root  of  each  number, 

In  the  same  manner  we  find  ^^^ 

And,  subtracting  the  upper  equation  from  the  Iower,/M— FMbSCA. 

Coroll.  1.  Hence  is  derived  the  common  method  of  describing  the  hyperbolic  curve 
mechanically.  Thus  :  —  In  the  transverse  axis  AB  produced  (/ig.  435.),  take  the  foci  F,/, 
and  any  point  I  in  the  straight  line  AB  so  produced.     Then,  with  the  radii  A  I,  fil,  and  the 
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centre  F,  /,  describe  arcs  intersecting  each  other ;  call  the  points  of  intersection  E,  then  £  will 

be  a  point  in  the  curve ;  with  the  same  distances  another  point  on  the 

other  side  of  the  axb  may  be  found.     In  like  manner,  by  taking  any 

other  points  I,  we  may  find  two  more  points,  one  on  each  side  of  the 

axis,  and  thus  continue  till  a  sufficient  number  of  points  be  found  to 

describe  the  curve  by  hand.     By  the  same  process,  we  may  also  de> 

scribe  the  opposite  hyperbolas. 

CFxCP  ,_       ^^^^  proportional,  CA,  CF,   CP 


Coroll.  2.  Because 


CA 


IS  a 


CA  :  CF::CP:  CA  +  FM. 

1089.  Theorem  VI.  A9  the  square  of  the  eemi-tranevene  axis  it  to 
the  equate  of  the  Mend'Conjugate,  to  is  the  difference  of  the  squares  of  amy 
two  abscissas  to  the  difference  of  the  squares  of  their  ordinates, 

Bv  Theor  II       f  ^^'  '  CE«::  CP*-CA«  :  PM*  (Jig,  436.), 
uy  ineor.  ii.,     j^  CA«  :  CE4::CH«-CAs  :  HR 


E 


Therefore,  by 

equality, 
And,  by  divuion. 
Alternately, 
But 
Therefore 

Coroll.  1. 


CH4  -  C  A« 

HN«; 
CH«-  CA« 
CH«-CA« 
CHa-CA« 


CP«-CA«::HI2  :  PM«  or 


HI«--HN«i 
H1«-HN« 


CH«-CP«::HI« 

HI2::CH^-CP« 
HI«::CA«:  CEa 
CA« :  CE«::CH«-CP«::  hi«-hn«. 

If  IH  be  produced  to  K,  and  CQ  be  made  equal  to  CP,  then  will  CH^— 


B 


c-.—  K 


CP«=(CH+CP)(CH-.CP)=(CP+CH)PH;     and    HI«-HN«=(HI  + HN)(HI- 
HN)=(HI  +  HN)NI.     Therefore  the  analogy  resulting  becomes 

CA*:  CE2::(CP+CH)PH  :  (HI  +  hn)NI. 

So  that  the  square  of  the  transverse  axis  is  to  the  square  of  the  conjugate,  or  the  square  of 
the  semi-transverse  is  to  the  square  of  the  semi-copjugate,  as  the  rectangle  of  the  sum  and 
difference  of  the  two  ordinates  from  the  centre  is  to  the  rectangle  of  the  sum  and  diflfer- 
encc  of  these  ordinates. 

1090.  Theorem  VII.      If  a  tangent  and  an  ordinate  he  drawn  from  any  point  in  an  hyper* 
bola  to  meet  the  transverse  axis,  the  semi'transverse  axis  will  be  a  mean 
proportional   between   the   distances    of   the   two   intersections  from   the 
centre. 

For  (Jig,  437.)       CE2  :  CAS::(IH+ HN)IN:;(PC+ CH)HP; 

And  by  Theor.  I.,  CE*  :  CA«: :  PM«  :  CP«-  CA« ; 

By  equality,  PM*  :  CP«  -  CA«  ::  (IH+  HN)  IN  :  (PC  + 

CH)HP; 
And  by  sunilar  triangles  INM,  MPT,  IN  :  NM  or  PH : :  PM  :  PT 

or  CP-CT. 

llierefore,  taking  the  rectangles  of  the  extremes  and  means  of  the  two 
last  equations,  and  neglecting  the  common  fiiictors,  it  wiU  be  PM(CP 
-CT)(CP+CH)  =  (CP«-CA«XIH+HN);  but  when  IH  and  PM 
coincide,  IH  and  HN  each  become  equal  to  PM,  and  CH  equal  to 
CP:  therefore  in  the  equation  substitute  2CPfor  CP-f  CH,and  2PM 
for  IH  +  HN,  and  neglecting  the  common  factors  and  common  terms, 
the  result  is  CT.CP«  CA«,  or  CT  :  CA : :  C A  :  CP. 

Coroll.   Since  CT  is  always  a  third  proportional  to  CP,  C  A  ;  suppose 
the  points  P  and  A  to  remain  constant,  the  point  T  will  also  remain  constant ;  therefore 
all  the  tangents  will  meet  in  the  point  T  which  are  drawn  from  the  ex- 
tremity of  the  ordinate  M  of  every  hyperbola  described  on  the  same 
axis  AB. 

1091.  Theorem  VIII.  Four  perpendiculars  to  the  transverse  oris  in- 
tercepted by  it  and  a  tangent,  will  be  propcrtumats  when  the  first  and  last 
have  one  of  their  extremities  in  each  vertex,  the  second  in  the  point  of  con- 
tact, and  the  third  in  the  centre. 

Let  the  four  perpendiculars  lie  AD,  PM,  CE,  BF  {Jig.  438.), 
whereof  AD  and  BF  have  their  extremities  in  the  vertices  A  and  B, 
and  the  second  in  the  point  of  contact  M  of  the  tangent  and  the  curve, 
and  the  third  in  the  centre  C. 

Then  will  AD  :  PM : :  CE  :  BF. 

For,  by  Theor.  VII..  CT  :  CAi.CA  :  CP, 

And,  by  division,  CA-CT:  CP-CA:;CT:  CA  or  CB  ; 

That  is,  AT:  AP::CT:  CB; 

By  composition,  AT  :  AT  +  AP : :  CT  :  CT  +  CB. 

Therefore  AT  :  TP : :  CT  :  BT.  fu:  ^m 
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Therefore  AP  ;  PM;:CE  :  BF. 
1098.    Tu«wtH  IX.      Tht  tan  radi<u  netert  mttfing  tU  at. 
t^Kol  anglet  tatk  a  taagemi  patting  tkrrmgh  that  points  (  Fig.  43E 
For,  bj  Tbeor.  VII.,  CA  :  CP::CT  :  CA; 

By  Cot,  2.  Theor.  V.,  CA  :  CP::CF:  CA+FMi 

Bjreqiulit;,  CT  :  CF::CA  :  CA  +  FM  ; 

BrdiTUUHiiuHiooniiioutioiiiCF— CT  :  CF+CT::FM  :  I 


Ttutis, 


FT:/T::FM  :/R; 


THerefore/Riaequalta/Mi  consequently  the  angle/RMi)  equal 
totheuigle/HR:  and  becauK  /R  ia  parallel  lo/M,  the  angle 
PMT  U  equal  to  the  aogle/RM;  therefore  the  angle  FMT  a 
equal  to  the  angle/RM. 

1093.  PaoiLEM  I.  To  drtaibt  •»  hyptrbola  by  ntani  of  tin  end 
^  a  ntler  mtmedbie  oh  a  pin  F  (^  440.)  fired  I'a  a  ptaiu't  vUh  one 
Bid  of  a  etring  fixed  to  a  point  E  ja  the  eaau  piarte,  and  the  other  ex^ 
Irmiity  of  the  ttrimg  fattmid  to  the  other  end  C  of  the  ruler,  the  point 
C  of  the  nier  beinff  moved  towarde  G  in  that  piane. 

While  the  ruler  ia  moving,  a  point   D  being    made    to  alide 
along  the  edge  of  the  ruler,  kept  close  to  (be  string  ao  aa  to  keep 
DE  of  the  atring  taugbt,  the  point  D  vill  describe 
the  curre  of  an  hyperbola. 

If  the  end  of  the  ruler  at  F  (,Jtg.  441.)  be  made 
raoveable  about  the  point  E,  and  the  itring  be  fixed 
in  F  and  to  the  end  C  of  the  ruler,  ai  before,  another 
curve  may  be  described  in  the  same  manner,  which  u 
called  the  opposite  hyperhoia  .-  the  pomtj  E  and  Fi 
about  vhich  tbe  ruler  is  made  to  revolre,  are  the  foci- 

oonic  section  occurs  in  architectural  details.  For 
instance,  tbe  profile*  of  many  of  the  Crei^an  mould- 
ings are  hyperbolic ;  and  in  conical  rooGi  the  forma 
are  by  inlersections  such  that  the  student  sbould  be 
Tell  acquainted  with  tbe  methods  of  descnbing  it, 

1094.  Paoa.  II.      Girm  the  dianuOer  AB,  Hie  ab-    , 
seiua  BC,  and  the  douib  ordinate  DE  in  potitiom 
magnittide,  to  detcribe  the  hyperbola,  (fry.  442,}  rit.ito. 

Through  B  draw  FC  patsllel  to  DE,  and  draw  DF  and  EG  parallel  ti 
Divide  DF  and  DC  each  into  the  same  number  of  equal  parts, 
and  ftom  the  points  of  division  in  BF  draw  lines  to  D,  also  from 
the  points  of  divison  in  DC  draw  straight  lines  to  A ;  then 
through  the  p<Hnts  of  intersection  found  by  tbe  lines  drawn 
through  the  corresponding  points  draw  the  curve  DB.  In  Like 
manner  the  curve  EB  may  be  drawn  so  that  DBE  will  form 
tbe  curve  on  each  side  of  the  diameter  AB.  If  the  point  A  be 
considered  as  the  vertei,  the  opposite  hyperbola  HAI  nuy  be 
described  in  the  same  manner,  and  thus  the  two  curves  formed  by 
cutting  tbe  opposite  cones  by  the  same  plane  will  be  found.  By 
the  theorists,  the  hyperbola  has  been  conndered  a  proper  figure 
of  equilibrium  for  an  arch  whose  office  is  to  support  a  load  which  ^ 

is  greatest  at  the  middle  of  the  arch,  and  diminishes  towards  the  ^ 

abutments.      Tliis,  bowevvr,  is  matter  of  consideration  fen:  another  part  of  this  work. 


na.Mi- 


1095.    DtriRtrioM 


-1,   The  parameter  of  the  I 


irabola  ia  a  third  proportional 
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1096<   Thiorex  I.     In  the  parabola,  the  ahtcistas  are  prcportional  to  the  equarei  of  their 
ordinatee. 

Let  QVN  (^fig.  443.)  be  a  section  of  the  cone  passing  along  the  axis,  and  let  the  direc- 
trix RX  pass  through  the  point  Q,  perpendicular  to  QN,  and  let  the 
parabolic  section  be  ADI  meeting  the  base  QiND  of  the  cone  in 
the  line  DI,  and  the  diameter  Q,N  in  the  point  H  ;  also  let  KML  be 
a  section  of  the  cone  parallel  to  the  base  QJN  intersecting  the  plane 
VQN  in  the  line  KL,  and  the  section  ADI  in  PM.  Let  P  be  the 
point  of  concourse  of  the  three  planes  Q,VN»  KML,  A  HI,  and 
let  H  be  the  point  of  concourse  of  the  three  planes  QVN,  KM  L, 
AHI ;  then,  because  the  planes  VRX  and  ADI  are  parallel,  and 
the  plane  AQN  is  perpendicular  to  the  plane  ARX,  the  plane  ADI 
is  also  perpendicular  to  the  plane  AQN.  Again,  because  the  plane  n^ 
QJN  is  perpendicular  to  the  plane  QVI,  and  the  plane  KML  is 
parallel  to  the  plane  QIN,  the  plane  KML  is  perpendicular  to  the 
plane  QVN:  therefore  the  common  sections  PM  and  HI  are  per- 
pendicular to  the  plane  AQN;  and  because  the  plane  KML  is  pa- 
rallel to  the  plane  QIN ;  and  these  two  planes  are  intersected  by 
the  plane  QVN,  their  common  sections  KL  and  QN  are  parallel.  Also,  since  PM  and  HI 
are  each  perpendicular  to  the  plane  QVN,  and  since  KL  is  the  common  section  of  the 
planes  QVN,  KML,  and  QN  in  the  common  section  of  the  planes  QVN,  QIN;  therefore 
PM  and  HI  are  perpendicular  respectively  to  KI  and  QN. 

Consequently  AP  :  AH : :  PM*  :  HI«. 

For,  by  the  simihir  triangles  API^  AHN,  AP  :  AH::PL  :  HN, 
Or  AP:  AH::KPxPL:  KPxHN. 

But,  by  the  circle  KML,  KP  x  PL»=  PM^, 

And,  by  the  circle  QIN,  QH  x  HN^HK  ButQH«KP; 

Therefore  KP  x  HN»  HI« 

Therefore,  by  substitution,  AP  :  AH : :  PM«  :  HI*. 

CoroU.   By  the  definition  of  the  parameter,  which  we  shall  call  P, 

AP:  PM::PM:  P-t^', 

And  Px  AP=:PM2,  or  Px  AH«HR 

Therefore  P  :  PM::PM  :  AP,  or  P  :  HI::HI  :  AH. 

1097.   Thxorkm  II.     As  the  parameter  of  the  axis  is  to  the  sum  of  any  two  ordinates,  so  is 
the  dijfference  of  these  ordinates  to  the  difference  of  their  abscissas. 

That  is,  P:  HI+PM::HI-PM:  AH-AP.  ^ 


r.  lJ    ^^^' 


For  nnce  by  Cor.Theor 

Multiplying  the  first  of  these  equations  by  AP  and  the  second  by  AH, 

Px  AP=PM«. 
Px AH»HR 


they  become  i 


Subtract  the  corresponding  numbers  of  the  first  equation,  and  P  (  AH  —  AP)&=  HI^—  PM*. 
But  the  difference  of  two  squares  is  equal  to  a  rectangle  under  the  sum  and  difference  of 
iheir  sides. 

And  HI«-PM«=(HI  +  PM)  (HI-PM). 

Therefore       P (AH-AP)  -  (HI  +  PM)  (HI- PM> 
Consequently P  ;  HI  +  PM::HI-PM  :  AH-APj 
Or, by  drawing  KM  parallel  to  AH,  we  have  GK»  PM+  HI,  and  KI«=  HI-PM ;  and 

since  PH  =  AH-AP;  P  :  GK::KI  :  PH,  or  KM. 
Coroll.   Hence,  because  P  x  KM»  GK  x  KI ; 

And  since  HI*  =  P  x  AH  ; 

Therefore,  by  multiplication,  KM  x  HI*:s=6K  x  KI  x  AH,  or 

AH  :  KM::HIs  :  GKxKL 
So  that  any  diameter  MK  is  as  the  rectangle  of  the  segments  GK,       y 
KI  of  the  double  ordinate  GI.      From  this  a  simple  method  has  been     / 
used  of  finding  points  in  the  curve,  so  as  to  descHbe  it. 

1098.   Theorem  III.    The  cUstance  between  the  vertex  of  the  curve  and  ni(.«45. 

the  focus  is  equal  to  one  fourth  of  the  parameter. 

Let  LG  (>S^.  445.)  be  a  double  ordinate  passing  through  the  focus,  then  LG  is  the 
parameter.     For  by  the  definition  of  parameter  AF  :  FG : :  FG  :  Pa2FG. 

Therefore         2AF=»FG»iLG; 
Consequently  AF  ^{IjG. 
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1099«  Thxorxm  IV.  The  ratUtu  vector  it  equal  to  the  ntm  oftke  dittaneee  between  tkefoeme 
and  the  vertex,  and  between  the  ordinate  and  the  vertex.  (^Fig.  446.) 

That  is,  FM«AP+AF. 

For  FP  =  AP-AF; 

Therefore  FP«=  AP«--2AP  x  AF+ APa. 

But,  by  Cor.  Theor.  II.,  PM2=  P  x  AP  =  4AF  x  AP. 

Therefore,  by  addition,  FPs  +  PM««  APs  +  SAFxAP 

+  AF2. 

But  by  the  right-angled  tringles,  FP^  +  PM«  =  FM« ; 
And  therefore  FM«=  AP«  +  2AF  x  AP  +  AF«. 

Hence,  extracting  the  roots,        FM» AP+ AFa2AF+ FP; 
Or  by  making  AG »  AF,  FM »  GP. 

Coroll.  1.  If  through  the  point  G  {Jig.  447.)  the  line  GQ,  be  drawn  perpendicular  to 
the  axis,  it  b  called  the  directrix  of  the  parabola. 

By  the  property  shown  in  this  theorem,  it  appears  that  if  any  line  QM  be  drawn  parallel 
to  the  axis,  and  if  FM  be  joined,  the  straight  line  FM  is  equal  to  QM ;  for  Q>I  is  equal 
to  GP. 

CorolL  3.  Hence,  also^  the  curve  is  easily  described  by  points.  Take  AG  equal  to  AF, 
(^Jig.  447.),  and  draw  a  number  of  lines  M,  M  perpendicular  to  the  axis  AP ;  then  with  the 
distances  GP,  GP,  &c.  as  radii,  and  from  F 
as  a  centre,  dncribe  arcs  on  each  side  of  AP, 
cutting  the  lines  MM,  MM,  &c.  at  MM,  &c. ; 
then  through  all  the  points  M,  M,  M,  &c. 
draw  a  curve,  which  wiU  be  a  parabola. 

1 100.  Theorem  V.  If  a  tangent  be  drawn 
from  the  vertex  of  an  ordinate  to  meet  the  axis 
produced,  the  eubtangent  PT  (>;^.  448.)  will 
he  equal  to  twice  the  dietanee  of  the  ordinate 
from  the  vertex. 

If  MT  be  a  tangent  at  M,  the  extremity  of  the  ordinate  PM ;  then  the  sub- tangent  PT 
is  equal  to  twice  A  P.     For  draw  MK  parallel  to  AH, 

Then,  by  Theor.  II.,  KM  :  KI::GK::P; 

And  as  MKI,  TPM  are  sunilar,     KM  :  KI : :  PT  :  PM. 
Therefore,  by  equality,  P  :  PM : :  GK  :  PT ; 

And  by  Cor.  Theor.  I.,  P  :  PM : :  PM  :  AP. 

Therefore,  by  equality,  AP  :  PT: :  PM  :  GK. 

But  when  the  ordinates  HI  and  PM  coincide,  MT  will  become  a  tangent,  and  GK  will 
become  equal  to  twice  PM. 

Therefore  AP  :  PT: :  PM  :  2PM,  or 
PT=2AP. 

From  this  property  is  obtained  an  easy  and  accurate  method  of  drawing  a  tangent  to  any 
point  of  the  cunre  of  a  parabola.  Thus,  let  it  be  re* 
quired  to  draw  a  tangent  to  any  point  M  in  the  curve. 
Produce  PA  to  T  (fig.  449.),  and  draw  MP  perpendi- 
cular  to  PT,  meeting  AP  in  the  point  P.  Make  AP 
equal  to  AP,  and  join  MT,  which  will  be  the  tangent 
required. 

11  Ol.   Theoeem  VI.     The  radiue  vector  i»  equal  to 
the  dietanee  between  the  focus  and  the  intersection   of  a 

tangent  at  the  verteet  of  an  ordinate  and  the   axis  pro-  ^N 

duced.  Fig.  449.  rig.  laa 

Produce  PA  to  T  {fig.  450.),  and  let  MT  be  a  tangent  at  M ;  then  will  FT= FM. 

For  FT=AF+AT; 

But,  by  last  theorem,     A  P  =  A  T ; 

Therefore  FT=  AF+  AP. 

But, by  Theorem  III.,  FM«AF+ AP; 

Therefore,  by  equality,  FM=  FT. 

Coroll.  1.  If  MN  be  drawn  perpendicular  to  MT  to  meet  the  axis  in  N,  then  will 
FN=iFM8«FT.  For  draw  FH  perpendicular  to  MT,  and  it  also  bisects  MT,  because 
FMs  FT ;  and  since  HF  and  MN  are  parallel,  and  MT  is  bisected  in  H,  the  line  TN  will 
also  be  bisected  in  F.     It  therefore  follows  that  FN»  FM  ==  FT. 

Coroll.  2.  The  subnormal  PN  is  a  constant  quantity,  and  it  is  equal  to  half  the  para- 
meter, or  to  2AF.     For  since  TMN  is  a  right  angle, 

Therefore  2AP  or  TP  :  PM::  PM  :  PN. 

But,  by  the  definition  of  parameter,  AP  :  PM;:  PM  ;  P; 
Therefore  PN«|P. 
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Coroll.  3.  The  tangent  of  the  vertex  AH  is  a  mean  proportional  between  AF  and  A  P. 
For  since  FHT  is  a  right  angle,  therefore  AH  is  a  mean  proportional  between  AF  and  AT; 
and  since  AT=  AF,  AH  is  a  mean  proportional  between  AF  and  AP.  Also  FH  is  a 
mean  proportional  between  FA  and  FT»  or  between  FA  and  FM. 

Coroll.  4.  The  tangent  makes  equal  angles  with  FM  and  the  axis  AP»  as  well  as  with 
FC  and  CI. 

1102.  Thsorsk  VII.  A  Une  paraild  tothe  axia,  intercepted  by  a  double  ardxiuUe  and  a 
tangent  at  the  vertex  of  that  ordinate^  unU  be  divided  by  the  curve  in  the  game  ratio  at  the  Kne 
itself  divides  the  double  ordinate. 

Let  QM  (fig.  451.)  be  the  double  ordinate,  MT  the  tangent,  AP 
the  axis,  6K  the  intercepted  line  divided  by  the  curve  in  the  point  I ; 
then  will  GI  :  IK::MK  :  Ka 

For  by  similar  triangles  MKG,  MPT ;  MK  :  KG  ::  PM  :  PT, 

or  SAP; 
By  the  definition  of  parameter,  P  :  PM : :  PM  :  2  AP ; 

Therefore,  by  equality,  P  :  MK : :  PM  :  KG  ; 

And  again,  by  equality,  PM  :  MK : : 2 AP  :  KG ; 

And  by  division,  MK  :  KQ: :  GI  :  IK. 

11 03.  PaoBLXM  I.    7b  deecribe  a  parabola. 
If  a  thread,  equal  in  length  to  the  leg  BC  (Jig,  452.)  of  a 

right  angle  or  square,  be  fixed  to  the  end  C,  and  the  other  end 
of  the  thread  be  fixed  to  a  point  F  in  a  plane,  then  if  the 
square  be  moved  in  that  plane  so  that  the  leg  AB  may  slide 
along  the  straight  line  GH,  and  the  point  D  be  always  kept 
close  to  the  edge  BC  of  the  square,  and  the  two  parts  FD  and 
DC  of  the  stnng  kept  stretched,  the  point  D  will  describe  a 
curve  on  the  plane,  which  will  be  a  parabola.  nff.4As. 

1104.  PaoB.  II.  Given  the  double  ordinate  DE  and  the  dbeeisea  BC  in  petition  and 
magnitude^  to  describe  a  parabola. 

Through  B  (Jigs.  453,  454.)  draw  FG  parallel  to  DE  and  DF,  and  EG  parallel  to  CD. 

Divide  DC  and 

DF  each  into    ^ ^ —  *» 

the  same  num- 
ber of  equal 
parts.  From 
the    points    of 
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division  in  DE  draw  lines  to  B.  Through  the  points  of  divi- 
sion in  DC  draw  lines  parallel  to  BC,  and  through  the 
points  of  intersection  of  the  corresponding  lines  draw  a  curve, 
and  complete  the  other  half  in  the  same  manner ;  then  wiU 
DBE  be  the  complete  curve  of  the  parabola.  Tlie  less  BC 
is  in  proportion  to  CD,  the  nearer  the  curve  will  approach  to 
the  arc  of  a  circle,  as  in  fig.  422. ;  and  hence  we  may  describe 
the  curve  for  diminishing  the  shaft  of  a  colunm,  or  draw  a  fiat  segment  of  a  circle. 

1105.  PaoB.  III.     The  same  parts  being  given^  to  describe  the  parabola  by  the  intersection 
of  straight  lines. 

Produce  CB  to  F  (Jig,  455.),  and  make  BF  equal  to  BC.  Join  FD  and  F£.  Divide 
DF  and  F£  in  the  same  proportion,  or 
into  the  same  number  of  equal  parts.  Let 
the  divisions  be  numbered  from  D  to  F, 
and  from  F  to  £,  and  join  every  two 
corresponding  points  by  a  straight  line ; 

then  the  intersection  of  all  the  straight     n  "  e 

lines  will  form  the  parabola  required.  ^*  ^^5. 

1106.  PaoB.  IV.     To  draw  a  straight  line  fivm  a  given  paint  in  the  curve  of  a  parabola^ 
which  shall  be  a  tangent  to  the  curve  at  that 

point. 

Let  DC  (Jig.  456.)  be  the  double  or. 
dinate,  CB  the  abscissa  to  the  parabolic 
curve  DBC,  and  let  it  be  required  to 
draw  a  tangent  from  the  point  e  in  the 
curve.     Draw  e/ parallel  to  DC,  cutting 

BC  in  /:  produce  CB  to  g,  and  make  Bg  equal  to  B/,  and  join  ge,  then  will  ge  be  the 
tangent  required.  In  the  same  manner  DH  will  be  found  to  be  a  tangent  at  D.  If  eK 
be  drawn  perpendicular  to  the  tangent^  then  willeK  be  also  perpendicubir  to  the  curve, 
and  in  the  proper  direction  for  a  joint  in  the  masonry  of  a  parabolic  arch. 
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1 107.  The  noes  of  the  parabolic  cuire  in  architecture  are  many.  The  theorists  say  that 
it  is  the  curve  -of  equilibrium  for  an  arch  which  has  to  sustain  a  load  uniformly  diffused  over 
its  length,  and  that  therefore  it  should  be  included  in  the  depth  of  lintels  and  flat  arches ;  and 
that  it  is  nearly  the  best  form  for  suspension  and  other  bridges,  and  for  roofis.  It  is  also  con- 
sidered the  best  form  for  beams  of  equal  strength.  It  may  be  here  also  renuu-ked,  that  it 
Is  the  curve  described  by  a  projectile,  and  that  it  is  the  form  in  which  a  jet  of  water  is 
delivered  from  an  orifice  made  in  the  side  of  a  reservoir.  So  is  it  the  best  curve  for  the 
reflection  of  light  to  be  thrown  to  a  distance.  In  construction  it  occurs  in  the  intersection 
of  conic  surfiioes  by  planes  parallel  to  the  side  of  the  cone,  and  is  a  form  of  great  beauty 
for  the  profiles  of  mouldings,  in  which  manner  it  was  much  used  in  Grecian  buildings. 


OKNEKAL   lOETHOD   OF   DETX&MINIXO   THE    SPXCIKS   AND    OF    DESCRIBING    CONIC    SECTIONS. 

11 06.  In  a  conic  section,  let  there  be  given  the  abscissa  AB  (Jig,  457.),  an  ordinate  BC, 
and  a  tangent  CD  to  the  curve  at  the  ex- 
tremity of  the  ordinate  to  determine  the 
species  of  the  conic  section,  and  to  de- 
scribe the  figure. 

Draw  AD  parallel  to  BC,  and  join  AC 
(Nos.  1.  and  2.).  Bisect  AC  in  £,  and 
produce  DE  and  AB,  so  as  to  meet  in  F 
when  DE  is  not  parallel  to  AB ;  then  in 
the  case  where  DE  will  meet  AB  or  AB 
produced  in  F,  the  point  F  will  be  the 
centre  of  an  ellipsis  or  hyperbola.  In  this 
case  produce  AF  to  G,  and  make  FG 
equal  to  FA ;  then  if  the  ordinate  BC 
and  the  centre  be  upon  the  same  side  of 
the  apex  A,  the  curve  to  which  the  given 
parts  belong  is  an  ellipsis ;  but  if  they    (/^^ 

be  on  difierent  sides  of  it,  the  curve  is  ^ r 

an  hyperbola.     When  the  line  DE  (No. 
3.)  is  parallel  to  AB,  the  figure  is  a  parabola. 

1109.  In  a  conic  section,  the  abscissa  AB  (Jig.  458.),  an  ordinate  BC,  and  a  point  D  in 
the  curve  being  given,  to  determine  the  species  of  the  curve,  and  thence  to  describe  it 

Draw  CG  parallel  to  AB  (Nos.  1.  and  2.),  and  AG  parallel  to  BC.  Join  AD,  and 
produce  it  to  meet  CG  in  e.  Divide  the  ordinate  CB  in  /  in  the  same  proportion  as 
CG  is  divided,  then  will  C/ : /B : :  Ce  :  eG.  Join  D/,  and  produce  it  or/D  to  meet  AB 
or  B A  in  A  ;  then  if  the  points  D  and  h  fall  upon  opposite  sides  of  the  ordinate  BC,  the 
curve  is  an  ellipsis ;  but  if  D  and  h  &11  upon  the  same  side  of  the  ordinate  BC,  the  curve 
will  be  an  hyperbola.  If  Tif  (No.  3.)  be  parallel  to  AB,  the  curve  will  be  a  parabola. 
In  the  case  of  the  ellipsis  and  hyperbola,  AA  is  a  diameter;  and  therefore  we  have  a  dia- 
meter and  ordinate  to  describe  the  curve. 


Fig.  457. 


Fig.  468. 
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1110.  The  term  Descriptive  Geometry,  first  used  by  Mongc  and  other  French  geometers 
to  express  that  part  of  the  science  of  geometry  which  consists  in  the  application  of  geometrical 
rules  to  the  representation  of  the  figures  and  the  various  relations  of  the  forms  of  bodies, 
according  to  certain  conventional  methods,  differs  from  common  perspective  by  the  design 
or  representation  being  so  made  that  the  exact  distance  between  the  different  points  of  the 
body  represented  can  always  be  found  ;  and  thus  the  mathematical  relations  arising  from 
its  form  and  position  may  be  deduced  from  the  representation.  Among  the  English  writers 
on  practical  architecture,  it  has  usually  received  the  name  of  prtyection,  from  the  circum- 
stance of  the  different  points  and  lines  of  the  body  being  projected  on  the  plane  of  re- 
presentation ;  for,  in  descriptive  geometry,  points  in  space  are  represented  by  their  ortho- 
graphical projection  on  two  planes  at  right  angles  to  each  other,  called  the  planes  ofprofec- 
tioHf  one  of  which  planes  is  usually  supposed  to  be  horizontal,  in  which  case  the  other  is  ver- 
tical, the  projections  being  called  horizontal  or  vertical,  according  as  they  are  on  one  or 
other  of  these  planes- 

1111.  In  this  system,  a  point  in  space  is  represented  by  drawing  a  perpendicular  from  it 
to  each  of  the  planes  of  projection;    the  point  whereon  the  perpoidicular  fells  is  the 
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projection  of  the  proposed  point.  Then,  as  points  in  space  are  the  houndaiiet  of  lines,  so 
their  projections  simihurly  form  lines,  by  whose  means  their  projection  is  obtained ;  and  by 
the  projections  of  points  lying  in  curves  of  any  description,  the  projections  of  those  curves 
are  obtained. 

1112.  For  obvious  reasons,  surfaces  cannot  be  similarly  represented ;  but  if  we  suppose 
the  surfitce  to  be  represented,  covered  by  a  system  c^  lines,  according  to  some  determinate 
lav,  then  these  lines  projected  on  each  of  the  two  planes  will,  by  their  boundaries,  enable 
us  to  project  the  surfiuse  in  a  rigorous  and  satis&ctory  manner. 

Ills.  There  are,  however,  some  sur&oes  which  may  be  more  simply  represented ;  for  a 
plane  is  completely  defined  by  the  straight  lines  in  which  it  intersects  the  two  planes  of 
projection,  which  lines  are  called  the  traces  of  the  plane.  So  a  sphere  is  completely  defined 
by  the  two  projections  of  its  centre  and  the  great  circle  which  limits  the  projections  of  its 
points.  So  also  a  cylinder  is  defined  by  its  intersection  (or  trace)  with  one  of  the  planes  of 
projection  and  by  Uie  two  projections  of  one  of  its  ends ;  and  a  cone  by  its  intersection 
with  one  of  the  planes  of  projection  and  the  two  projections  of  its  summit. 

1114.  Monge,  before  mentioned,  Hachette,  Vall^,  and  Leroi,  are  the  most  systematic 
writers  on  this  subject,  whose  inunediate  application  to  architecture,  and  to  the  mechanical 
arts,  and  most  especially  to  engineering,  is  very  extensive ;  in  consequence,  indeed,  of  which  it 
is  considered  of  so  much  importance  in  France,  as  to  form  one  of  the  principal  departments  of 
study  in  the  Polytechnic  School  of  Paris.  A  sufficient  general  idea  of  it  for  Uie  architec- 
tural student  may  be  obtained  in  a  small  work  of  Le  Croix,  entitled,  CompiSment  de» 
Element  de  Geometrie.  In  the  following  pages,  and  occasionally  in  other  parts  of  this  work, 
we  shall  detail  all  those  points  of  it  which  are  connected  more  immediately  with  our  subject, 
inasmuch  as  we  do  not  think  it  necessary  to  involve  the  reader  in  a  mass  of  scientific  matter 
connected  therewith,  which  we  are  certain  he  would  never  find  necessary  in  the  practice  of 
the  art  whereon  we  are  engaged. 

1 1 15.  In  order  to  comprehend  the  method  of  tracing  geometrically  the  projections  of  all 
sorts  of  objects,  we  must  observe, — I.  That  the  visible  fiu:es  only  of  solids  are  to  be  expressed. 
II.  That  the  surfiices  which  enclose  solids  are  of  two  sorts,  rectilinear  and  curved.  Hiese, 
however,  may  be  divided  into  throe  classes,  —  1  st.  Those  included  by  plane  surfiures,  as 
prisms,  pyramids,  and,  generally,  similar  sorts  of  figures  used  in  building.  2d.  Those 
included  by  surfaces  whereof  some  are  plane  and  others  with  a  simple  curvature,  as 
cylinders,  cones,  or  parts  of  them,  and  the  voussoirs  of  arches.  3d.  Solids  enclosed  by  one 
or  several  surfaces  of  double  flexure,  as  the  sphere,  spheroids,  and  the  voussoirs  of  arches  on 
circular  planes. 

1116.  Firai  ckua,  or  toUds  vnth  plant  »wrfaee»,  —  The  plane  surfitoea  by  which  these 
solids  arc  bounded  form  at  thdr  junction  edges  or  arriaeee,  which  may  be  represented  by 
right  lines. 

1117.  And  it  is  useful  to  observe  in  respect  of  solids  that  there  are  three  sorts  of  angles 
formed  by  them.  First,  those  arising  from  the  meeting  of  the  lines  which  bound  the  faces 
of  a  solid.  Second,  those  which  result  from  the  concurrence  of  several  faces  whose  edges 
unite  and  form  the  summit  of  an  angle :  thus  a  solid  angle  is  composed  of  as  many  plane 
angles  as  there  are  planes  uniting  at  the  point,  recollecting  however  that  their  number 
roust  be  at  least  three.  T%ird,  the  angles  of  the  planes,  which  is  that  formed  by  two  of  the 
faces  of  a  solid.  A  cul>e  enclosed  by  six  square  equal  planes  comprises  twelve  rectilineal 
edges  or  arrisses  and  eight  solid  angles. 

1118.  Pyramids  are  solids  standing  on  any  polygonal  bases,  their  planes  or  fiices  being 
triangular  and  meeting  in  a  point  at  the  top,  where  they  form  a  solid  angle. 

1119.  Prisms,  like  pyramids,  may  be  placed  on  all  sorts  of  polygonal  bases,  but  they  rise 
on  every  side  of  the  base  in  parallelograms  instead  of  triangles,  thus  having  throughout 
similar  form  and  thickness. 

1120.  Hiough,  strictly  speaking,  pyramids  and  prisms  are  polyhedrons,  the  latter  term 
is  only  applied  to  those  solids  whose  faces  forming  polygons  may  each  be  considered  as  the 
base  of  a  separate  pyramid. 

1121.  In  all  solicb  with  plane  surfiuies  the  arrisses  terminate  in  solid  angles  formed  by 
several  of  these  surfaces,  which  unite  with  one  another ;  whence,  in  order  to  find  the  pro- 
jection of  the  right  lines  which  represent  those  arrisses,  all  that  we  require  to  know  is  the 
position  of  the  solid  angles  where  they  meet ;  and  as  a  solid  angle  is  generally  composed  of 
several  plane  angles,  a  single  solid  angle  will  determine  the  extremity  of  all  the  arrisses  by 
which  it  is  formed. 

1 1 22.  Second  does :  toHde  terminated  hy  plane  and  curved  eurfaces.  —  Some  of  these,  as 
cones  for  instance,  exhibit  merely  a  point  and  two  surfaces,  one  curved  and  the  other  flat. 
The  meetinff  of  these  sur&ces  forms  a  circular  or  elliptical  arris  common  to  both.  The 
projection  of  an  entire  cone  requires  several  points  for  the  curvature  which  forms  its  base, 
but  a  single  point  only  is  necessary  to  determine  its  summit.  This  solid  may  be  considered 
as  a  pyramid  with  an  elliptic  or  circular  base ;  and  to  facilitate  its  projection  a  polygon  is 
Inscribed  in  the  ellipsis  or  circle,  which  serves  as  its  base. 
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1 1 23.  If  the  cone  is  truncated  or  cut  ofl^  polygons  may  in  like  manner  be  inscribed  in 
the  curves  which  produce  the  sections. 

]  1 24.  Cylinders  may  be  considered  as  prisms  whose  bases  are  formed  by  circles, 
ellipses,  or  other  curves,  and  their  projections  may  be  obtained  in  a  similar  manner :  that 
is,  by  inscribing  polygons  in  the  curves  which  form  theb  bases. 

1 1 25.  2%ird  dots  :  soUdt  whoae  narfcux»  have  a  doubU  curvature.-~^A  solid  of  this  sort 
may  be  enclosed  in  a  single  surfiuse,  as  a  sphere  or  spheroid. 

1 1 26.  As  these  bodies  present  neither  angles  nor  lines,  they  can  only  be  represented  by 
the  apparent  curve  which  seems  to  bound  their  superficies.  Tliis  curve  may  be  determined 
by  tangents  parallel  to  a  line  drawn  from  the  centre  of  the  solid  perpendicularly  to  the 
plane  of  projection. 

1 1 27.  If  these  solids  are  truncated  or  cut  by  planes,  we  must,  after  having  traced  the 
curves  which  represent  them  entire,  inscribe  polygons  in  each  curve  produced  by  the  sec- 
tions, in  order  to  proceed  as  directed  for  cones  and  cylinders. 

1 128.  To  obtain  a  clear  notion  of  the  combination  of  several  pieces,  as,  for  instance,  of  a 
vault,  we  must  imagine  the  bodies  themselves  annihilated,  and  that  nothing  remains  but 
the  arrisses  or  edges  which  form  the  extremes  of  the  sur&ces  of  the  voussoirs.  The  whole 
assemblage  of  material  lines  which  would  result  from  this  consideration  being  considered 
transparent  would  project  upon  a  plane  perpendicular  to  the  rays  of  light,  traee»  defining 
all  these  edges  that  we  have  supposed  material,  some  foreshortened,  and  others  of  the  same 
size.     These  will  form  the  outlines  of  the  vault,  whence  follow  the  subjoined  renuurks. 

I.  That  in  order,  on  a  plane,  to  obtain  the  projection  of  a  right  line  representing  the 

arris  of  any  solid  body,  we  must  on  such  plane  let  fall  verticals  from  each   of 
its  extremities. 

II.  That  if  the  arris  be  parallel  to  the  plane  of  the  drawing,  the  line  which  represents  its 
projection  is  the  same  size  as  the  originaL 

III.  lliat  if  it  be  oblique,  its  representation  wiU  be  shorter  than  the  original  line. 

IV.  That  perpendiculars  by  means  of  which  the  projection  is  made  l^ing  parallel  to 
each  other,  the  line  projected  cannot  be  longer  than  the  line  it  represents. 

V.  That  in  order  to  represent  an  arris  or  edge  perpendicular  to  the  plane  of  projection, 

a  mere  point  marlu  it  because  it  coincides  in  the  length  with  the  perpendiculars  of 
projection. 

VI.  That  the  measure  of  the  obliquity  of  an  arris  or  edge  will  be  found  by  verticals 
let  fall  from  its  extremities. 

1 129.  In  conducting  all  the  operations  relative  to  projections,  they  are  referable  to  two 
planes,  whereof  one  is  horizontal  and  the  other  verticaL 


PROJECTION    OF    BIOIIT    UNKS. 

1  ISO.  The  projection  of  a  line  AB  (Jiff.  459.)  perpendicular  to  a  horisontal  plane  is  ex. 


Yto.459. 


Flil.460. 


Flf.461. 


FIII.4SS. 


pressed  on  such  plane  by  a  point  K,  and  by  the  lines  a6,  a'b'f  equal  to  the  original  on  ver- 
tical planes,  whatever  their  direction. 

1 131 .  An  inclined  line  CD  (Jig.  460.)  is  represented  on  an  horizontal  or  a  vertical  plane 
by  edj  e'd',  shorter  than  the  line  itself,  except  on  a  vertical  plane,  parallel  to  its  projection, 
and  on  the  horizontal  plane  e"d"f  where  it  is  equal  to  the  original  CD. 

1152.  An  inclined  line  EF  (Jfig.  461.)  moveable  on  its  extremity  E,  may,  by  preserving 
the  same  inclination  in  respect  of  the  plane  on  which  it  lies,  have  its  projection  successively 
in  all  the  radii  of  the  circle  £/  determined  by  the  perpendicular  let  fiill  from  the  point  F. 

11  S3.  Two  lines  GU,  IK  (Jiff.  462.),  whereof  one  is  parallel  to  an  horizontal  plane  and 
the  other  inclined,  may  have  the  same  projection  m,  n,  upon  such  plane.     Upon  a  vertical 
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n,  the  projection  i'k'  and  g'h'  will  be  ptnllel  and  eqtud  fr 


1 1 94.  What  hu  bMii  lud  in  rapcct  c^  right  linn  projected  oi 
plana  maj  be  applied  to  plane  «irftc«fl  ;  thus,  from 
the  Hirfkce  ABCD  (Jff.  463.),  parallel  to  an  hori-  | 
iont*l  plane,  ranilta  the  projeotioa  abcdqf  the  lame 
site  and  form.  An  inclined  niifiiee  EFCH  nuy 
hare,  though  longei,  the  same  projection  ai  the 
level  one  ABCD,  iTthelineaof  projeetion  AE,  BP, 
DH.  CC  are  in  the  ume  direction. 

1135.  The  level  luiftce  ABCD  would  hare  fbr 
projection  on  vertical  plane*  the  right  line*  ai,  b'c', 
became  that  ■urAce  is  In  the  nme  plane  at  Uw 
lines  of  pn^jection. 

1 13«.  The  inclined  surface  EFGH  will  give  on 
Tertical  planea  the  loresbortened  figure  A^/  of  that 
(Urface  ;  and  upon  the  other  the  simple  line  fy, 
which  ihov)  the  proBle  of  its  inclination,  because 
this  plane  ia  paralld  to  the  nde  of  the  inclined  lur— 


Tcrtical  and  horiiontal 


1 1.17.  Cture  Unea  oM  bavins  theii  paints  in  tho  same  direction  occupj  a  space  which 
brings  them  under  the  laws  of  those  of  surCues.  The  projeetion  of  a  curve  on  a  plane 
parallel  to  the  lur&ce  in  which  it  lies  (_JIg.  464.)  i*  similar  to  the  curve. 


II  »S.  If  the  plane  of  projection  be  not  parallel,  a  foreshortened  curve  ia  the  result,  on 
account  of  ita  obliquiljr  with  the  aurlkce  (jtp.  46S.). 

1 1 39.  If  the  curve  be  perpendicular  to  the  plane  of  projection,  we  ahaU  have  ■  line 
representing  the  profile  of  the  mrbce  in  which  it  i«  cooipriaed  i  that  is  to  ta;,  a  right 
line  if  the  fur&ce  lie  in  the  some  plane  (jl^.  466. }.  and  a  curved  line  if  the  turCice  be 
curved  (;Ij.  467.). 

Il4a  In  order  to  describe  the  projection  of  the  curve  line  ABC  (,Jlg.  467.),  if  the 
aurlace  in  which  it  lies  is  curved,  and  it  is  not  perpendicular  to  the  plane  of  projection, 
a  poljrgoQ  must  be  inacribed  in  the  curve,  and  from  each  of  the  anglea  of  auch  polygon 
a  perpendicular  must  be  let  &I1,  and  parallels  nude  to  the  chorda  which  lubtend  the  area. 
But  it  it  to  be  observed,  that  this  line  having  n  double  flexure,  we  must  further  inscribe  a 
polygon  in  the  curvature  which  finina  the  plane  ahc  of  the  surfiuie  wherein  the  curved  line 
lies. 

1141.  The  combination  and  developement  of  all  the  parts  which  compose  the  curved 
Bur&cc*  of  vaults  being  suaoeptible  of  representation  upon  vertical  and  horizontal  planes  by 
right  or  curve  luwa  terminating  their  surfaces,  if  what  has  been  above  staled  be  thoroughly 
undentood,  it  will  not  be  difficult  to  trace  thnr  projectiona  for  practical  purpoius, 
wbatever  th^  situation  and  direction  in  vatUt*  or  other  aurbcea. 
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■  113,  The  projeetiou  of  ■  cube  ABCDEFGH  placed  panllel  to  two  pbum,  oue 
boriiontal  ud  the  other  Terticml,  are  iquarei  whow  tidea  rqiresent  &<«■  perpendicular  to 
tbeM  plana  (,Jig.  468.),  vhich  are  repreaented  b;  eoireapaoding  mull  iMtm. 


tn-iit  rur-Ma. 

tl43-  If  we  auppoae  the  cube  to  more  on  an  axis,  bo  that  two  of  its  oppoute  bcca 
remain  perp«ulicular  to  the  planes  (,fig.  469.),  ita  projection  on  each  will  be  a  reetangle, 
whoae  length  will  itiy  in  proportion  to  the  dil&rence  between  the  side  and  the  diagonal 
irf  the  HjUare.  The  motion  of  the  oppodte  arriMe*  will,  on  the  contrary,  produce  a 
Tcclaogle  whose  width  will  be  coDitant  in  all  the  dimemioni  contained  of  the  image  of 
tbc  perfect  (quare  to  the  exact  period  when  the  two  arrisaea  unite  in  a  single  right  line. 

1144.  A  cylinder  (_fy.  4Ta)  itanda  perpendicularl;  on  an  horixontal  plane,  and  on  such 
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1143.  llie  prajeotion  of  ui  inclinal  cjlinder  (j(jr.  4T1.)  ii  ihoim  <»i  ■  vertical  uid 
horilOflUl  plane. 

111G.  In  fig.  473.  ve  h«ve  the  rBpresantstion  of  ■  cube  doublj  inclined,  lo  IhM  the 
diagoojil  from  the  angle  B  to  the  angle  G  ia  upright.  The  projection  produced  hj  thU 
pontiuD  upon  an  horinmCal  plane  i>  ■  regular  helagotl  ocjo/jr.uid  upon  a  Tertical  plane  the 
rsetangle  'Btgc  irhaae  diagonal  B;  ia  upngbl ;  bul  ai  the  e&Wt  oT  penpectiTe  charigca  the 
effeot  of  the  oube  and  iti  projectiotu,  it  it  represented  geometrically  in  fig.  173. 

1  MT.  In  figmrti  474,  and  475.  >  pyramid  and  cone  are  repreaented  with  their  pnt- 
Jectini  on  horiiontal  and  vertical  plane*. 

lI4H.f>>.  476.  repreaenta  a  ball  or  apben  with  iti  prqjwtioiii  upon  two  planei,  one 


Put  «».                                              FU.  411. 

Fte4M. 

circular  base  formed  by  the  contact  of  tb 

is  to  b«  remarked  the 

tuigents. 

»».Lora>»iiT  or  »LiD.  wKoa.  su 

arACts  A« 

PLAN.. 

beet,  and  that  in  thoae  which  have  plane  sur&cea,  their  face*  unite  to  a*  to  form  solid  angles. 
We  have  b1»  obwrred  that  at  leatt  three  plane  anglet  are  neccmry  to  farm  a  »lid  angle  -. 
whence  it  U  manifett  that  the  mort  timple  <rf  all  the  aolidt  it  ■  pyramid  with  a  lri«.guUr 
base,  which  is  farmed  by  four  trianglet,  whereof  three  are  united  in  the  angles  at  io  ipti. 
C  F<g.  477.) 

the  three  triangles  whose  ticet  are  inclined  {jig.  478.)  i  by  which  we  obtain  i 
composed  of  four  triangles.  To  cut  thit  out  in  paper,  for  instance,  or  any  other 
material,  after  bending  it  on  the  Unci  ah^  be,  ac,  which  form  the  triangle  at  the  b 
three  triangles  are  turned  up  so  as  to  unite  in  the  summiL 


lljl.  The  solid  Just  deacribed  formed  of  bur  equal  equilateral  t 
seen,  it  the  njnplest  of  the  five  regular  polyhedrons,  and  is  called  a  tetmhedraiiy  from  it 
being  composed  of  four  limilar  bcea.      The  othen  are  — 


DESCRIPTIVE  GEOMETRY. 


The  icoaoAtdrony  GoaBiflting  of  twenty  equilateraj  trlaDgjH. 
Thew  Are  reguUr  polyhedrons  are  reproented  by  theyS^m  4TT.  4T9,  480,  481,  and  4S3., 
and  their  derelopemeiit  by  thefignra  47B.  4BS,  4B4,  4fl5,  and  486. 


riii.«».  rn.4ai.  r\t.ut. 

1 159.  'nie  nir&on  of  thne  dcTelopements  are  so  amnged  w  to  be  capable  of  being 
uhked  by  moring  them  on  the  linea  by  which  they  are  joined. 

11S3.  It  is  here  proper  to  remark,  that  the  equilateral  triangle,  the  square,  and  the 
pentagoo,  are  tbe  only  figuies  which  will  form  regular  polyhedrons  whose  anglen  and  side* 
ai-e  e<}iul;  but  by  cutting  in  a  regular  method  the  solid  angles  of  these  polyhedrons, 
otben  regularly  synunetriDi]  may  be  formed  whose  sides  will  be  formed  of  two  aimiUt 
figures.  Tliu^  by  cutting  in  a  r^ular  way  the  angles  of  a  tetrahedron,  we  obtain  a  poly- 
bedron  of  eight  faces,  composed  of  tinir  hexagons  and  fbur  equilateral  triangles.  Kmilarly 
operating  on  the  cube,  we  shall  luTe  six  octagons,  connected  by  eight  equilateral  triangles, 
forming  a  polyhedron  of  fourteen  fiices, 

)  1 54.  The  some  openitioQ  being  performed  on  the  octahedron  also  gives  a  figure  of 
fourteen  fiices,  whereof  eight  are  octagons  and  six  are  squares. 

1155.  The  dodecahedron  so  cut  produces  tweKe  pentagons  united  by  twenty  heiagona, 
and  baring  thirty-two  ndei.  This  lost,  from  some  ptnnts  of  Ticw,  so  approaohn  the 
figure  of  the  sphere,  that,  at  a  Utile  distance,  it  looks  almost  spherical. 


1 156.  The  other  solids  whose  surfacca  are  plane,  whereof  mention  liai  already  been 
made,  are  pynunids  snd  prisms,  partaking  of  the  tetrahedron  and  cube ;  of  the  former, 
inasmuch  as  their  sides  ahove  the  base  are  formed  by  triangles  which  approach  each  other 
ao  as  together  to  form  the  sulid  angle  which  is  the  lummit  of  the  pyramid ;  of  the  latter, 
because  their  Aces,  which  rise  above  the  base,  are  formed  by  rectangles  or  parallelograms 
which  preserve  the  same  distance  trom  each  other,  but  differ,  &om  their  riung  on  a  poly- 
gonal base  and  being  undetermined  as  lo  height. 

1 I5T.  This  species  may  be  regular  or  irregular,  tbey  may  have  their  axes  perpendicular 
fir  inclined,  they  may  be  truncated  or  cut  in  a  direction  dther  parallel  or  inclined  to  their 
bases. 

1 158.  The  developement  of  a  pyramid  or  right  prism,  whose  base  and  height  are  given, 
is  not  attended  with  difflculty.  The  operation  is  by  raising  on  each  side  of  the  base  a  triangle 
equal  in  hogbt  to  the  inclined  Gwe,  as  in  the  pyramidal  figures  4BT.  and  4S8.,  and  a 
rectaogle  equal  to  the  perpendicular  height  if  it  be  a  prism. 


1159.  If  the  pyramid  be  oblique,  aa  in/g.  489.,  wberrin  the  length  of  the  sides  of  each 
triangle  can  only  be  represented  by  fbrahorlening  them  in  a  vertical  or  horisontol  pro- 
jection, a  third  operation  it  necessary,  and  that  is  fbunded  on  a  principle  common  to  all 
projeetioDS ;  vis.  IJtai  Ikt  Itnglh  of  as  rac/iaof  lira  pngtrttd  or  firethorltxid  m  a  plmt, 
dtpriuU  apM  the  digtraet  of  (As  perjmdiciilaT  tbmgalim   of  iti  cxtrsmitiss  from  tit  jalam. 
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IIGO.  In  the  npplicitiim  of  tbit  role  to  the  oblique  pyramid  at fy.  489.,  the  purition  of 
the  paint  V^Jig.  490.)  must  bcibowa  on  the  pliin  or  boriiontal  piojection  uuweriDg  to  the 
•pel  of  the  pyrunid,  and  fcora  thu  paint  perpendicular  to  the  &ce  CD  on  the  some  lide 
the  perpendicular  PC  muat  be  dnwn.  Then  ^m  the  point  F  u  •  eentre  describe  the 
■Tea  BA.  Cc,  vhich  will  trstuler  upon  PC  tile  boriiantAl  pn^ectioiu  of  the  inclined 
arrune*  AP,  EP,  and  DP ;  and  raising  the  perpendioulu  PS  equal  to  the  height  of  the 
apei  P  of  the  pyramid  above  the  plana  of  prtyection,  draw  the  line)  So.  St.  Se,  vMcb  will 
give  the  real  lengths  of  all  the  edges  or  arriasea  of  the  pyramid. 

1161.  We  may  then  obtain  the  triangles  vhich  form  the  developement  of  this  pyramid!, 
by  describing  from  C  as  a  centre  vith  the  radius  Sc,  tlie  are  tg,  and  from  the  point  D 
another  arc  inUraecting  Che  other  in  F.  Drawing  the  lines  CF,  DF.  the  triangles  CFD 
will  be  the  davelopement  of  the  side  DC  To  obtain  that  answering  to  BC,  from  the 
points  F  and  C  with  S&  and  Be  as  radii,  describe  arcs  intersecting  in  B'  and  draw  B'Fand 
CB':  the  triangle  FOB' will  be  the  developement  of  the  ikce  answering  to  the  nde  Be 

116S.  We  shall  find  the  triangle  FA'B'.  by  using  the  lengths  8A  and  DA  to  find  the 
p<dnla  B'  and  F,  which  will  determine  the  triangle  corresponding  to  the  &ce  AD.  and  lastly 
the  triangles  FDE'  and  FE'A"  corresponding  to  the  bees  DE,  AE  by  using  the  lengths 
Si,  DE  and  SA,  AE.  The  whole  develc^emant  AEDE'A'T,  A'D',  CDA  being  bent  on 
the  lines  It'FcF,  CD,  DF,  and  EF  will  Ibmi  the  inclined  figure  represented  lafig.  489. 

1163.  If  Ibis  pyraniid  be  truncated  by  tlie  plane  nm,  parallel  to  the  base,  the  contour 
resulting  tram  the  section  may  be  traced  on  the  developement  by  producing  Vm  from  F 
to  a,  and  drawing  the  line*  ab,bc,cd,<li  and  ™"  parallel  to  A'B',  B'C,  CD,  DE'  and  E'A". 

1 164.  But  if  the  plane  oT  the  section  be  perpendicular  to  the  ails,  as  nu,  from  the  point 
F  with  a  radius  equal  to  Pa  describe  an  arc  of  a  circle,  in  which  inscribe  the  polygon 
ai"c  'd'^'a".     Then  the  polygon  oqmifo'  is  the  plane  of  the  section  induced  b;  the  line  swi 


1 165.  In  a  right  prism,  (he  iiiceB  hAag  all  perpendicular  to  the  bases  which  terminate 
the  solid,  the  developements  are  rectangloi.  consisting  of  all  these  bees  Joined  ti^ether  and 
enclosed  by  two  parallel  right  lines  equal  to  the  contours  of  the  bases. 

1166.  When  a  prism  is  inclined,  the  feces  form  diflerent  angles  with  the  lines  of  the 
oontours  oT  the  bases,  whence  results  a  developement  wiiose  eitreiaitiea  are  terminated  by 
lines  forming  portions  of  polygons. 

11 67.  We  must  first  b^n  by  tracing  the  profile  of  the  prism  parallel  to  its  degree  of 
inclination  (,fig-  491.).  Having  drawn  the  line  Cc,  which  represents  the  inclined  axis  of 
the  prism  in  the  direction  of  its  length,  and  the  lines  AD,  bdt  to  show  the  surfaces  by 
which  it  is  terminated,  describe  on  such  axis  the  polygon  which  Ibmu  the  plane  of  the 
prisra  h,  i.  A,  4  •"  perpendicular  to  the  aits.  Producing  the  sides  Id,  An  parallel  to  the  axis 
to  meet  the  lines  AD,  bd,  they  will  give  the  four  arrisses  of  the  prism,  answering  to  t^c 
an^es  J(,  n,  A,  I ;  and  the  line  Cc  which  loaes  itself  in  the  axis  will  give  the  anines  int. 

1 168.  It  must  be  observed,  that  in  this  profile  the  sides  of  the  polygon  ji,  i,  jl,  f,  a  give 
the  width  of  the  fiwes  round  the  prism,  and  the  lines  Ab,  Cc,  Dd  their  length.  From  this 
profile  follows  the  horiaonlal  priycction  {Jig.  492.)  wherein  the  lengthened  poIygt»is  tepnj. 
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MDt  the  bu«  of  tha  pium.  Id  order  to  obtain  the  derelopemeDt  of  this  Inclined  prumi 
BO  that  being  bent  up  it  ma;  rormthe  figurci  from  the  middle  of  Cc,  Jig.  491.  ■  perpendicular 
0,  f^  f  muit  be  raised,  pniduced  to  f,  /'.  Jig.  493. ;  on  this  line  muat  be  tian^erred  tha 
widtbi  of  the  faces  sbowil  b;  the  polygon  h,i,k,l,m,n,  ot  Jig.  491.  in  I,  k,  i,  k,  n,  m,  F, 
fig.  493. :  through  these  points  parallel  to  the  alia,  lines  are  to  be  dranfn,  upon  irhich  }D 
of  ^p.  491.  must  be  laid  fhim  I  toE.fraiD  \  to  D,  and  from  fta'E.'.Jig.  493.  ipC.fig.  491., 
must  be  \tii  fhjm  i  to  C,  and  from  m  to  F  io  Jig.  493. 

oA,  fig.  491.,  1)  to  be  lud  fVom  A  to  B  and  from  a  to  A,  Jig,  493.,  which  will  give 
the  contour  of  the  de>elopement  of  the  upper  part  1^  drawing  the  lines  ED, 
DCB,  BA,  AFE'.fig.  498. 
To  obtain  the  contour  of  the  base,  gd  of  Jig.  491.  muat  be  transferred  fKHn  lloq,  from  jt 
to  d,  and  from  r  to  t",  fig.  493. 

pe  tmrnfig.  491.  from  i  to  c  and  from  m  to/  (_fig.  493.  )i  lastly,  si  of  Jig.  16.  must 
be  transferred  tntai  K  to  b  and  from  a  to  a  (j^.  493')  and  drawing  the  lines  ed, 
bed.  ba,  and  o^V,  the  contour  will  be  obtained. 
1 169.    TbedeTelopcment  will  be  completed  by  drawing  uti  the  bees  DA  and  ba,  elongated 
polygoiu  umilar  to  ABCDEF  and  abcdtf  Of  fig.  491.  and  of  the  uune  vae. 


1 1  TO.  Cylinden  may  he  eonmdered  aa  prisms  whose  bases  are  formed  by  polygons  of  an 
inliiiite  number  of  sides,  'j^us,  graphically,  the  dcTclopement  of  a  ngbt  cylinder  is  ob- 
tained, by  a  rectangle  of  the  same  height,  having  in  its  other  direction  the  circumference  of 
the  circle  which  serves  as  its  base  measured  by  a  greater  or  less  number  of  equal  parts. 

1171.    But  if  tbe  cylinder  is  oblique  (Jfy.  494.>  we  must  take  tlie  same  measures  as  for 


the  prism,  and  eonuder  (he  inclination  of  it.  Having  described  eentmlly  on  its  axis  the 
eirele  or  ellipsis  which  forms  its  perpendicular  Ihicknesa  in  respect  of  the  axis,  the  citcunt- 
ferenee  lotut  be  diiided  into  >n  equal  number  of  c<iual  parts,  as,  fur  instance,  twelve, 
beginning  from  the  diameter  and  drawing  from  the  pomts  of  division  the  parallels  to  the 
■'•    '-■,  e*,<HMa,/ii,,  GO,  which  will  give  the  projection  oflhe  bases  and  the  general 


ir  the  prt^ection  of  the  bases  on  an  horiiontal  plane,  r 
the  points  where  the  parallels  niout  the  line   of  the   base  HO,  i 
should  bo  let  bll,  and  after  hating  drawn  the  line  H',  O'.  paiallel  to  110  upon  these  per- 
pendiculan  above  and  below  the  patallcl,  must  be  Inuu'lcrrcd  (be  Hie  of  the  ordioates  of 
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tbc  circle  or  ellipai*  trmeed  on  the  biu  of  tha  cylinder,  that  ii,  pi  and  plo  to  i'l.  and 
i'lO  :  ;9  uid  ^9  ia  VH  and  k'q,  lie.  In  order  to  noid  unneceauy  repetition,  the  j^.  494, 
49S>  496.  are  ■imilarlf  flgured,  and  will  b;  inipection  indicate  the  corresponding  lines. 

1173.  In  the  U*t  figure  the  line  E'E'  ia  the  approiimale  derelopement  of  the  circum- 
flercnoc  of  the  circleawbicb  fbllov  the  lection  D£  perpendicular  to  the  alii  of  the  cylinder, 
dlTlded  into  IS  equal  pttTtM^Jlg.  494.  For  which  purpose  there  hare  been  tranaferred  upon 
this  line  on  each  aide  of  the  point  D,  lii  of  the  diiiiioni  of  the  circle,  and  throu^  the*e 
points  have  been  drawn  an  equal  number  of  indefinite  paimllelft  to  the  lines  traced  upon  the 
eylinder  in^.  494.  :  then  taking  the  point  D'  aa  correspondent  to  D,  Ibe  length  of  these 
lines  IS  determined  by  transferring  to  each  of  them  their  relative  diipenaions,  measured 
fWnn   DG  in    AG  for  the  superior  sur&ce  of  the  cylinder,  and  fVom   D£  to  HO  for 

1 1 T4,  In  rapeet  oT  the  two  elliptical  inrftees  which  terminate  this  solid,  what  haa  been 
above  stated,  on  the  manner  of  deacribuig  a  eurte  by  means  of  ordioales,  will  render  further 

eiplanatioo  on  that  point  needlen. 


1175.  Tlie  reasoning  which  has  been  used  in  respect  of  cylinders  and  prisms,  is  ap- 
plicable to  cones  and  pyramids. 

I  nS.  In  right  pyramids,  with  regular  and  symmetrical  bases,  the  edge*  or  arrisses  from 
the  base  to  the  uei  are  equ^,  and  Che  sides  of  the  polygon  on  which  they  stand  being 
equal,  their  derdopement  must  be  composed  of  similar  isosceles  triangles,  whii  ^ 

union  will  fbnn  throughout,  part  of  a ' ' ■ "-""  ' ' — "■- 

side*  will  be  the  radii     Thus,  in  com 


regular  polygon  of  an  infinite  number  of  tides,  its  derelopement  becomes  a  aeelor  of  a 

cirtle  A"B"B'"C"  (jty.  498.)  whose  radiua  is  equal  to  the  ude  A'C  of  tbe  cone,  and  the 
arc  equal  to  the  circumference  oTihe  circle  which  la  its  base. 

1 1 77.  Upon  tbia  may  be  traced  the  deielopement  of  the  curves  which  would  result  from 
the  cone  cut  according  to  the  lines  DI,  EF,  and  GH,  which  are  the  ellipsis,  the  parabola, 
and  Ihe  hyperbola.  For  this  purpose  tbc  circumference  of  Che  base  of  the  cone  must  be 
divided  into  equal  parts  ;  from  each  point  lines  must  be  drawn  to  the  centre  C,  representing 
in  this  esse  tbe  apei  of  the  cone.  Having  transferred,  by  means  of  parallels,  to  FF,  tbe 
divisions  of  the  semi-circumference  AFB  of  the  plan,  upon  the  line  A'B',  fbnning  Che  base 
of  the  vertical  pnyecCion  of  the  cone  ( J(ff.  497. )  to  the  points  1  '2',  F3',  and  4',  which,  be- 
cause of  the  uniformity  of  tbe  eurvaCuie  of  the  circle  will  also  represent  tbe  divisions  on  the 
plan  marked  8,  7F',  6.  and  5;  Irom  tbe  summit  C  in  the  elevation  of  the  cone,  the  lines 
CI',  Ca",  C'F,  CS'.  C'4'«rc  to  bedrawn,  cutting  the  plans  DI,  EF,and  GH  of  the  ellipse, 
of  the  panbola,  and  of  the  hyperbola ;  then  by  the  asaiaCanoe  of  these  inleTsectiona  their 
llgurea  may  be  drawn  on  the  plan,  the  first  in  iXpTp"  ;  the  second  in  FE'F )  the  third  in 
H'GH". 

11 7B.   To  obtain  the  points  of  the  circumference  of  the  ellipse  upon  tbe  derelopement 

(fo.  498,).  from  the  points  ii,n,p,9,r  of  the  line  DI  (j»ji.  497.),  draw  parallels  to  the  base 

fSr  the  purpose  of  tianaftrring  thrir  heights  upon  CB' at  the  points  I,  S,  3,4,  £.      TTien 

transfer  C 

_..    -        .^^ 


g.  4a».>  Irom  tne  pomta  ",  a,p,q,  r  m  ine  irae  i/i  \jtg.  ia/.>  uimw  iniuieiaiu  i, 
the  purpose  of  tianaftrring  thrir  heights  upon  CB' at  the  points  I,  S,  3,4,  £. 
nsfer  CD  upon  tbe  developement,  in  Cm'",  C"o™,  CV",  Cj".  CV"  i  and  in  ti 
ier  below,  CV",  CV"',  0"^"",  C  V',  Cr""  i  and  CI  from  C"  in  1"  and  I'". 
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curre  paaring  through  thoe  ptnnti  will  be  the  derelopement  of  the  clrcumfereiiee  of  tht 
ellipae  indicated  iajig.  497.  bj  the  right  line  DI,  which  it  iu  great  aiii. 

117%  Far  the  puabola  (jg.  499.)onthe  side  CA'  (_fig.4aT.y,  dnw  bg  tod  iJi ;  then 
tisnifer  DE  on  the  drrelopement  in  C"E";  C'y  from  C"  to  ft'"  and  i"";  C'A,  Iram  C"  to 
a'"  sad  o"" ;  and  through  the  pointi  F",  a'",  ft'",  E",  b"",  a"",  P",  trace  a  curve,  which 
will  be  the  deielopement  of  the  parabola  ahown  in^,  497.  by  the  line  £F. 

1 1 80.  For  the  hyperbola,  having  drawn  through  the  pointa  n  and  i,  the  parallela  mt,  if, 
timiBier  CG  from  C"  to  G  ",  and  from  C"  to  G' '  of  the  derelopement,  C'«  from  C"  to  w'" 
and  Hi"",  C/ttata  C'to  i""  and  i ""  ;  and  after  having  transiWrred  311' and  6H"of  the  plan 
to  the  eircumfEiEnoe  of  tbe  derelopement,  from  3  to  H'",  and  from  6  to  II"",  by  the  aid  of 
the  pointi  H'",  ■",  m'",  G"  and  H"",  i"",  ■■"",  G'",  draw  two  curvca,  of  which  each  will  be 
tbe  derelopenunt  of  one  half  of  the  hyperbola  represented  by  the  right  line*  GH  and  H'H", 

figt.  ■t97.»adSOO.,tDdbjfii.50l. 

1 181.  Tbe  taode  of  finding  tbe  developemeot  of  on  oblique  cone,  chown  inj!^.  508,  SOS, 


504, 505.  diffen,  aa  fbllowi,  from  the  preceding.  1 .  From  the  position  of  tbe  apex  C  upon 
the  plan  5Qa.,  determined  by  a  vertical  let  &11  from  such  apei  in  Sg.  509.  S.  BeciuK  the 
line  DI  of  this  figure,  Imng  parallel  to  tbe  base,  give*  for  tbe  pLui  a  circle  inatead  of  an 
ellipaia.  3.  Because  in  fioding  the  lengthened  extent  of  the  right  lines  dnwa  frvm  the 
■pel  of  the  cone  to  the  eircumlerencB  of  tbe  base,  diiided  into  equal  parts,  j^.  SOi.  ia  intra. 
duccd  to  bring  them  together  in  order  to  avoid  confiuion,  these  lines  being  all  of  a  different 
aiie  on  account  of  the  obliquity  of  the  cone.  In  this  figure  the  line  CC  sbowi  the  perpen- 
dicular height  of  tbe  apex  of  the  cone  above  the  plan ;  so  thai  by  transferring  from  each  aide 
the  projections  of  these  line*  taken  on  the  plan  from  the  point  C  to  the  circumference,  we 
ahall  have  CA",  CI,  CH,  Cf,  C3,  C4,  CB',  on  one  side,  and  CA',  C8,  C7,  CF,  Ce,  C5,  and 
CB"  on  tbe  other  i  laitljr.frtim  the  point  C  drawing  lines  to  all  tbeae  points,  they  will  give  the 
cdgca  oraryiiaefl  of  the  uiacribed  pyramid,  by  which  the  dev  elopement  inj^.  505-  ia  obtained. 
Having  obtained  the  point  C"  representing  the  apei,  a  line  ia  to  be  drawn  through  it  equal 
to  CA  (Jig.  504.)  ;  then  with  one  of  the  division!  of  the  base  taken  on  the  plui,  such  as 
AI,  it  must  be  laid  from  the  point  A  of  the  developement  of  tbe  section  ;  then  taking  CI 
<iX  Jig.  504.,  describe  from  the  point  C"  another  arc  which  will  croea  tbe  former,  and  will 
determine  the  point  1  of  the  devetopemeot.  Continuing  the  operations  with  the  constant 
length  Al  and  the  difFerent  lengtha  C3,  CF',  C3,  &c.,  taken  from  fig.  £04.  and  traoiferred 
lo  C9,  C"F,  C'3,  &C.  of  the  developement,  the  necessary  points  will  be  obtained  for  tracing 
the  curve  B"AB"',  representing  the  contour  of  the  oblique  base  of  the  cone. 

1181  Weobtunlhedevelopemcntof  the  circle  shown  by  the  line  DI  of  j^.  502.  parallel 
to  that  of  tbe  base  AB,  by  drawing  another  line  I'D'D  "I"  (j!^.  £04.)  at  the  same  distance 
from  tbe  summit  C,  cutting  all  the  oblique  lines  that  have  served  for  the  preceding  de. 
vdopement;  and  (hi  one  si^  CD",  Cb,  Co,  Cp,  Cq,  Cr,  CI ",  must  be  carried  to  ^;.  505., 
6om  C "  to  D",  ri,a,p,q,  r,  and  on  tbe  other  from  C"  to  a,  o,  p,  9,  ^  and  I'"',  on  fig,  SOS. 
The  curve  lane  paaung  through  theae  points  will  be  tbe  developement  of  this  circle. 

118S.  To  trace  upon  the  developement  the  parabola  and  hyperbola  shown  by  tbe  lines 
EF,  G3  t)tfig.  5oa.,  from  the  pointi  Eba,  Gav  draw  parallels  to  the  base  AB,  which, 
tranaferred  to  Jig.  504.,  will  indicate  upon  corresponding  lines  the  real  distance  of  these 
point*  from  the  apex  C,  which  are  to  be  laid  in  fig.  505.  trom  C "  lo  E,  ^  a,  ft  and  a  fin 
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a  the  other  to  G,  m,  {,  for  the 


I1S4.  Tbe  deielopement  of  the  cphere  and  other  bodin  vhoie  eur&oe  hu  a  double 
fleiure  would  be  imponible.  unlen  we  considered  them  u  conuiting  of  >  great  Dumber  of 
plane  tacti  or  of  umple  curvature*,  aa  the  cytindec  and  tbe  cone.   Thu>  a  sphere  or  aphennd 
may  be  coiuidered,  ~- 1.    At  a  potjrbedron  of  a  great  number  of  plane  laoea  formed  by 
truncated  pyramid*  whose  baw  ia  a  polygon,  ttflg,  506.      II.   By  truncated  cones,  forming 
iones,asinj!9.  £09.     III.  Bj 
parts  of  cylinder!  cut  in  goiei, 
forming  flat  sidefl  that  diminiih 
in  width,  shown  by^.  Sia 

1 1 BS.  In  reducing  the  sphere 
or  apheroid  to  a  polyhedron 
with  flat  bees,  the  dcTelope- 
ment  may  be  accomplUhed  in 
two  ways,  which  differ  only  by 
the  manner  in  which  the  bee* 
are  deieloped. 

1 1 B6.  The  moat  aimple  me- 
thod of  dividing  the  sphere 
to  reduce  it  to  a  polyhedron  u 

that  of  parallel  circlei  croued  n 

hy    others     perpendicular    to 
them,  and  intersecting  in  two 
opposite  points,  as  in  the  com- 
mon geographical  globes.      If, 
instead  of  the  circle,  the  poly- 
gons are  supposed  of  the  same    ' 
number  of  sides,  a  polyhedronAl 
will   be  the  result,  similar   to   I 
that  represented  by  Jig.  508., 
whoKhalTADUsliows  the  geo- 
metrical elevation,  and  AEB 
the  plan  of  it  "•"'■        '"  ""- 

1187.  For  the  derelopement,  produce  Al,  1£,  23,  so  aa  to  meet  tbe  produced  aiis  CP  in 
order  to  obtain  the  summits  P,  g,  r,  D  of  the  truncated  pyramids  which  form  the  semi-poly- 
hedron ADBi  then  from  tbe  points  P,  g,  r,  with  the  radii  PA,  PI,  j\,  gS.  rS,  rS  and  I^, 
describe  tbe  indefinite  arcs  AB',  1ft',  16",  2/',  2/",  3g',  and  3^,  upon  which,  after  haling 
transferred  the  divisions  of  tbe  demi-polygons  AEB,  1(6'",  3('5"',  St",  4",  from  all  the 
transferred  points,  as  A,  4',  S'.  6',  T',  8',  9',  B',  for  each  truncated  pyramid  draw  lines  lo  the 
summits  PgrD,  and  other  lines  which  will  form  inscribed  polygons  in  each  of  tbe  arcs  AB', 
lb',  16',  Sec.  Tbete  lines  will  represent  for  each  band  or  lone  the  bees  of  the  truncated 
pymmidi  whereof  they  are  part 

1 1 88.  We  may  arrive  at  the  same  developement  by  raising  upon  the  middle  of  each  side 
of  the  polygon  AEB  Indefinite  perpendiculars,  upon  which  must  be  laid  the  height  of  the 
Glees  of  the  elevation  in  1,  2,  3,  4  ;  through  which  points  draw  parallels  to  the  base,  upon 
which  transfer  the  widths  of  each  of  the  faces  taken  on  the  plan,  whereby  trapena  will  be 
fbrmed,  and  triangles  similar  to  those  found  in  the  first  developement.  but  ranged  in  another 
manner.  This  last  developement.  which  is  called  in  gortt,  is  more  suitable  for  geographical 
globes  j  the  other  method,  for  the  formation  of  tbe  centres,  moulds,  and  the  like,  of  spherical 
vaults. 

1189.  The  developement  of  the  sphere  by  conic  sones  (jlj.  509.)  is  obtained  by  the 
same  process  as  that  by  truncated  pyramids,  the  only  difference  being,  that  the  develope- 
ment of  the  arrisies  A  U,  \b,  S/ »;,  are  arcs  of  circles  described  A'om  the  summits  of  cones. 
instead  of  heintf  polygons. 

1190.  Tbe  developement  of  the  sphere  reduced  to  portions  of  cylinders  cut  In  gore* 
(jf^.  510.)  is  conducted  in  the  seeond  manner,  but  instead  of  joining  with  lines  the  piunta 
6,  k,  I,  k.  d,  (fig.  508.)  they  must  be  united  by  a  curve.  This  last  method  ii  useliil  in 
drawing  the  cadssons  or  panoels  in  spherical  or  spheroidal  vaults. 
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treated  of  in  the  preceding  sections,  and  we  have  now  to  speak  of  the  third,  which  must 
not  he  confounded  with  plane  angles.  Of  these  last,  we  have  explained  that  they  are 
formed  by  the  lines  or  arrisses  which  bound  the  faces  of  a  solid ;  but  the  angles  of  planes, 
whereof  we  are  about  to  speak,  are  those  formed  by  the  meeting  of  two  surfaces  joining  in 
an  edge. 

1198.  The  inclination  of  one  plane  ALDE  to  another  ALCB  (^.  511.)  is  measured 
by  two  perpendiculars  FG,  FH  raised  upon  each  of  these  planes 
from  the  same  point  F  of  the  line  or  arris  AL  formed  by  their 
union. 

1 1 93.  It  is  to  be  observed,  that  this  angle  is  the  greatest  of  all 
those  formed  by  lines  drawn  from  the  point  F  upon  these  two 
planes ;  for  the  lines  FG,  FH  being  perpendicular  to  AL,  conmion 
to  both  the  planes,  they  will  be  the  shortest  that  can  be  drawn  from 
the  point  F  to  the  sides  ED,  BC,  which  we  suppose  parallel  to 
AL ;  thus  their  distance  GH  will  be  throughout  tlie  same,  whilst 
the  lines  FI,  FK  will  be  so  much  the  longer  as  they  extend  beyond  ^'s*  ^^^' 

the  perpendiculars  FG,  FH,  and  we  shall  always  have  KI  equal  to  GH,  and  conse- 
quently the  angle  IFK  so  much  smaller  than  GFH  as  it  is  more  distant 

1 1 94.  Thus,  let  a  rectangular  sur&ce  be  folded  perpendicularly  to  one  of  its  sides  so  that 
the  contours  <tf  the  parts  separated  by  the  fold  may  frdl  exactly  on  each  other.  If  we  raise 
one  of  them,  so  as  to  move  it  on  the  fold  as  on  a  hinge,  and  so  as  to  make  it  form  all  degrees 
of  angles,  we  shall  see  that  each  of  the  central  extremities  of  the  moveable  part  is  always  in 
a  plane  perpendicular  to  the  part  that  is  fixed. 

1 1 95.  This  property  of  lines  moving  in  a  perpendicular  plane,  furnishes  a  simple  method 
of  finding  the  angles  of  planes  of  all  sorts  of  solids  whose  vertical  and  horizontal  projec- 
tions or  whose  developements  are  known. 

1 1 96.  Thus,  in  order  to  find  the  angles  formed  by  the  tetrahedron  or  pyramid  on  a  tri- 
angular base  (^jF.  477.),  we  must  for  the  angles  of  the  base  with  the  sides,  let  fitU  from 
the  angles  ABC  perpendiculars  to  the  sides  <xej  eb,  and  ah,  which  meet  at  the  centre  of  the 
base  in  D.  It  is  mimifest  from  what  has  just  been  said  on  this  subject,  that  if  the  three 
triangles  are  made  to  move,  their  angles  at  the  summit  A,  B,  C  will  not  be  the  vertical 
planes  shown  by  the  lines  AD,  DB,  DC,  and  that  they  will  meet  at  the  extremity  of  the 
vertical,  passing  through  the  intersection  of  these  planes  at  the  point  D.  Thus  we  obtain 
for  each  side  a  rectangular  triangle,  wherein  two  sides  are  known,  namely,  for  the  side  eb, 
the  hypothenuse  ed,  and  the  side  eD.  Thus  raising  from  the  point  D  an  indefinite  per- 
pendicular, if  from  the  point  e  with  eB  for  a  radius  an  arc  is  described  cutting  the  per- 
pendicular in  d,  and  the  line  de  be  drawn,  the  angle  deD  will  be  that  sought,  and  will  be 
the  same  for  the  three  sides  if  the  polyhedron  be  regular ;  otherwise,  if  it  is  not,  the 
operation  must  be  repeated  for  each. 

1 1 97.  These  angles  may  be  obtained  with  great  accuracy  by  taking  de,  or  its  equal  eB, 
for  the  whole  sine;  then  de  I  eD::sine  :  sine  19°  28',  whose  complement  70^  SS'  will,  if 
the  polyhedron  be  r^ular,  be  the  angle  sought.  In  this  case,  all  the  sides  being  equal, 
and  each  being  capable  of  serving  as  base,  the  angles  throughout  are  equal.  In  respect 
of  the  cube  (Jige.  479.  and  4^3.)  whose  fkces  are  composed  of  equal  squares,  and  whose 
angles  are  all  right  angles,  it  is  evident  that  no  other  angles  can  enter  into  their  com- 
bination with  each  other. 

1 1 98.  To  obtain  the  angle  formed  by  the  faces  of  the  octahedron  (^^.  480. )  from  the 
points  C  and  D  :  with  a  distance  equal  to  a  vertical  dropped  upon  the  base  of  one  of  the 
triangles  of  its  developement(^.  484.),  describe  arcs  crossing  each  other  in  F  ;  and  the 
angle  CFD  will  be  equal  to  that  formed  by  the  fiuses  of  the  polyhedron,  and  will  be  found 
by  trigonometry  to  be  70^  32'.  In  the  dodecahedron  (Jig.  481.),  the  angle  formed  by  the 
fiices  will  be  found  by  drawing  upon  its  projection  the  lines  DA,  and  producing  the  side 
B  to  £,  determined  by  an  arc  made  from  the  point  D  with  a  radius  equal  to  B  A.  The 
angle  sought  will  be  found  to  be  108  degrees. 

1 199.  For  the  icosahedron  {Jig.  482.),  draw  the  parallels  Aa,  B6,  Cc,  and  after  having 
made  6c  parallel  and  equal  to  BC,  with  a  radius  equal  thereto,  describe  an  arc  cutting  in 
a  the  parallel  drawn  from  the  point  A  ;  the  angle  abe  will  be  equal  to  that  formed  by  the 
sides  of  the  polygon,  which  by  trigonometry  is  found  to  be  108  degrees,  as  in  the  dodeca- 
hedron. 

1200.  For  the  pyramid  with  a  quadrangular  base  (Jig.  487.)  the  angle  of  each  fiwe  with 
the  base  is  equal  to  FAB  or  PBA,  because  this  figure,  which  represents  its  vertical  pro- 
jection, is  in  a  plane  parallel  to  that  within  which  will  be  found  the  perpendiculars  dropped 
from  the  summit  on  the  lateral  faces  of  the  base. 

1 201 .  In  order  to  obtain  the  angles  which  the  inclined  sides  form  with  one  another, 
draw  upon  the  developement  (Jig.  488.)  the  line  ED,  which,  because  the  triangles  PEC, 
PCD  are  equal  and  iaoceles,  will  be  perpendicular  to  the  line  PC,  representing  one  of  the 
— ! —  which  are  formed.     Then  horn   the  point  D  with  a  radius  equal  to  DF,  and 

Bb  2 
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from  the  point  C  with  a  radius  equal  to  the  diagonal  AD  (of  the  square  representing 
the  square  of  the  base)  describe  arcs  intersecting  each  other.  The  angle  FDG  will  be 
the  angle  sought     We  may  suppose  it  taken  along  the  line  BC  traced  in^.  487. 

1902.  In  order  to  obtain  the  angles  formed  by  the  fiices  of  an  oblique  pyramid  (^fig,  489.)* 
through  some  point  q  of  the  axis  draw  the  perpendicular  imo,  showing  the  base  oqmq'o'  of 
the  right  pyramid  mpot  whose  developement  is  shown  in  J^.  490. »  by  the  portion  of  the 
polygon  a,  6",  c",  e",  rf",  a'F. 

120S.  By  means  of  this  base  and  the  part  developed,  proceeding  as  we  have  already  ex> 
plained  for  the  right  pyramid,  we  shall  find  the  angles  formed  by  the  meeting  of  the  foces, 
and  they  will  differ  but  little  from  those  of  the  little  polygon  oqmq'o'. 

1204.  In  respect  to  the  angles  formed  by  the  fiices  inclined  to  the  base,  that  of  the  face 
answering  to  the  side  D«  of  the  base  is  expressed  by  the  angle  A  DP  of  the  vertical  projec- 
tion,/^. 489. 

1205.  As  to  the  other  fitces,  for  instance,  that  which  corresponds  to  the  side  A£  of  the 
base  {^g,  490.),  through  any  point  g  draw  ^perpendicular  to  it,  meeting  the  line  AF,  show- 
ing the  projection  of  one  of  the  sides  of  the  inclined  fiu» ;  upon  the  developement  of  this 
&oe,  expressed  by  A''£'F,  raise  at  the  same  distance  from  the  point  £'  another  perpen- 
dicular g'm't  which  will  g^ve  the  prolongation  of  the  line  shown  on  the  base  by  A/  If  we 
transfer  A"m  of  the  developement  upon  Am,  which  expresses  the  inclination  of  the  arris 
represented  by  this  line,  we  shaU  have  the  perpendicular  height  mf  of  the  point  m  above  the 
bouBe,  which,  being  transferred  from^''  upon  a  perpendicular  to  gf^  we  shall  have  the  two 
sides  oX  a  triangle  whose  hvpothenuse  gm"  will  give  ni"gft  the  angle  sought. 

1 206.  In  the  oblique  pnsm  (^.  491.),  the  angles  of  the  faces  are  indicated  by  the  plant 
of  the  section  perpendicular  to  tfie  axis,  represented  by  the  polygon  hiUnm. 

1 207.  Those  of  the  sides  perpendicular  to  the  plan  of  the  mclination  of  the  axis  are 
expressed  by  the  angles  IXib,  Ahd  of  the  profile  in  the  figure  last  named. 

1208.  In  order  to  obtain  the  angles  formed  with  the  other  sides,  for  instance  CcDi  and 
CcA6,  draw  the  perpendiculars  ctM,  whose  projection  in  plan  are  indicated  by  i"c'  and  h't', 
then  upon  fcy  diawn  aside,  raise  a  perpendicular  e"c"*  equal  to  ct  of  the  profile,^.  491. 
Through  the  point  e"*  draw  a  line  parallel  to/e,  upon  which,  having  transferred  c'a'  of  the 
projection  in  pkn  (^ftg,  492.),  draw  the  hypothenuae  t'V,  axid  it  will  give  the  angle  t"e"f 
formed  by  the  fiuse  CcDJ  with  the  inferior  base. 

1209.  To  obtain  the  angles  of  the  fiice  CcAft,  raise  upon  F&'',  drawn  on  one  side,  a  per- 
pendicular h"t"'f  equal  to  U  {fig,  492.),  and  drawing  as  before  a  parallel  to  h"  through  the 
point  t'",  transfer  &r  of^.  492.  to  ft";  and  drawing  t"h'\  the  angle  t''h"¥  is  that 
required. 

1210.  As  the  bases  of  this  prism  are  parallel,  these  fiu:es  necessarily  form  the  same  angles 
with  the  superior  base. 

1211.  An  acquaintance  with  the  angles  of  planes  is  of  the  greatest  utility  in  the  prepara- 
tion of  stone,  and  a  thorough  acquaintance  with  it  will  well  repay  the  architectural  student 
for  the  labour  he  may  bestow  on  the  subject. 


Sect.  VII. 
MxirsuaATioN. 


1 21 2.  Ilie  area  of  a  plane  figure  is  the  measure  of  its  surfkce  or  of  the  space  eontuned 
within  its  extremities  or  boundaries,  without  regard  to  thickness.  This  area,  or  the  content 
of  the  plane  figure,  u  estimated  by  the  number  of  small  squares  it  contains,  the  sides  of 
each  whereof  may  be  an  inch,  a  foot,  a  yard,  or  any  other  fixed  quantity.  Hence  the  area 
is  said  to  consist  of  so  many  square  inches,  feet,  yards,  &c.,  as  the  case  may  be. 

1213.  Thus  if  the  rectangle  to  be  measured  be  ABCD  (Jig,  512.),  and  the  small  square 
£,  whose  side  we  will  suppose  to  be  one  inch,  be  the  measuring  i^  4 
unit  proposed ;  then,  as  often  as  such  small  square  is  contained  in 
the  rectangle,  so  many  square  inches  are  said  to  be  contained  in  the 
rectangle.  Here  it  wiU  be  seen  by  inspection  that  the  number  is 
12  ;  that  the  side  DC  or  AB,  which  is  4  times  the  length  of  the 
measuring  unit,  multiplied  by  the  number  of  times  3,  which  the 
length  of  the  measuring  unit  is  contained  in  AD  or  BC,  will  give 
1 2  for  the  product. 

1214.  Problsx  I.    7b  find  the  ana  of  a  paraMogram,  whether  it 
he  a  equate,  a  rectangle,  a  rhombme,  or  a  rhonioid.  1        j 

Multiply  the  length  by  the  perpendicular  breadth  or  height,  and                 \  ^  \ 
the  product  will  be  the  area.  ' 
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Example  1.   Required  the  area  of  a  parallelogram  whose  length  is  1 2 '25  feet,  and 
height  8*5  feet 

12-25  X  8*5»I04125  feet,  or  104  feet  1|  mches. 

Example  2.   Required  the  content  of  a  piece  of  land  in  the  form  of  a  rhombus  whose 
length  is  6*20  chains,  and  perpendicular  height  5*45. 

Recollecting  that  1 0  square  chmns  are  equal  to  a  square  acre,  we  have, 

6*20  X  5*45«33'79  and  ^^  =  3*379  acres,  which  are  equal  to  3  acres,  I  rood, 

20f^  perches. 

Example  3.   Required  the  number  of  square  yards  in  a  rhomboid  whose  length  is  37 
feet,  and  breadth  5  feet  3  inches  (  «5*25  feet). 

Recollecting  that  9  square  feet  are  equal  to  1' square  yard,  then  we  have 

37  x5*25sl94*25,  and  ^^|^ » 21 '584  yards. 

1215.  PaoBLXK  II.    To  Jind  the  area  of  a  triangle. 

Rule  1.  Multiply  the  hue  by  the  perpendicular  height,  and  take  half  the  product  for  the 

area.     Or  multiply  either  of  these  dimensions  by  half  the  other.     The  truth  of  this 

rule  is  evident,  bemuse  all  triangles  are  equal  to  one  half  of  a  parallelogram  of  equal 

base  and  altitude.    (See  Geometry,  904.) 

Example  1.  To  find  the  area  of  a  triangle  whose  base  b  625  feet,  and  its  perpendicular 

height  520  feet     Here, 

625  X  260 « 162500  feet,  the  area  of  the  triangle. 

Rule  2.  When  two  sides  and  their  contuned  angle  are  given  :  multiply  the  two  given 
udes  together,  and  take  half  their  product ;  then  say,  as  radius  is  to  the  sine  of  the 
given  angle,  so  is  half  that  product  to  the  area  of  the  triangle.      Or  multiply  that 
half  product  by  the  natural  sine  of  the  said  angle  for  the  area.     This  rule  is  founded 
on  proofe  which  will  be  found  in  Chap.  IV.,  on  which  it  is  unnecessary  here  to  say 
more. 
Example.   Required  the  area  of  a  triangle  whose  sides  are  30  and  40  feet  respectively, 
and  their  contained  angles  28^  57'. 
By  natural  numbers :  — 

First,  I  X  40  X  30  »  600. 

Then,  1  :  600::  484046  (sin.  28°  57^)  :  290-4276. 

By  logarithms :  — 

Sin,  28°  57'«  9*684887 
Log.  of600s2*778151 

2*463038  =  290*4276,  as  above. 

Rule  3.  When  the  three  sides  are  given,  take  half  the  sum  of  the  three  sides  added  to- 
gether.    Then  subtract  each  side  severally  from  such  half  sum,  by  which  three  re^ 
mainders  will  be  obtained.      Multiply  such  half  sum  and  the  three  remainders 
together,  and  extract  the  square  root  of  the  last  product,  which  is  the  area  of  the 
triangle.     This  rule  is  founded  on  one  of  the  theorems  in  Trigonometry  to  be  found 
in  the  section  relating  to  that  branch  of  the  subject 
Example.   Required  the  area  of  a  triangle  whose  three  mdes  are  20,  30,  and  40. 
20  +  30  +  40=90,  whose  half  sum  is  45. 
45  —  20  B  25,  first  remainder  ;  45  —  SO  » 1 5,  second  remainder ;    45  —  40 as  5,  third 

remainder. 
Then,  45  x  25  x  15  x  5  =  84375,  whose  root  is  290-4737,  area  required. 

1216.  Peoblem  III.    To  Jind  the  area  of  a  trapexoid. 

Add  together  the  parallel  sides,  multiply  their  sum  by  the  perpendicular  breadth  or  dis- 
tance between  them,  and  half  the  product  is  the  area.    (See  Geometry,  932.) 
Example  1.   Required  the  area  of  a  trapezoid  whose  parallel  sides  are  750  and  1225, 
and  their  vertical  distance  from  each  other  1540. 


1 225  +  750=  1 52075,  the  area.  ^^^ 

Example  2.   Required  the  area  of  a  ^r-"^^"^^^ 

trapexoid  wherein            AP  is  110  feet,  fl 

AQ     745  feet,  /j 

AB   1110  feet,  /  ! 

CP      352  feet,  a^-^^^ 

DQ    595  feet  p„.5,^ 

Therefore,  QB»AB-AQ«]1 10-745  =  365, 
And  PQs  AB-AP- 03  » 1110-110— 365  =  635. 
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For  PCDQ,   595  +  352  X  635 -J-2- 300672-5 
For  the  triangle  ACP,  176  xl  10s   19360 

For  the  triangle  DQB,    ?l?^|^s=  108587-5 

Areas 428620-0  feet 

1217.  Problem  IV.    To  find  the  area  of  any  trapezium. 

Divide  the  trapezium  into  two  triangles  by  a  diagonal ;  then  find  the  areas  of  the  two 

triangles,  and  their  sum  is  the  area. 
Observation.   If  two  perpendiculars  be  let  fall  on  the  diagonal  from  the  other  two  opposite, 
angles,  then  add  these  two  perpendiculars  together,  and  multiply  that  sum  by  the  diagonal. 
Half  the  product  is  the  area  of  the  trapezium. 

Example.   Required  the  area  of -a  trapezium  whose  diagonal  is  42,  and  the  two  per- 
pendiculars  on  it  16  and  18. 

Here,  1 6  +  18  =  34,  whose  half  » 17  ; 
Then,  42  x  17^714,  the  area. 

1218.  PaoBLBM  V.    To  find  the  area  of  an  irregvlar  polygon. 

Draw  diagonals  dividing  the  prop<Med  polygon  into  trapezia  and  triangles.  Then, 
having  found  the  areas  of  all  these  separately,  their  sum  will  be  the  content  re- 
quired of  the  whole  polygon. 
Example.  Required  the  content  of  the  irr^ular 
figure  ABCDEFGA  {fig.  514.),  wherein  the 
following  diagonals  and  perpendiculars  are 
given. 

ACb55,  GC»44,   BnBl8,  Ep  =  8, 
FDr»52,  Gm»  13,  GO»12,  Dg»23. 
And  55  k  9      «495 

55x65  :^357-5 

44xll-5»506 

52x6       «312 

52  X  4       ==:206 


Fig.  A14. 


1878-5,  area  required. 

1219.   PaoBLKM  VI.      To  find  the  area  of  a  regular  polygon. 
Rule  1 .     Multiply  the  perimeter  of  the  polygon,  or  sum  of  its  sides,  by  the  perpendicu- 
lar  drawn  from  its  centre  on  one  of  its  sides,  and  take  half 
the  product  of  the  area ;  which  is  in  &ct  resolving  the  poly, 
gon  into  so  many  triangles. 
Example.  Requir^  the  area  of  the  regular  pentagon  ABCDE 
(Jig,  5\S.)i  whose  side  AB  or   BC,  &c.   is   25  ft.,   and 
perpendicular  OP  17-2  ft. 

62-5Bhalf   the    perimeter,  and    62-5  x  17*2 «>  1075 
square  feet  area  required. 

Rule  2.  Square  the  side  of  the  polygon,  and  multiply  the  square 

by  the  tabular  area  or  multiplier  set  against  its  name  in  the  p,^,  51^ 

following  table,  and  the  product  will  be  the  area.      This 

rule  is  founded  on  the  property,  that  like  polygons,  being  similar  figures,  are  to  one 
another  as  the  squares  of  their  like  sides.  Now  the  multipliers  of  the  table  are 
the  respective  areas  of  the  respective  polygons  to  a  side  » 1  ;  whence  the  rule  is 
evident.     In  the  table  is  added  the  angle  OBP  in  the  several  polygons. 


Here?^|-» 


No.  of 
Sides. 

Kame». 

Multipliers. 

AdrIo 
OBP. 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Trigon  or  equilateral  triangle 
Tetragon  or  square 
Pentagon    .... 
Hexagon     .... 
Heptagon  .... 
Octagon     .... 
Nonagon     .... 
Decagon     .... 
Undecagon           ... 
Dodecagon           ... 

0-4330127 
1-0000000 
1  -7204774 
2-5980762 
3-6339124 
4-8284271 
6  1 818242 
7-6942088 
9-3656399 
11  1961524 

30° 

45° 

54° 

60° 

64f> 

674° 

70^ 

720 

73tV° 
75 
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Example.  Required  the  area  of  an  octagon  whose  side  is  20  feet 

Here  203=400,  and  the  tabular  area  4*8284271  ; 
Therefore  4-8284271  x  400=1931*37084  feet,  area  required. 

1220.  PaoBLSM  VII.    To  ftnd  the  diameter  and  circumference  of  any  circle,  either  from  the 
other. 

Rule  1.   As  7  is  to  22,  or  as  1  is  to  3-1416,  so  is  the  diameter  to  the  circumference.     Or 
as  22  is  to  7,  so  is  the  circumference  to  the  diameter. 
Example.     Required  the  circumference  of  a  circle  whose  diameter  is  9. 

Here  7  :  22::9  :  28|;  or,  — ^=28f,  the  circumference  required. 

Required  the  diameter  of  a  circle  whose  circumference  is  36. 

Here  22  :  7::36  :  11^;  or,  ^«lli|,  the  diameter  required. 

1221.  PaoBLBM  VIII.      Jh^nd  the  length  of  any  arc  of  a  circle. 

Rule  1 .  Multiply  the  decimal  -01 745  by  the  number  of  degrees  in  the  given  arc,  and 
that  by  the  radius  of  the  circle ;  then  the  last  product  will  be  the  length  of  the  arc. 
This  rule  is  founded  on  the  circumference  of  a  circle  being  6-2831854  when  the 
diameter  is  2,  or  3*1415927  when  the  diameter  is  1.  The  length  of  the  whole 
circumference  then  being  divided  into  360  degrees,  we  have  360^  :  6*2831854 

::i® :  -01745. 

Example.      Required  the  length  of  an  arc  of  30  degrees,  the  radius  being  9  feet 

Here  -01745  x  30  x  9  =  4-7115,  the  length  of  the  arc. 

Rule  2.     From  8  times  the  chord  of  half  the  arc  subtract  the  chord  of  the  whole  arc, 
and  one  third  of  the  remainder  will  be  the  length  of  the  arc  nearly. 
Example.     Required  the  length  of  an  arc  DCE  (Jiff.  516.)  whose  chord  DE  is  48, 
and  versed  sine  18. 
Here,  to  find  DC,  we  have  242  +  1 8«= 576  +  324  »  900*  ^^^S-^ 

and  a/900«30=DC.  X^l  ^^\ 

Whence  ^^3"^=^^^=-g=64,  the  length  of  the  arc        d^-- — 

required.  /         ''^^^ 

1222.  PaoBLBM  IX.    To  find  the  area  of  a  circle.  I ^Ij:! j 

Rule  1 .   Multiply  half  the  circumference  by  half  the  diame-  ^  ^ 

ter.     Or  multiply  the  whole  circumference  by  the  whole  FiK.6i6. 

diameter,  and  take  \  of  the  product. 
Rule  2.   Square  the  diameter,  and  multiply  such  square  by  '7854. 
Rule  3.  Square  the  circumference,  and  multiply  that  square  by  the  decimal  -07958. 
Example.     Required  the  area  of  a  circle  whose  diameter  is  10,  and  its  circumference 
31  -416. 

By  rule  l.,?i^^^  =78-54. 

By  rule  2.,  I02  x  -7854=100  x  •7854  =  78-54. 
By  rule  3.,  31  -416  x  31  -416  x  -07958  =78 -54. 

So  that  by  the  three  rules  the  area  is  78*54. 

1223.  Peobleh  X.    To^find  the  area  of  a  circular  ring,  or  of  the  epace  included  between 
the  drctanferenceM  of  two  circles,  the  one  beinff  contained  within  the  other. 

Rule.  The  difference  between  the  areas  of  the  two  circles  will  be  the  area  of  the  ring. 
Or,  multiply  the  sum  of  the  diameters  by  their  difference,  and  this  product  again 
by  -7854,  and  it  will  give  the  area  required. 
Example.     The  diameters  of  two  concentric  circles  being  10  and  6,  required  the  area 
of  the  ring  contained  between  their  circumferences. 

Here  10  +  6  =  16,  the  sum,  and  10—6=4,  the  difference. 
Therefore  '7854  x  16  x  4  =  -7854  x  64=50-2656,  the  area  required. 

1224.  Problxm  XL    Tojind  the  area  of  the  sector  of  a  circle. 

Rule  1 .  Multiply  the  radius,  or  half  the  diameter,  by  half  the  arc  of  the  sector  for  the 
area.  Or  multiply  the  whole  diameter  by  the  whole  arc  of  the  sector,  and  take  \ 
of  the  product  This  rule  is  founded  on  the  same  basis  as  that  to  Problem  IX. 
Rule  2.  As  360  is  to  the  degrees  in  the  arc  of  the  sector,  so  is  the  area  of  the  whole 
circle  to  the  area  of  the  sector.  This  is  manifest,  because  it  is  proportional  to  the 
length  of  the  arc. 
Example.     Required  the  area  of  a  circular  sector  whose  arc  contains  18  degrees,  the 

diameter  b«ing  3  feet 
By  the  first  rule,  3*1416  x  8=9*4248,  the  circumference. 

360  :  18::  9*4248  :  -47124,  the  length  of  the  arc. 
•47 124  X  3  -I-  4  =  1  -4 1 372  -I-  4  =  *35343,  the  area  t>f  the  sector. 
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By  the  second  rule,  '7854  x  S«=a7'0686,  area  of  the  whole  circle. 

S60  :  18:;  7-0686  :  -35343,  the  area  of  the  sector. 

1225.    PaoBLEM  XII.    To  Jind  the  area  of  a  ugment  of  a  eirde. 

Rule  1 .    Find  the  area  of  the  sector  having  the  same  arc  with  the  segment  by  the  last 

problem.     Then  find  the  area  of  the  triangle  formed  by  the  chord  of  the  segment 

and  the  two  radii  of  the  sector.     Take  the  sum  of  these  two  for  the  answer  when 

the  segment  is  greater  than  a  semicirclet  and  their  difference  when  less  than  a 

semicircle. 

Example.     Required  the  area    of  the  segment   ACBDA 

{fig,  517.),  its  chord  AB  being  12,  and  the  radius  AE 

or  CE  10. 

As  AE  :  sin.Z  D90°::  AD  :  sm.  36«  :  52i«36-87  degrees 

in  the  arc  AC. 
Their  double  73*74  degrees  in  arc  ACB. 
Now,  '7854  X  400'*3H*16,  the  area  of  the  whole  circle. 
Therefore,  360 '  :  73 -74  : :  31 4'1 6  :  64  -3504,  area  of  the  sector 

ACBE.  

DE. 


\ 


"^.. 


Again.  ^/AE^- AD«=i  ^/100-.^6=:  v'64  =  8 

Therefore,  AD  x  DE»6x8«48,  the  area  of  the  triangle 

AEB. 
Hence  the  sector  ACBE  (64-350),  less  triangle  AEB  (48)  rif.M. 

B  16*3504,  area  of  s^pnent  ACBDA. 

Rule  2.  Divide  the  height  of  the  segment  by  the  diameter,  and  find  the  quotient  in  the 
column  of  heights  in  the  following  table.  Take  out  the  corresponding  area  in  the 
next  column  on  the  right  hand,  and  multiply  it  by  the  square  of  the  circlets  diameter 
for  the  area  of  the  segment.  This  rule  is  founded  on  the  principle  of  similar  plane 
figures  being  to  one  another  as  the  squares  of  their  like  lineal  dimensions,  llie 
segments  in  the  table  are  those  of  a  circle  whose  diameter  is  1.  In  the  first  column 
is  contained  the  versed  sines  divided  by  the  diameter.  Hence  the  area  of  the 
similar  segment  taken  from  the  table  and  multiplied  by  the  square  of  the  diameter 
gives  the  area  of  the  segment  to  such  diameter.  When  the  quotient  is  not  found 
exactly  in  the  table,  a  proportion  is  used  between  the  next  leas  and  greater  area. 
Example.    As  before,  let  the  chord  AB  be  12,  and  the  radius  10  or  diameter  20. 

Having  found  as  above   DE»8:  then  CE-DE«CD»10-8»2.     Hence 

by  the  rule  CD-t-CF«2-t-20as'l,  the  tabular  height;  this  being  found  in 

the  first  column  of  the  table,  the  corresponding  tabular  area  is  *040875 ; 

then  •040875  x20*sX>40875x  400 » 16-340,  the  area  nearly  the  same  as 

before. 

AasAs  or  thk  Seguxnts  op  a  Circle  whose  DiAMErxa,  Uxirr,  is  supfosed  to  kk 

DIVIDED    INTO    1000    EQUAL    PaRTS. 


Hght.  AreaSeg. 

i 

Hght.  Area  Seg. 

Hght. 

Area  Seg. 

Hght. 

Area  Seg. 

1 
Hght.)  Area  Seg. 

Hght. 

Area  Seg. 

■001 

•000042 

•022 

^004332 

•043 

•011734 

•064 

•021168 

^85 

-032186 

•106 

•044522 

•002 

•000119 

•023 

•004618 

•044 

•012142 

•065  *021659 

•086 

•032745 

•107 

•045139 

•003 

•000219 

•024 

•004921 

•045 

•012554 

•066  ^0221 54 

•087  j  -033307 

•108 

-045759 

•004 

•000337 

•025 

•005230 

■046 

•012971 

•067 

•022652 

•088  -0.33872 

-109 

-046381 

•005 

•000470 

•026 

•005546 

•047 

•013392 

•068  ■023154 

•089  1  ^034441 

-110 

•047005 

•006 

•000618 

•027 

•005867 

•048 

•013818 

•069  •02.3659 

•090  ^035011 

•111 

•047632 

•007 

•000779 

•028 

•006194 

•049 

•014247 

•070  •024168 

•091  I  ^035585 

•112 

•048262 

•008 

•000951 

•029 

•006527 

•050 

•014681 

•071 

•024680 

•092  '036162 

•113 

•048894 

■009 

•001135 

•030 

•006865 

■051 

•015119 

•072 

-025195 

•093  1  -036741 

•114 

•049528 

OlO 

•001329 

031 

•007209 

•052 

■015561 

•073 

-025714 

•094 ;  •037323 

•115 

•050165 

•Oil 

•001533 

•032 

■007558 

•053 

•016007 

•074 

-026236 

-095 ,  -037909 

•116 

•050804 

•012 

•001746 

•033 

•007913 

•054 

•016457 

•075 

•026761 

•096  -038496 

•117 

•051446 

■013 

■001968 

•034 

•008273 

•055 

•016911 

•076 

•027289 

•097  1  -039087 

•118 

•052090 

•014 

•002199 

•035 

•008638 

•056 

■017369 

•077 

-027821 

•098 '  -039680 

•119 

•052736 

■015 

•002438 

•036 

■009008 

•057 

•017831 

■078 

■028356 

•099l^040276 

•120 

•053385 

-016 

•002685 

•037 

•009383 

•058 

•018296 

•079 

■028894 

•1 00 ; -040875 

•121 

•054036 

•017 

•00294O 

•038 

•009763 

•059 

•018766 

■080 

•029435 

-101  ,-041476 

122 

•054689 

•018 

•003202 

•039 

•010148 

•060 

•019239 

•081 

•029979 

-102  -042080 

123 

•055345 

•019 

•003471 

•040 

■010537 

•061  [•019716 

•082 

•030526 

'103' -042687 

124 

•056003 

•020 

•003748 

■041 

•010931 

•062-020196 

•083 

■031076 

•104' -043296 

•125 

•056663 

•021 

•004031 

•042 

-01 1330' -063  -020680 

•084  '  -031 629  J  -105  \  -043908 

-126 

•057326 
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illgfat.  Area  SegJ 
i                1 

Hght.  Area  Seg. 

Hght. 

Area  Seg 

Hght. 

Area  Seg. 

Hght. 

Area  Seg. 

Hght. 

Area  Seg, 

•127 

•057991 

•190 

•103900 

•253 

•156149 

•315 

•212011 

•377 

•270951 

•439 

•33 1 850 

•128 

•058658 

•191 

•104685 

•254 

•157019 

•316 

•212940 

•378 

•271920 

•440 

•332843 

•129 

■059327 

-192 

•105472 

-255 

•157890 

•317 

•213871 

•379 

•272890 

•441 

•333836 

•130 

•059999 

•193 

•106261 

•256 

•158762 

•318 

•214802 

•380 

•273861 

•442 

•334829 

•131 

■060672 

•194 

•107051 

•257 

•1 59636 

•319 

•215733 

•381 

•274832 

•443 

•335822 

•13S 

•061348 

•195 

•107842 

•258 

•160510 

•320 

•216666 

•382 

•275803 

•444 

•336816 

•133 

•062026 

•196 

•108636 

•259 

•161386 

•321 

•217599 

•383 

•276775 

•445 

•337810 

•134 

-062707 

•197 

•109430 

•260 

•162263 

•322 

■218533 

•384 

•277748 

•446 

•338804 

-135 

•063389 

•198 

•110226 

•261 

•163140 

•323 

•219468 

•385 

•278721 

•447 

•339798 

•136 

■064074 

•199 

•111024 

•262 

•164019 

•324 

•220404 

•386 

•279694 

•448 

•340793 

•137 

■064760 

•200 

•111823 

•263 

•164899 

•325 

•221340 

•387 

•280668 

•449 

•341787 

•138 

•065449 

•201 

•112624 

•264 

•165780 

•326 

•222277 

•388 

•281642 

•450 

•342782 

•139 

■O66140 

•202 

•113426 

•265 

•166663 

•327 

•223215 

•389 

•282617 

•451 

•343777 

•140 

•066833 

•203 

•114230 

•266 

•167546 

•328 

■224154 

•390 

•283592 

•452 

•344772 

•141 

•067528 

•204 

•115035 

•267 

•168430 

•329 

•225093 

•391 

•284568 

•453 

•345768 

•142 

•068225 

•205 

•115842 

•268 

•169315 

•330 

■226033 

•392 

•285544 

•454 

•346764 

•143 

•068924 

■206 

•116650 

•269 

•170202 

•331 

■226974 

•393 

•286521 

•455 

•347759 

-144  -069625 

•207 

•117460 

•270 

•171089 

•332 

•227915 

•394 

•287498 

•456 

•348755 

•145-070328 

•208 

•118271 

•271 

•171971 

•333 

•228858 

•395 

•288476 

•457 

•349752 

•146-071033 

•209 

•119083 

•272 

•172867 

•334 

•229801 

•396 

•289453 

•458 

•350748 

•147! -071741 

•210 

•119897 

•273 

•173758 

•335 

•230745 

•397 

•290432 

•459 

•351745 

•148 1-072450 

•211 

•120712 

•274 

•174649 

•336 

•231689 

•398 

•291411 

•460 

•352742 

•149  -073161 

•212 

•121529 

•275 

•175542 

•337 

•232634 

•399 

•292390 

•461 

•353739 

•150 

■073874 

■213 

•122347 

•276 

•176435 

•338 

•233580 

•400 

•293369 

•462 

•354736 

•151 

•074589 

•214 

•123167 

•277 

•177330 

•339 

•234526 

•401 

■294349 

•463 

•355732 

•152 

-075306 

•215 

•123988 

•278 

•178225 

•340 

•235473 

•402 

•295330 

•464 

-.3567.30 

•153 

■076026 

•216 

•124810 

•279 

•179122 

•341 

•236421 

•403 

•296311 

•465 

•357727 

•154 

•076747 

•217 

•125634 

•280 

•180019 

•342 

•237369 

•404 

•297292 

•466 

•358725 

•155 

•077469 

•218 

•126459 

•281 

•180918 

•343 

•238318 

•405 

•298273 

•467 

•.359723 

•156 

•078194 

•219 

•127285 

•282 

•181817 

•344 

•239268 

•406 

■299255 

•468 

•360721 

•157 

-078921 

•220 

•128113 

•283 

•182718 

•345 

•240218 

•407 

•300238 

•469 

•361719 

•158 

-079649 

•221 

•128942 

•284 

•183619 

•346 

•241169 

•408 

•301220 

•470 

■362717 

•159 

•080380 

•222 

•129773 

•285 

•184521 

•347 

•242121 

^09 

■302203 

•471 

•363715 

•160 

•081112 

•223 

•130605 

•286 

•185425 

•348 

•243074 

•410 

•303187 

•472 

•364713 

•161 

•081846 

•224 

•131438 

•287 

•186329 

•349 

•244026 

•411 

•304171 

•473 

•365712 

•162 

•082582 

•225 

•132272 

•288 

•187234 

•350 

•244980 

•412 

•305155 

•474 

•366710 

•163 

•083320 

•226 

•133108 

•289 

•188140 

•351 

•245934 

•113 

•306140 

•475 

•367709 

•164 

•084059 

•227 

•133945 

•290 

•189047 

•352 

■246889 

•414 

•307125 

•476 

•368708 

•165 

•084801 

•228 

•134784 

•291 

•189955 

•353 

•247845 

•415 

•308110 

•477 

•369707 

•166 

•085544 

•229 

•135624 

•292 

•190864 

•354 

•248801 

•416 

•309095 

•478 

•370706 

•167 

•086289 

•230 

•136465 

•293 

•191775 

•355 

•249757 

•417 

•310081 

•479 

•371704 

•168 

-087036 

•231 

•137307 

•294 

•192684 

•356 

•250715 

•418 

•311068 

•480 

•372704 

•169 

-087785 

•232 

•138150 

•295 

193596 

•357 

•251673 

•419 

•312054 

•481 

•373703 

•170 

-088535 

•233 

•138995 

•296 

■194509 

•358 

•252631 

•420 

•313041 

•482 

•374702 

•171 

•089287 

•234 

•139841 

•297 

•195422 

•359 

•253590 

•421 

•314029 

•483 

•375702 

•172 

•090041 

•235 

•140688 

•298 

•196337 

•360 

•254550 

•422 

•315016 

•484 

•376702 

•173 

-090797 

•236 

•141537 

•299 

•197252 

•361 

•255510 

•423 

•316004 

•485 

•377701 

•174 

•091554 

•237 

•142387 

•300 

•198168 

•362 

•256471 

•424 

•316992 

•486 

•378701 

•175 

•092313 

•238 

•143238 

•301 

•199085 

•363 

•257433 

•425 

•317981 

•487 

•379700 

•176 

•093074 

•239 

•144091 

•302 

•200003 

•364 

•258395 

•426 

•31 8970 

•488 

•380700 

•177 

•093836 

•240 

•144944 

•303 

•200922 

•365 

•259357 

•427 

•319959 

•489 

•381699 

•178 

•094601 

•241 

•145799 

•304 

•201841 

•366 

•260320 

•428 

•320948 

•490 

•382699 

•179 

•095366 

•242 

•146655 

•305 

■202761 

•367 

•261284 

•429 

•321938 

•491 

•383699 

•180 

•096134 

•243 

•147512 

•306 

•203683 

•368 

•262248 

•490 

•322928 

•492 

•384699 

•181 

•096903 

•244 

•148371 

•307 

•204605 

•S69 

•263213 

•431 

•32391 8 

•493 

•385699 

•182 

•097674 

•245 

•149230 

•308 

•205527 

•370 

•264178 

•432 

•324909 

•494 

•386699 

•183 

•098447 

•246 

•150091 

•309 

•206451 

•371 

•265144 

•433 

•325900 

•495 

•387699 

•184 

•099221 

•247 

•150953 

•310 

•207376 

■372 

•266111 

•434 

•326892 

•496 

•388699 

•185 

•099997 

•248 

•151816 

•311 

•208301 

•373 

•267078 

•435 

•327882 

•497 

•389699 

•186 

•100774 

•249 

•152680 

•312 

•209227 

•374 

•268045 

•436 

•328874 

•498 

•390699 

•187 

•101553 

•250 

•153546 

•313 

•210154 

•375 

■269013 

•437 

•329866 

•499 

•391699 

•188 

•102334 

•251 

•154412 

•314 

•211082 

•376 

•269982 

•438 

•330858 

•500 

•392699 

•189 

'103116 

•252 

•155280 

1 
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1 226.  Problck  XIII.      To  Jind  the  area  of  an  ellipsis. 

Rule.    Multiply  the  longest  and  shortest  mametcr  together,  and  their  product  by  *7854, 
which  will  give  the  area  required.      This  rule  is  founded  on  Theorem  S.  Cor.  2.  in 
Conic  Sections.  (1098,  1100.) 
Example.    Required  the  area  of  an  ellipse  whose  two  axes  are  70  and  5a 

Here  70  x  50  x  -7854 « 2748  9. 

1227.  PaoBLXK  XIV.      7h  Jind  the  area  of  any  dliptie  segment. 

Rule.  Find  the  area  of  a  circular  segment  having  the  same  height  and  the  same 
vertical  axis  or  diameter  ;  then,  as  the  said  vertical  axis  is  to  the  other  axis  (parallel 
to  the  base  of  the  segment),  so  is  the  area  of  the  circular  segment  first  found  to  the 
area  of  the  elliptic  segment  sought.  This  rule  is  founded  on  the  theorem  alluded 
to  in  the  previous  problem.  Or,  divide  the  height  of  the  s^ment  by  the  vertical 
axis  of  the  ellipse ;  and  find  in  the  table  of  circular  segments  append^  to  Prob.  1 2. 
(1224.)  the  circular  segment  which  has  the  above  quotient  for  its  versed  sine  ;  then 
multiply  together  this  segment  and  the  two  axes  of  the  ellipse  for  the  area. 
Example.  Required  the  area  of  an  elliptic  segment  whose  height  is  20,  the  vertical 
axis  being  70,  and  the  parallel  axis  50. 

Here  20  4* 70  ss  •2857142,  the  quotient  or  versed  sine  to  which  in  the 

table  answers  the  segment  '285714. 
Then  '285714  x  70  x  50=648*342,  the  area  required. 

1228.  PaoBLBM  XV.      To  Jind  the  area  of  a  parabola  or  its  segment. 

Rule.    Multiply  the  base  by  the  perpencucular  height,  and  take  two  thirds  of  the  pro- 
duct for  the  area.     This  rule  is  founded  on  the  properties  of  the  curve  already 
described  m  conic  sections,  by  which  it  is  known  that  every  parabola  is  |  of  its 
circumscribing  parallelogram.  (See  1097.) 
Example.     Required  the  area  of  a  parabola  whose  height  is  2  and  its  base  12. 
Here  2  x  12^24,  and  |  of  24a  16  is  the  area  required. 

MENSURATION    OF   SOLIDS. 

1229.  The  measure  of  every  solid  body  b  the  capacity  or  content  of  that  body,  con- 
sidered under  the  threefold  dimensions  of  length,  breadth,  and  thickness,  and  the  measure 
of  a  solid  is  called  its  solidity,  capacity,  or  content.  Solids  are  measured  by  units  which 
are  cubes,  whose  sides  are  inches,  feet,  yards,  &c.  Whence  the  solidity  of  a  body  is 
said  to  be  of  so  many  cubic  inches,  feet,  yards,  &c.  as  will  occupy  its  capacity  or  space, 
or  another  of  equal  magnitude. 

1230.  The  smallest  solid  measure  in  use  with  the  architect  is  the  cubic  inch,  from  which 
other  cubes  are  taken  by  cubing  the  linear  proportions,  thus,  — 

1728  cubic  inches  a  1  cubic  foot ; 
27  cubic  feet  ^  1  cubic  yard. 

1231.  Problem  I.    To  Jind  the  superjicies  of  a  prism. 

Multiply  the  perimeter  df  one  end  of  the  prism  by  its  height,  and  the  product  will  be  the 
surfiuM  of  its  sides.     To  this,  if  wanted,  add  the  area  of  the  two  ends  of  the  prism. 
Or,  compute  the  areas  of  the  sides  and  ends  separately,  and  add  them  together. 
Example  1.     Required  the  surfi^e  of  a  cube  whose  sides  are  20  feet 

Here  we  have  six  sides ;  therefore  20  x  20  x  6  =  2400  feet,  the  area  required. 
Example  2.     Required  the  surfi^e  of  a  triangular  prism  whose  length  is  20  foet  and 
each  side  of  its  end  or  base  18  inches. 
Here  we  have,  for  the  area  of  the  base, 

1  'S^  -  -752  «  (2  -25-  -5625  «  )  1  •6875*  for  the  perpendicular  of  triangle  of 
base; 

and  a/1  '6875  » 1  '299,  which  multiplied  by  1  *5b=  1  '948  gives  the  area  of  the 

two  bases; 
then,  3  X  20  X  1  '5  +  1  '948  =  91  -948  is  the  area  required. 
Example  3.     Required  the  convex  surface  of  a  round  prism  or  cylinder  whose  length 
is  20  feet  and  the  diameter  of  whose  base  is  2  feet. 
Here,  2  x  31416»6'2832, 
and  3*1416  x  20  a  125*664,  the  convex  surfiice  required. 

1232.  Problem  II.     To  Jind  the  surface  of  a  pyramid  or  cone. 

Rule.    MulUply  the  perimeter  of  the  base  by  the  length  of  the  slant  nde,  and  half  the 

product  wUl  be  the  suHace  of  the  sides  or  the  sum  of  the  areas  of  all  the  sides,  or 

of  the  areas  of  the  triangles  whereof  it  consists.     To  this  sum  add  the  area  of  the 

end  or  base. 

Example  I .     Required  the  surfiice  of  the  slant  sides  of  a  triangular  pyramid  whose 

slant  height  is  20  feet  and  each  side  of  the  base  3  feet. 

Here,  20  x  3  (the  perimeter)  x  3-<r2  ==  90  feet^  the  surfi^e  required. 
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Example  2.     Required  the  convex  surface  of  a  cone  or  circular  pyramid  whose  slant 
height  is  50  feet  and  the  diameter  of  its  base  8}  feet. 

Here,  8*5  x  S-1416  x  50 -r  2 »  667*5,  the  convex  surfiice  required. 

1 233.  Problzm  III.  To  find  the  twfaee  of  the  frustum  of  a  pyramid  or  cone,  being  the  lower 
fart  where  the  top  i$  cut  off  by  a  pkme  paraUd  to  the  bate. 

Rule.    Add  together  the  perimeters  of  the  two  ends  and  multiply  their  sum  by  the  slant 
height     One  half  of  the  product  b  the  surface  sought,     lliis  is  manifest,  because 
the  sides  of  the  solid  are  trapezoids,  having  the  opposite  sides  parallel. 
Example  1.     Required  the  sur&cc  of  the  frustum  of  a  square  pyramid  whose  slant 
height  is  10  feet,  each  side  of  the  base  being  3  feet  4  inches  and  each  side  of  the 
top  2  feet  2  inches. 
Here,  3  feet  4  inches  x  4 b  13  feet  4  inches,  and  2  feet  2  inches  x  4 b8  feet  8  inches ; 
and  i3  feet  4  inches  +  8  feet  8  inchessB22.     Then  22-f  2  x  10»  110  feet,  the  sur&ce 
required. 
Example  2.  Required  the  convex  surfece  of  the  frustum  of  a  cone  whose  slant  height 
is  12(  feet  and  the  circumference  of  the  two  ends  6  and  8*4  feet. 
Here,  6  +  8*4al4'4  ;  and  14*4  x  ]2'5-r2Bl80*4-2=90,  the  convex  surfece  required. 

1234.  PaoBLXM  IV.     To  find  the  eolid  content  ofanypriem  or  cylinder. 

Rule.   Find  the  area  of  the  base  according  to  its  figure,  and  multiply  it  by  the  length  of 
the  prism  m  cylinder  for  the  solid  content.     This  rule  is  founded  on  Prop.  99. 
(  Geometry,  980. ).    Let  the  rectangular  parallelopipedon  be  the  solid  to  be  measured, 
the  small  cube  P  (^fig,  51 8. )  being  ^e  measuring  unit,  its  side  being  1  inch,  1  foot,  &c. 
Let  also  the  length  and  breadth  of  the  base  A  BCD, 
and  also  let  the  height  AH,  be  divided  into  spaces  equal 
to  the  side  of  the  base  o£  the  cube  P ;  for  instance,    ^ 
here,  in  the  length  3  and  in  the  breadth  2,  making  3 
tim^  2  or  6  squares  in  the  base  AC  each  equal  to 
the  base  of  the  cube  P.     It  is  manifest  that  the  paral- 
lelopipedon will  contain  the  cube  P  as  many  times  as 
the  base  AC  contains  the  base  of  the  cube,  repeated  as 
often  as  the  height  AH  contains  the  height  of  the  cube. 
Or,  in  other  words,  the  contents  of  a  parallelopipedon 
b  found  by  multiplying  the  area  of  the  base  by  the    ^  R 

altitude  of  the  solid.   And  because  all  prisms  and  cylin-  ng.  5i8. 

ders  are  equal  to  parallelopipedons  of  equal  bases  and 
altitudes,  the  rule  is  general  for  all  such  solids  whatever  the  figure  of  their  base. 

Example  1 .     Required  the  solid  content  of  a  cube  whose  side  is  24  inches. 

Here,  24  x  24  x  24 « 13824  cubic  inches. 

Example  2.    Required  the  soUdity  of  a  triangular  prbm  whose  length  is  10  feet  and 
the  three  sides  of  its  triangular  end  are  3,  4,  and  5  feet. 
Here,  because  (Prop.  32.  Geometry,  907.)  3^  +  4d»5S  it  follows  that  the  angle  con- 

3  y  4 

tained  by  the  sides  3  and  4  is  a  right  angle.  Therefore  -^   x  10=60  cubic  feet, 
the  content  required. 
Example  3.     Required  the  content  of  a  cylinder  whose  length  is  20  feet  and  its 
diameter  5  fieet  6  inches. 

Here,  S'SxSSx  •7854  =  23*75835,  area  of  base; 

and  23*75835  x  20=47*5167,  content  of  cylinder  required. 

1235.  PxoBLXM  V.     To  find  the  content  of  any  pyramid  or  cone. 

Rule.    Find  the  area  of  the  base  and  multiply  that  area  by  the  perpendicular  height. 
One  third  of  the  product  is  the  content.     This  rule  is  founded  on  Prop.  110. 
(Geometry,  991.) 
Example  1.     Required  the  solidity  of  the  square  pyramid,  the  sides  of  whose  base  are 
30^  and  its  perpendicular  height  25. 

Here,  ^^^  x  25=7500,  content  required. 

Example  2.    Required  the  content  of  a  triangular  pyramid  whose   perpendicular 
height  is  30  and  each  side  of  the  base  3. 

Here,  ^=^^'=|=4*5,  half  sum  of  the  sides; 

and  4*5  —  3  =  1*5,  one  of  the  three  equal  rem^unders.   (See  Trigonometry,  1052.) 
but    V4-5  X  1*5  X  1*5  X  1*5  X  30-r3=3*897117  x  10,  or  38-97117,  the    solidity 
required. 
Example  3.   Required  the  content  of  a  pentagonal  pyramid  whose  height  is  1 2  feet 
and  each  side  of  its  base  2  feet. 

Here,  1  -7204774  (tabular  area,  Prob.  6.  1 21 8. )  x  4  (square  of  side) = 6  -881 9096 
area  of  base; 


Then 


668819096 


=  27*5276384,  content  required. 
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Example  4.   Required  the  content  of  a  cone  whose  height  is  10}  feet  and  the  circum- 
ference of  its  base  9  feet. 
Here,  -07958  (Prob.  9.  1221.)  x  81  ^6-44598  area  of  base. 
And  3*5  being  }  of  10^  feet,  6*44598  x  3*5^22 '56093  is  the  content  required. 
1 236.   Problem  VI .      To  Jind  the  Molidity  of  the  frustum  of  a  cone  or  pyramid. 
Add  together  the  areas  of  the  ends  and  the  mean  proportional  between  them.     Then 
taking  one  third  of  that  sum  for  a  mean  area  and  multiplying  it  by  the  per- 
pendicular height  or  length  of  the  frustum,  we  shall  have  its  content.     This  rule 
depends  upon  Prop.  110.  (Geometry,  991.). 
It  may  be  otherwise  expressed  when  the  ends  of  the  frustum  are  circles  or  regular 
polygons.     In  respect  of  the  last,  square  one  side  of  each  polygon,  and  also  multiply  one 
side  by  the  other ;  add  the  three  products  together,  and  multiply  their  sum  by  the  tabular 
area  for  the  polygon.     Take  one  third  of  Uie  product  for  the  mean  area,  which  multiply 
by  the  length,  and  we  liave  the  product  required.     When  the  case  of  the  frustum  of  a  cone 
is  to  be  treated,  the  ends  being  circles,  square  the  diameter  or  the  circumference  at  each 
end,  and  multiply  the  same  two  dimensions  together.     Take  the  sum  of  the  three  pro- 
ducts, and  multiply  it  by  the  proper  tabular  number,  that  is,  by  *7854,  when  the  diameters 
are  used,  and  '07958  when  the  circumferences  are  used,  and,  taking  one  third  of  the  pro- 
duct, multiply  it  by  the  length  for  the  content  required. 

Example  1.  Required  the  content  of  the  frustum  of  a.  pyramid  the  sides  of  whose 
greater  ends  are  15  inches,  and  those  of  the  lesser  ends  6  inches,  and  its  altitude 
24  feet 

Here,  *5  x  *5  » '25,  area  of  the  lesser  end, 

and  1  '25  X  1  -25  »1  '5625,  area  of  the  greater  end : 

The  mean  proportional  therefore  ^"25  x  1  '5625  =  *625. 

^^^^  •i8+-6»fiafi2»_»:|7»,.8i25.  meui  are., 

and  '8125  x  24  (altitude)  » 19*5  feet,  content  required. 
Example  2.     Required  the  content  of  a  conic  frustum  whose  altitude  is  18  feet,  its 
greatest  diameter  8,  and  its  least  diameter  4. 
Here,  64  (area  gr.  diam. )  + 1 6  (less.  diam.  )  +  (8  x4)b112,  sum  of  the  products ; 
and  •78Mx^n2xl8^^gy.yggg^  content  required. 

Example  3.     Required  the  content  of  a  pentagonal  frustum  whose  height  is  5  feet, 

each  side  of  die  base  18  inches,  and  each  side  of  the  upper  end  6  inches. 

Here,  1  '5*  + 1  '5*  +  (1  '5  x  '5)  =  2*5625,  sum  of  the  products ; 

^^^  l-WM774(Ub.area)x256'i.'S(«umofprodacti.)x5^g.3^^^^  ^^^^  ^^.^ 

1 237.  Problem  VII.      To  find  the  surface  of  a  sphere  or  any  segment. 

Rule  1.     Multiply  the  circumference  of  the  sphere  by  its  diameter,  and  the  product  will 
be  the  surface  thereof.     This  and  the  rules  in  the  following  problems  depend  on 
Props.  113.  and  114.  (Geometry,  994,  995.),  to  which  the  reader  is  referred. 
Rule  2.     Square  the  diameter,  and  multiply,  that  square  by  3*1416  for  the  sur&ce. 
Rule  3.     Square  the  circumference,  then  either  multiply  that  square  by  the  decimal 

'3183,  or  divide  it  by  3*1416  for  the  surface. 
Remark.     For  the  surfece  of  a  segment  or  frustum,  multiply  the  whole  circumference 
of  the  sphere  by  the  height  of  the  part  required. 
Example  1 .     Required  the  convex  superficies  of  a  sphere  whose  diameter  is  7  and 
circumference  22. 

Here,  22  x  7  =  154,  the  superficies  required. 
Example  2.     Required  the  superficies  of  a  sphere  whose  diameter  is  24  inches. 

Here,  24  x  24  x  3*1416=  I809'5616  is  the  superficies  required. 
Example  3.     Required  the  convex  superficies  of  a  segment  of  a  sphere  whose  axis  is 
42  inches  and  the  height  of  the  segment  9  inches. 

Here,  1  :  3*1416 ::42  :  131*9472,  the  circumference  of  the  sphere; 
but  131  '9472  x  9  =  1187*5248,  the  superficies  required. 
Example  4.      Required  the  convex  surface  of  a  spherical  zone  whose  breadth  or  height 
is  2  feet  and  which  forms  part  of  a  sphere  whose  diameter  is  12}  feet. 

Here,  1  :  3*1416::  12*5  :  39*27,  the  circumference   of  the  sphere   whereof 

the  xone  is  a  part ; 
and  39*27  x  2=78*54,  the  area  required. 

1238.  Problem  VIII.     To  find  the  solidity  of  a  sphere  or  globe. 

Rule  1.  Multiply  the  surface  by  the  diameter,  and  take  one  sixth  of  the  product  for  the 

content- 
Rule  2.  Take  the  cube  of  the  diameter  and  multiply  it  by  the  decinuil  '5236  for  the 
content. 
Example.     Required  the  content  of  a  sphere  whose  axis  is  1 2. 

Here  12  x  12  <  12  x  -5236  =  904 '7808,  content  required. 
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1939.   P1UIU.IM  IX.      TiJInd  tit  1/Kdity  of  a  tptierical  icgmaU. 

Rule  1.     From  thrice  the  duuneter  of  the  spbere  lubtncE  double  the  height  of  the 
segment,  and  multiply  the  remainder  b;  llie  square  of  Che  height,      lliis  product 
multiplied  b;  -5836  viU  give  tbe  content 
Rule  9.    To  thrice  tbe  tquure  of  the  ruiiua  add  the  square  of  its  height,  multiplf  the 
sum  thus  fbund  by  the  height,  sod  the  product  thereof  hy  -523S  for  Uie  content. 
Example  I.     Requiied  the  solidity  of  s  segment  of  a  apbeie  whose  height  ia  9,  the 
diameter  of  its  base  being  20. 
Here,  3  times  the  square  of  the  radius  of  the  base  =300; 
and  tin  square  of  its  height  ~S1,  and  30O  +  81  — 3B1  ; 

but  381  X  9=3439,  which  multiplied  by  '5336^1795-4344,  the  solidity  requited. 
Example  3.    Required  the  solidity  of  a  spherical  s^ment  vhofie  height  is  S  feet  and 
the  diameter  of  the  sphere  8  feet 

Here,  8  x  3  — 4^  SO,  which  multiplied  by  4  — 80  1 
■nd  SOx  '5336^41-833,  the  solidity  required. 
It  is  manifest  that  the  difference  between  two  segments  in  which  the  soae  of  ■  sphere  is 
Included  will  give  the  solidity  of  the  lone.  That  is,  where  for  instance  the  lone  is  io. 
eluded  in  a  s^ment  lying  above  the  diameter,  litst  consider  the  whole  as  the  segment  of  a 
sphere  terminsled  by  the  vertex  and  find  its  solidity  1  from  which  subtract  the  upper  part 
or  segment  between  the  upper  surface  of  the  zone  and  the  Tertex  of  tbe  sphere,  and  the 
diRetence  is  the  solidity  of  [he  lone. 

The  general  rule  to  find  Che  solidity  of  a  frustum  or  xone  of  a  sphere  is  ;  to  the  sum  of 
tbe  squares  of  the  radii  of  tbe  two  ends  add  one  third  of  the  square  of  their  dittsnce,  or  tbe 
breadth  of  the  lone,  and  this  sum  multiplied  by  the  said  breadtti,  and  that  product  again  by 
1-5708,  is  the  soUdity. 


1940.  It  is  our  intention  in  this  section  to  address  ourselves  to  the  connderation  of 
mechanics  and  sulics  as  applicable  more  immediately  to  architecture.  The  former  is  Ihe 
science  of  forces,  and  the  effects  they  produce  when  applied  to  machines  in  the  motion  of 
bodies.  The  lutter  is  the  science  of  weight,  especially  when  considered  in  a  state  of 
equilibrium. 

1841.  The  centre  of  motion  » 
tbe  fixed  line  about  which  it  mo 

1348.   The  centre  of  gTBYily  is 
It  will  rest  in  any  portion. 

1343.    So  that  weight  and  pc        . 
moved  and  the  body  that  moves  it  or  the  patient  and  agen  _ 

moves  or  endeavours  to  move  the  patient  or  weight  whilst  hy  Ihe  word  equilibrium  is 
meant  an  equality  of  action  or  force  between  two  or  more  powers  or  weights  acting  agajmt 
each  other,  and  which  by  destroying  each  other's  effect*  cause  it  to  remain  at  rest. 
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of  the  weight  of  the  body ;  but  it  mmy  be  easily  imagined  that  the  firat  thread,  by  being  in 
the  direction  AD,  will,  besides  the  weight  itself,  have  to  sustain  the  effort  of  the  power 
that  draws  it  out  of  the  vertical  AB. 

1245.  If  the  direction  of  the  horizontal  force  be  prolonged  till  it  meets  the  vertical, 
which  would  be  in  the  first  thread  if  it  were  not  drawn  away  by  the  second,  we  shall  have 
triangle  ADB,  whose  sides  will  express  the  proportion  of  the  weight  to  the  forces  of  the 
two  threads  in  the  case  of  equilibrium  being  established ;  that  is,  supposing  AB  to  express 
the  weight,  AD  will  express  the  effort  of  the  thread  attached  to  the  point  A,  and  BD  that 
of  the  horizontal  power  which  pulls  the  body  away  from  the  vertical  AB. 

1246.  These  different  forces  may  also  be  found  by  transferring  to  the  vertical  DH 
(^.520.)  any  length  of  line  DP  to  represent  the  weight  of  the  body.  If  from  the  point  F 
the  parallels  FI,  FG  be  drawn  in  the  direction  of  the  threads,  their  forces  will  be  indicated 
by  the  lines  ID,  DO,  so  that  the  three  sides  of  the  triangle  DGF,  similar  to  the  triangle 
ADB,  will  express  the  proportion  of  the  weight  to  the  two  forces  implied  to  the  threads. 

1247.  Suppose  the  weight  to  be  30  lbs. :  if  from  a  scale  of  equal  parts  we  set  up  30 
of  those  parts  from  D  to  F  {fig.  519.),  we  shall  find  DG  equal  to  21,  or  the  pounds  of 
force  of  the  horizontal  line  D£,  and  35  for  the  oblique  power  ID. 

1248.  If  the  weight,  instead  of  SO  lbs.,  were  100,  we  should  find  the  value  of  the 
forces  DG  and  ID  by  the  proportions  of  30  :  21  : :  100  :  x,  where  x  expresses  the  force  DG. 

91  v  100 

The  value  resulting  from  this  proportion  is  x  = — gg—asTO.      The    second    proportion 

SO  :  35::100  :  y, where  y  represents  the  effort  ID,  whose  value  will  be  yn^~^»  116^666. 

1249.  If  the  angle  ADH  formed  bv  AD  and  DH  be  known,  the  same  results  may  be 
obtained  by  taking  DF  for  the  radius,  m  which  case  IF=  DG  becomes  the  tangent,  in  this 
instance,  of  35  degrees,  and  ID  the  secant ;  whence 

DF  :  DI  :  IF::  radius  :  tang.  35  :  sec.  35. 

If  ID  be  taken  for  the  radius,  we  have 

ID  :  IF  :  FD::  radius  :  tang.  35  :  sin.  35. 

1250.  We  have  here  to  observe,  that  in  conducting  the  operation  above  mentioned  a 
figure  DIFG  has  been  formed,  which  is  called  the  parallelogram  of  tlie  forces,  because  the 
diagonal  DF  always  expresses  a  compounded  force,  which  will  place  in  equilibrio 'the  two 
others  FI,  FG,  represented  by  the  two  contiguous  sides  IF,  FG. 

1251.  Instead  of  two  forces  which  draw,  we  may  suppose  two  others  which  act  by  push- 
ing from  £  to  D  {fig.  522.)  and  from  A  to  D.     If  we  take  the  vertical  DF  to  express  the 

weight,  and  we  draw  as  before  the  parallels  FG  and  FI  in  the  b  Q ^ ^. 

direction  of  theforces,  the  sides  GH}  and  DI  of  the  parallelogram  \  |\  T 

DG  FI  {fig,  519.)  will  express  the  forces  with  which  the  powers  \         j  \  { 

act  relatively  to  DF  to  support  the  body:  thus  FI  =  GD  the  \      I    \      ! 

weight  and  two  powers  which  support  it  will,  in  case  of  equi-  \    |       \     • 

librium,  be  represented  by  the  three  sides  of  a  rectangular  tri-  \  !         \  | 

angle  DFI;  so  that  if  the  weight  be   designated  by  H,  the  f|   -..--' \!| 

power  which  pushes  ftovn  G  to  D  by  £,  and  that  which  acts  |  \ 

from  I  to  D  by  P,  we  shall  have  the  proportion  H  :  E  :  P : :  j^ 

DF  :  FI  :  ID,  wherein,  if  we  take  DF  for  radius,  it  will  be  pi£  sm 

as  radius  is  to  the  tangent  of  the  angle  FDI  and  to  its  secant. 

As  a  body  in  suspension  is  drawn  away  from  the  vertical  line  in  which  it  hangs  by  a  power 
higher  than  the  body  {fig,  520.),  it  follows  that  the  oblique  forces  AB  and  BC  each 
support,  independent  of  any  lateral  efforts,  a  part  of  the  weight  of  the  body.  In  order  to 
find  the  proportion  of  these  parts  to  the  total  weight,  take  any  distance  BD  on  a  vertical 
raised  from  the  centre  of  the  body  B  to  express  the  weight,  and  complete  the  parallelo- 
gram DEBF,  whose  sides  £B,  BF  will  express  the  oblique  forces  of  the  powers  A  and 
C.  These  lines,  being  considered  as  the  diagonals  of  the  rectangular  parallelograms  LEIB, 
BHFM,  may  each  be  resolved  into  two  forces,  whereof  one  of  them,  vertical,  sustains  the 
body,  and  the  other,  horizontal,  draws  it  away  from  the  verticals  AO,  CQ^  Hence  IB  will 
express  the  vertical  force,  or  that  part  of  the  weight  sustained  by  the  power  £B,  and  HB 
that  sustained  by  the  other  power  BF:  as  these  two  forces  act  in  the  same  direction, 
when  added  together  their  sum  will  represent  the  weight  DB.  In  short,  IB  being 
equal  to  HD,  it  follows  that  BH+  BI«BI+  ID. 

1252.  As  to  the  horizontal  forces  indicated  by  the  lines  LB  and  BM,  as  they  are  equal 
and  opposite  they  destroy  one  another. 

1253.  It  follows,  ftoTa  what  has  been  said,  that  all  oblique  forces  may  be  resolved  into 
two  others,  one  of  which  shall  be  vertical  and  the  other  horizontal,  by  taking  their  direction 
for  the  diagonal  of  a  rectangular  parallelogram. 

1 254.  In  respect  of  their  ratio  and  value,  those  may  be  easily  found  by  means  of  a  scale 
if  the  diagram  be   drawn  with  accuracy ;   or  by   trigonometry,  if  we  know  the  angles 
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ABD,  DBC,  which  AB  and  BC  form  with  the  vertical  BD,  by  taking  successively  for 
radius  the  diagonals  BD,  BE,  and  BF. 

1255.  In  the  accompanying  diagram,  the  weight,  instead  of  being  suspended  by  strings 
acting  by  tension,  is  sustained  by  forces  which  are  supposed  to 
act  by  pushing.  But  as  thb  arrangement  makes  no  alteration 
in  the  system  of  forces,  we  may  apply  to  this  figure  all  that  has 
been  said  with  respect  to  the  preceding  one.  The  only  differ- 
ence is,  that  the  parallelogram  of  the  forces  is  below  the 
weight  instead  of  being  above  it  Thus  ID+IBbBD  ex- 
presses the  sum  of  the  vertical  forces  which  support  the  weight, 
and  MB  and  BL  the  horizontal  forces  which  counteract  each 
other. 

1956.  In  the  two  preceding  figures  the  direction  of  the  forces 
which  act  by  tension  or  compression  in  supporting  the  weight 
form  an  acute  angle.  In  those  represented  in-^.  521.  and  the 
figure  at  the  side  (524. ),  these  directions  make  an  obtuse  angle ; 
whence  it  follows  that  in  fip.  521.  the  force  C  which  draws  the  weight  out  of  the  vertical 
AG,  instead  of  tending  to  support  the  weight  B,  increases  its 
eflfect  by  its  tendency  to  act  in  the  same  direction.  In  order  to 
ascertain  the  amount  of  this  effect  upon  BD  in  Jiffi.  521.  and 
524.,  which  represents  the  vertical  action  of  the  weight,  describe 
the  parallelogram  BADF,  for  the  purpose  of  determining  the 
oblique  forces  BA,  BF,  and  then  take  these  sides  for  the  diago- 
nals of  the  two  rectangles  LAIB,  BHFM,  whose  sides  BI,  BH 
will  express  the  vertical  forces,  and  LB,  BM  the  horizontal 
ones. 

1257.  It  must  be  observed  that  in  Jig.  521.  the  force  AB 
acting  upwards  renders  its  vertical  effect  greater  than  the  weight 
of  a  quantity  ID,  which  serves  as  a  compensation  to  the  part 
BH,  that  the  other  force  BF  adds  to  the  weight  by  drawing 
downwards.  Similarly,  the  vertical  effect  of  the  force  BE  (^. 
524.)  exceeds  the  expression  BD  of  the  weight  by  a  quantity  DI, 
to  counterpoise  the  effect  BH  of  the  other  power  BF,  which  acts  downwards;  so  that  in 
both  cases  we  have  BD  only  for  the  vertical  effect  of  the  weight.  As  to  the  horizontal 
effects  LB  and  BM,  they  being  equal  and  in  oppo- 
site directions  in  both  figures,  they  counteract  each 
other. 

1 258.  For  the  same  reason  that  a  force  can  be  re- 
solved into  two  others,  those  two  others  may  be  re- 
solved into  one,  by  making  that  one  the  diagonal  of  a 
parallelogram  whose  forces  are  represented  by  two 
contiguous  sides.  It  b  clear,  then,  that  whatever 
the  number  of  forces  which  affect  any  point,  they 
may  be  reduced  into  a  single  one.  It  is  only  neces> 
sary  to  discover  the  results  of  the  forces  two  by  two 
and  to  combine  these  results  similarly  two  by  two, 
till  we  come  to  the  principal  ones,  which  may  be  ul- 
timately reduced  to  one,  as  we  have  seen  above.  By 
such  a  process  we  shall  find  that  PY  i^ff.  525.)  is 
the  result  of  the  forces  PA,  PB,  PC,  PD,  which 
affect  the  point  P. 

1259.  This  method  of  resolving  forces  is  often  of  great  utility  in  the  science  of  building, 
for  the  purpose  of  providing  a  force  to  resist  several  others  acting  in  different  directions  but 
meeting  in  one  point. 
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OF   THE    FaOPXKTIKS   OP   THE    LKVKR. 

1  2(jO.  The  lever  is  an  inflexible  rod,  bar,  or  beam  serving  to  raise  weights,  whilst  it  is 
supported  at  a  point  by  a  /uZtnim,  or  prop,  which  is  the  centre  of  motion.  To  render  the 
demonstrations  relative  to  it  easier  and  simpler,  it  is  supposed  to  be  void  of  gravity  or 
weight.  The  different  positions  in  which  the  power  applied  to  it,  and  the  weight  to  be 
affected,  may  be  applied  in  respect  of  the  fulcrum,  have  given  rise  to  the  distinction  of 
three  sorts  of  levers. 

I.  That  represented  in^.  526.,  in  which  the  fulcrum  O  is  between  the  power  applied 
P  and  the  weight  Q. 

II.  That  represented  in^^.  527.,  in  which  the  weight  Q.  is  placed  between  the  fulcrum 
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O  and  the  power  P,  wherein  it  is  to-  be  remarked  that  the  weight  and  the  power  act  in 
contrary  directions. 
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III.  That  represented  in  Jig.  528.,  wlierein  the.  power  P  is  placed  between  the  weight 
and  the  fulcrum,  in  which  case  the  power  and  the  weight  act  in  contrary  directions. 

1261.  In  considering  tlic  fulcrum  of  these  three  sorts  of  levers  as  a  third  species  of 
power  introduced  for  creating  an  equilibrium  between  the  others,  we  must  notice,  1st, 
That  in  which  the  directions  of  the 

weight  and  of  the   powers  concur  ^ 

in  the   point   R   (Jig.  529.).       2d, 
That  in  which  they  are  parallel. 

1262.  In  the  first  case,  if  from 
the  point  R  (Jig:  529.  and  530.) 
we  draw  parallel  to  these  directions 
Om  Ri«,  the  ratio  of  these  three 
forces,  that  is,  the  power,  the  weight, 
and  the  fulcrum,  will  be  as  the  three 
sides  of  the  triangle  OmR,  or  its 
equal  On  R;  thus  we  shall  have  P 

:  Q:  R::mR  :  Rn  :  OR;  and  as 
the  sides  of  a  triangle  are  as  the 
sines  of  their  opposite  angles,  by 
taking  OR  as  the  radius  we  shall  have 

P  :  Q::sin.  ORn  :  sin,  ORw. 

And  if  from  the  point  O  two  perpendiculars  be  let  fall,  OdOfr  on  the  directions  RQ,  RP, 

Sin.  ORn  :  sin.  ORmliOd  :  O/; 

from  which  two  proportions  we  obtain 

P  :  Q: :  Orf  :  O/;  whence  P  x  0/=  Q  x  Orf. 

This  last  expression  gives  equal  products,  which  are  called  the  momenta,  moments,  or  quan- 
tities of  motion  of  the  force  in  respect  of  the  fulcrum  O.  This  property  is  the  same  for  the 
straight  as  for  the  angular  levers  (figs.  529.  and  530.).  As  this  proportion  exists,  however 
large  the  angles  mRO  and  ORn  of  the  directions  RQ*  RP  in  respect  to  RO,  it  follows  that 
when  it  becomes  nothing,  these  directions  become  parallel  without  the  proportion  being 
changed ;  whence  is  derived  the  following  general  theorem,  found  in  all  works  on  mechanics  : 
—  ff  two  forces  applird  to  a  straight  or  angular  lever  are  in  eqmUbrio,  theg  are  in  an  inverse 
ratio  to'  the  perpendiculars  let  fall  from  the  fulcrum  on  their  lines  of  direction ;  or  in  other  words, 
Jn  order  that  two  forces  apj^ied  to  a  straight  or  angular  lever  may  be  in  equUibrio,  their  momenta 
in  respect  of  the  fulcrum  must  be  equal. 

1 263.  Since,  in  order  to  place  the  lever  in  equilibrio,  it  is  sufficient  to  obtain  equal  mo- 
menta, it  follows  that  if  we  could  go  on  increasing  or  diminisliing  the  force,  we  might  place 
it  at  any  distance  we  please  from  the  fulcrum,  or  load  it  without  destroying  the  equilibrium. 
This    results    from   the   formula    P  x  0/=  Q  x  Od, 

whence  we  have  0/=  ^  p— .     Hence  the  distMice  Of 

is  easily  found,  to  which  by  applying  the  known  force 
P,  it  may  counterpoise  the  weight  Q,  applied  at  the 
distance  Od.  In  respect  of  the  other  points,  we  have 
only  to  know  the  perpendiculars  O/'and  Od,  for  Oa  and 
Ob,  which  are  the  arms  of  the  real  levers,  are  deduced 
from  the  triangles  Ofb,  Oda,  to  which  they  belong. 

1264.  Suppose  two  levers  (y!^«.  531,  532.),  whereof 
A     B     c  n  E  ^ 
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one  is  straight  and  the  other  anguUv,  and  that  the  weight  Q.  is  100  pounds,  the  arm  D£  of 
the  lever  6  feet ;  its  momentum  will  be  600.  Then  if  we  wish  to  ascertain  at  what  distance 
Ojfa  weight  of  60  pounds  must  be  placed  so  that  it  may  be  in  equilibrio  with  the  first,  we 
shall  have 

0/»S^«y » 10  feet,  the  distance  sought 

1 265.  Reciprocally,  to  find  the  effect  of  a  force  P  placed  at  the  point  C  of  the  other  ami 
of  the  lever  at  a  known  distance  from  the  fulcrum,  and  marked  Of,  in  order  to  counter- 
poise Q.  placed  at  the  distance  O^  we  have  the  formula  P  =  ^^S^  i  and  if  we  apply  this 

formula  to  the  numbers  taken  in  the  preceding  example,  the  question  will  be,  to  find  a 
force  which  placed  at  the  distance  of  10  feet  from  the  fulcrum  may  be  in  equilibrio  with  a 
weight  of  100  pounds  at  the  end  of  the  arm  of  a  lever  of  6  feet  We  must  in  using  the 
formula  divide  600  by  10,  and  the  quotient  60  will  indicate  the  effect  with  which  the  force 
ought  to  act  I^  instead  of  placing  it  in  C,  it  is  at  B,  1 2  feet  from  the  fulcrum,  the  force 
would  be  ^,  which  gives  50 ;  and  lastly,  if  we  have  to  place  it  at  a  point  1 5  feet  from  the 
fulcrum,  the  force  would  be  ^=3  40.  Hius,  in  changing  the  situation  of  the  force  to  a 
point  more  or  less  distant  from  the  fulcrum,  we  must  divide  the  momentum  of  the  weight 
which  is  to  be  supported  by  the  distance  from  the  fulcrum  taken  perpendicularly  to  its 
direction. 

or   THB   CKKTRK   OF   GRAVITT. 

1366.  The  centre  of  gravity  of  a  body  is  a  certain  point  within  it  on  which  the  body,  if 
freely  suspended,  will  rest  in  any  position  ;  whilst  in  other  positions  it  will  descend  to  the 
lowest  place  to  which  it  can  get  Not  only  do  whole  bodies  tend  by  their  weight  to  assume  a 
vertical  direction,  but  also  all  the  parts  whereof  they  consist ;  so  that  if  we  suspend  any  body, 
whatever  be  its  form,  by  means  of  a  string,  it  will  assume  such  a  position  that  the  threaid 
produced  to  the  internal  part  of  the  body  will  form  an  axis  round  which  all  the  parts  will 
remain  in  equilibrium.  Every  time  that  the  point  of  suspension  of  a  body  is  changed,  the 
direction  of  the  thread  produced  exhibits  a  new  axis  of  equilibrium.  But  it  is  to  be  re- 
marked, that  all  these  axes  intersect  each  other  in  the  same  point  situate  in  the  centre  of  the 
mass  of  the  body,  supposing  it  composed  of  homogeneous  parts  but  sometimes  out  of  the 
mass  of  the  body,  as  in  the  case  of  bodies  much  curved,  this  point  is  the  centre  of  gravity. 

1 267.  It  is  therefore  easy  to  perceive  that  for  a  body  to  be  in  a  state  of  rest  its  centre  of 
gravity  must  be  supported  by  a  vertical  force  equal  to  the  resultant  of  all  the  forces  tliat 
affect  it,  but  acting  in  a  contrary  direction.  So  in^s.  520.  and  523.,  the  weight  supported 
by  the  forces  AB  and  BC  which  draw  or  push,  will  be  equally  supported  by  a  vertical 
force  represented  by  the  diagonal  DB  of  the  parallelogram  which  expresses  the  resultant  of 
the  forces. 

1 268.  An  acquaintance  with  the  method  of  finding  centres  of  gravity  is  indispensable  in 
estimating  the  resistances,  stnuns,  and  degree  of  stability  of  any  part  of  an  edifice.  There 
arise  cases  in  which  we  may  cast  aside  all  consideration  of  the  form  of  a  body,  especially 
too  when  it  acts  by  weight,  and  suppose  the  whole  figure  collected  in  the  centre  of  gravity. 
We  may  also,  for  the  sake  of  simplifying  operations,  substitute  a  force  for  a  weight 

OF  THK    CBNTRK   OF   GRAVmr   OF   UNES. 

1269.  A  straight  line  may  be  conceived  to  be  composed  of  an  infinite  number  of  points, 
equally  heavy,  ranged  in  the  same  direction.  After  this  definition,  it  is  evident  that  if  it 
be  suspended  by'  the  middle,  the  two  parts,  being  composed  of  the  same  number  of  equal 
points  placed  at  equal  distances  from  the  point  of  suspension,  will  be  necessarily  in  equi- 
librium ;  whence  it  follows  that  the  centre  of  gravity  of  a  right  line  is  in  the  middle  of  its 
length. 

1 270.  The  points  in  a  curve  line  not  being  in  the  same  direction,  the  centre  of  its  volume 
cannot  be  the  same  as  its  centre  of  gravity ;  that  Is  to  say,  that  a  curve  suspended  by  the 
middle  cannot  be  supported  in  equilibrio  but  in  two  opposite  situations ;  one  when  the 
branches  of  the  curve  are  downwards,  and  the  other  when 
they  are  upwards,  so  that  the  curve  may  be  in  a  vertical 
plane. 

1271.  If  the  curve  is  the  arc  of  a  circle  ADB  (/^r.  533.), 
it  is  easy  to  see  that  from  the  uniformity  of  its  curvature,  its 
centre  of  gravity  will  be  found  in  the  right  line  DC  drawn 
from  the  centre  C  to  the  middle  D  ;  moreover,  if  we  draw 
the  chord  AB,  the  centre  of  gravity  will  be  found  between 
the  points  D  and  £. 

1278.  Let  us  suppose  that  through  all  the  points  of  the  line  DE  parallels  to  the  chord 
AB  be  drawn,  tenmnated  on  each  side  by  the  curve ;  and  let  us  imagine  that  each  of  these 

Cc 
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lines  at  ita  ettremitio  bein  correspooding  poinU  of  the  ourre  ;  thm  the  line  DE  will  be 
loaded  with  nil  these  ireighta ;  and  aa  the  portioD*  of  the  euire  which  anawer  to  each 
parallel  AB  go  on  increasing  as  they  approach  D,  the  centre  of  gnviiy  C  will  be  Dearer 
the  point  U  than  to  the  point  E. 

1879.' To  determine  tbe  position  of  this  point  upon  the  radius  CD  which  divide*  the  are 
into  two  equal  parts,  we  must  use  the  fallawing  proportion  ;  the  length  of  the  arc  ABU  is  to 
tlve  chord  AB,  as  the  radius  CD  is  to  Che  fourth  term  x,  whose  value  is  -^^q^-  That  is, 
in  order  to  obtain  upon  tbe  radius  DC  the  distance  CG  oF  the  centre  of  gravitif  from 
the  centre  of  the  arc  of  the  circle,  the  chord  AB  must  be  multiplied  by  the  radius  CD  and 


me  with  all  entire  and  symmetrical  curves  which  have  a  ce 
i  of  right  lines  which  fc>nn  regular  and  symmetrical  polygon& 


1275.   In  order  that  a  centra  of  gravity  n 
»se  of  lines,  imagine  them  to  be  material, 
leavy  particles. 
1ST6.   In  all  plane  smooth  Euriiuiea.  the  centre  of  gra- 
■  f,  vlty  is  tlie  same  as  that  of  the  volume 

of  space ;  thus  the  centre  of  grsrity 
G  (/si.  SM,  535,  S36,),  of  a  square 
of  a  rectangle,  or  of  a  parallelogram, 
is  detcrmiiwd  by  the  intersections  of 
its  diagonals  AD,  BC 
y  The  centre  of  gravity  of  a  regu- 
lar polygon,  composed  of  an  equal 
""■  ***■  or  unequal    number  of  sides,  is  the 

same  as  that  of  a  circle  within  which   it  may  be  in< 
scribed. 

1277.  In  order  to  find  the  centre  of  gravity  of  any 
triangle,  bineet  each  of  the  sides,  and  from  the  points 
of  biseetian  draw   lines  to    the   opposite   angles ;    the    , 

point  of  intersection  with  each  other  of  these  lines  will  ,„  at.  n.  sat. 

be  the  centra  of  gravity  sought ;  for  in  the  aupponi-  "■  "»■ 

tion  that  tbe  Bur&ce  of  the  triangle  iscompoaeduf  lines  parallel  to  its  sides,  the  lines  AE, 
BE,  and  CD  OIj.  537.)  will  be  the  axes  of  equilibrium,  whose  intersection  at  G  gives 
the    centre     of     gravity. 
We    shall  moreover    And  D 

that  this  paint  is  at  one 
third  of  the  distance  from 
the  base  of  each  of  the 
aiea  ;  so  that,  in  bet,  it  is 
only  necessary  to  draw  ■ 

line  irom  tbe  point  of  bi-  ° 

section  of  one  of  the  sides 
to  the  opposite  angle,  and 

equal  parta,  whereof  that 

nearest  tbe  base  determinea    , 

the   centre   of  gravity  of  „,.»„.  -,j^ 

the  triangle. 

127S.  To  find  the  centre  of  gravity  of  any  insular  rectilinear  surfiw*,  tuch  a*  the 
pentagon,/?.  538.,  let  it  he  divided  into  the  three  triangles,  AED,  ABC,  ADC '/p.  538.), 
and  by  the  preceding  rule  determine  their  centres  of  gravity  F,  G,  H.  Then  draw  the 
two  lines  NO,  OP,  which  form  a  right  angle  surrounding  the  polygon.  Multiply  tbe 
ares  of  each  triangle  by  the  distance  of  its  centre  of  gravity  on  the  line  ON,  indicated  by 
F/,  Gf,  HA,  and  divide  the  sum  of  these  products  by  tbe  entire  area  of  the  pentagon,  and 
this  will  give  a  mean  distance  through  which  an  indefinite  line  IK  parallel  to  ON  is  to  be 
drawn.  Conducting  a  similar  operation  in  respect  of  the  line  OP,  we  obtain  a  new  mean 
distance  for  drawing  another  line  LO  parallel  to  OF,  which  will  intersect  tbe  first  in  the 
point  M,  tbe  centre  of  gravity  of  the  pentagon. 

J""*  f<"'^  t|f  gravity  of  a  sector  of  a  circle  AEBC  (Jig.  539.)  must  be  upon  the  radius 
CE  which  divides  the  arc  into  two  equal  parts.      To  determine  from  the  centre  C,  at 
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what  diatuice  tbe  pamt  O  ii  to  be  placed,  ire  miwt  mullipl;  twice  the  ndiiu  CE  by  the 
chord  AB,  end  dl*ide  the  product  by  Ihrice  the  length  of  the  arc  AEB.  The  quotient 
is  the  distance  CG  horn  the  centre  C  oFthe  circle  of  ttw  centre  of  gravity  of  the  >eetoT. 

1379.   To  find  (be  centre  of  ^ 

gra'ily  of  the  crown  portion  of 
■D  arch  DAEBF  (fig.  540.^ 
corapriaed  between  two  ctmcen- 


1.   Findtbe  centre  of  gravity  ' 
of  the  greater  sector  AEBC, 
and    that  of  the    imailer   one 
DFG. 

3.    Multiply  the  area  of  each  rittas.  Fu.sio 

of  these  secton  by  the  distance 
of  their  respeetire  eentrea  of  grsyity  from  the  common  centre  C. 

3.    Subtract  the  amaller  product  from  the  greater,  and  ^*idc  tbe  remainder  by  the  nrca 
of  DAEBFi   the  quotient  will  give  the  distance  of  the  centre  of  gravity  G  from  the 

ISSa   Todetermine  thecentreofgraTlty  of  the  segment  AEB;  subtract  tlie  product  of 
the  ares  of  the  triangle  ABC  (jffr.  j41.}  multiplied  by  the  distance  of  ila  centre  of  gravity 
frtHD  the  centre  C,  from  the  product  of  the  area  of  the  sector, 
by  the  distance  of  its  centre  of  gravity  frota  the  same  point  C»  E 

prcaaes  the  distance  of  the  centre  of  gravity  G  of  the  segment         ^^~  "S^"""'^^ 
&Dm  the  centre  C  which  is  to  be  wt  out  on  the  radius,  and     *  i^fca^a^j = -ii. ^afc  B 
which  divides  the  segment  into  two  equal  perls.  "'■■-.,  ,.--'' 

It  would,  from  want  of  space,  be  inconvenient  to  give  theitrict  'f' 

demoostnitions  of  the  above  rules  ;  nor,  indeed.  Is  it  ohsolutely  p^  ^|. 

nee  t  wry  for  the  architectural  student.      Those  who  wish  to 

punue  the  subject  ov  /ondj  will,  of  coune,  consult  more  abstruse  works  on  the  irwtterp 
We  will  merely  observe,  that  whatever  the  figure  whose  centre  of  gravity  is  sought,  it 
IS  only  necessary  to  divide  it  into  triangles,  secton,  or  segmeDts,  and  proceed  as  above 
described  fbr  the  pentagon,  jl;.  536. 


1981.  It  is  supposed  in  the  following  eonsidentions,  that  solids  are  composed  of  homo- 
geneous particle*  whose  weight  in  every  part  is  uniform.  They  are  here  arranged  under 
two  beads,  i^ular  and  irregular. 

198S;  Regular  solids  are  considered  as  composed  of  elements  of  the  same  figure  as  their 
bue,  placed  one  upon  the  other,  so  that  all  th«r  centres  of  gravity  are  in  a  vertical  line, 
which  we  shall  call  the  right  axis.  Thus  parollelopipeds,  prisms,  cylinders,  pyramids, 
oones,  conoids,  spheres,  and  spheroids  have  a  right  aiis,  whereon  their  centre  of  gravity  is 

llfSS,  In  parallelopipeds,  prisms,  cylinders,  spheres,  sp 
io  tbe  middle  of  the  right  axis,  because  of  tbe  similar: 
equall;  distant  from  that  point. 

1284.  In  pyramids  and  cones  (figt.  54S,  543.),  which  diminish  gradually  from  the  baw 
to  the  apex,  ^e  centre  of  gravity  is  at 

the  distance  of  one  fourth  of  tbe  axis  * 

from  the  base- 

1285.  In  paraboloids,  which  diminiih 
lew  on  account  of  their  curvature,  the 
centre  of  giavity  is  st  the  height  of  ana 
third  the  aiia  above  the  base. 

To  find  the  centre  of  a  pyramid  or  of 
■  truncated  cone  (Jij:  542,  543.),  we 
must  flist  multiply  the  cube  of  the  entire 
cone  or  pyramid  by  the  distance  of  its 
eentre  of  gravity  firom  the  vortex.  S.  , 
Subtract  from  this  product  thai  of  the 
part  M3R  which  is  cut  off,  by  the  dis- 
tance of  its  centre  of  gravity  from  the 
apex.     3.    Divide  this  rem«nder  by  the 

cube  of  the  truncoted  pyramid  or  cone ;  •'  '■ 

tbe  quotient  will  be  the  distance  of  tbe  centre  of  gravity  G  of  the  part  of  the  truncated 
cone  or  pyramid  from  its  apei. 

Cc  2 
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if  gnTily  of  M  hemiiphere  ii  st  the  distance  of  three  eightha  of  the 

■phere  0^.544.) 
he  ladiui  len  the 


ISB6.   Tbo  ce 
ndius  froni  the 

1887.  The  wntr*  of  gravity  of  the  B^men 
u  fbund  by  the  fbllowing  proportion  :  u  th 
thickneM  of  the  legments  is  to  the  diametei 

thickncB  of  the  Mgiaent,  so  ia  that  thicknen  to  ■  tburtta  teim  which 
eiprenKs  the  di>titic«  fVom  the  tertei  la  the  centre  of  gnvity, 

1388.  Tfaiu,    making    r^    the  nulius,    (-the   thicklKH 
■egment,  and  !•>  the  diatODCe  Bought,  we  have,  according  to  La 
Caille,— 

3r— *  :  2r — ^'.'.c  '.  't   whence  '=^f_^f' 
Suppose  the  radiui  to  be  7  feet,  the  thickneaa  of  the  aegoient  3  fiM,  we  ■) 
'~^~lt'T^K*'  •'''=''  B****  '"'  +W"'  +fi,  equal  the  dists 
of  the  centre  of  grarity  fVom  it*  vertei  on  the  radius. 

1389.  Tofind  the  centre  of  gravity  of  the  lone  of  a  sphere  C/fjr.  545.> 
operation  is  gone  through  as  for  truncated  cones  and  pyramids ;  that 
ts,  after  having  found  the  centre  of  gravity  of  the  segment  cut  off,  and 
that  in  which  the  zone  is  comprised,  multiply  the  cube  of  each  by 
the  distance  of  its  centre  of  gravity  from  the  apci  A,  and  subtract- 
ing the  smaller  ^m  the  Larger  product,  divide  the  remainder  by  the 
cube  of  the  lone.  Thus,  supposing,  as  betbre,  the  radius  AC  — 7,  t!ie 
Ihicknesi  of  the  tone  —2,  and  that  of  the  segment  cut  ofT  —  1^  we 
shall  find  the  distance  from  the  vertex  of  the  centre  of  gravity  of 
this  last  by  the  formula  x  —  «X— t) '  which  in  this  case  gives  x  = 
*'''*(iT— 'iTr'^'  "^  puniuing  the  investigation,  we  have  i—J^ 
which  will  be  the  distance  of  the  centre  of  gravity  from  the  vertex  A.  That  of  the  centre 
of  gravity  of  the  segment  in  which  the  tone  is  comprised  wQl,  according  to  the  some  for- 
mula, be  '— ^^'^^fj^l^''  *hich  gives  x-=S  +  y  for  the  distance  of  the  centre  of  gravity 
from  the  same  point  A. 

I  £90.  The  methods  of  Anding  the  solidities  of  the  bodies  involved  in  the  above  inves- 
tigation are  to  be  fbund  in  the  preceding  section,  on  Mensuration. 


1391.  A«  all  species  of  solids,  whatever  theur  Ibnn.  are  niweptible  of  diviiion  into 
pyramids,  at  ire  have  seen  in  the  preceding  observations,  it  follows  that  their  centre*  at 
gravity  may  be  found  by  following  out  the  inslruo- 
lion*  already  given.  loatead  of  two  tines  at  right 
angle*  to  each  other,  let  u*  suppose  two  vertical 
planes  NACCEFC/jf.  516.),  between  which  the  solid 
G  i*  placed.  Carrying  to  each  of  those  planes  the 
momenta  of  their  pyramids,  that  is,  the  products  of 
their  solidity,  and  the  distances  of  their  centres  of 
gravity,  divide  the  sum  of  these  products  for  each 
plane  by  the  whole  solidity  of  the  body,  the  quotient 
will  expre**  the  distance  of  two  other  planes  BKL, 
DHM,  panllcl  to  those  first  named.  Their  inter- 
section will  give  a  line  IP,  or  an  aiis  of  equilibrium, 

upon  which  the  centre  of  gravity  of  the  solid  will  ^'*'  "'^' 

be  liMind.      To  determine  the  point  G,  imagine  a  third  plane  NOP  perpendicular  to  the  pre- 
ceding ones,  that  is,  borisontal ;  upon  which  let  the  solid  t>e  supposed  U     '      '       ' 
of  this  plane  let  the  momoita  of  the  pyramids  be 
found  by  also  multiplying  their  Aolidity  by  the  dis- 
tance of  their  centre*  of  gravity.      I.astly,  dividing 
the  sum  of  these  products  by  the  solidity  of  the  en- 
tire body,  the  quotient  gives  on  the  axis  the  dis. 
tance    PG  of  this   third   plane    from  the  cenlr 
gravity  of  the  irregular  solid. 

Mechanically,  where  two  of  the  sur&ccs  of  a  body 
are  parallel,  the  mode  of  finding  the  centre  of  gravity 
is  aimple.      Thus,  if  the  body  be  hung  up  by  at 
point   A  (j^i.  54T.  548.).  and  a  plumb  line  AB  be 
suspended  from  the  same  point,  it  will  pass  through 
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lire  ii  not  in  the  loveBt  puint  till  it  (M  in  Ihe  plumb 
hen  livig  the  body  up  b;  any  other  point  D,  irith  ■ 
plumb  line  DE,  irhich  will  also  pui  through  the  centre  of  grmiity,  for  tbe  sune  reitson  u 
before.      Therefore  the  centre  of  gravity  will  be  at  C.  where  tbe  lines  cross  each  other. 

1393.  We  hare,  perhaps,  pursued  this  lubjeet  a  Utde  further  than  its  practical  utility  in 
architecture  renders  necessary  ;  but  cues  may  occur  in  which  the  itudent  will  find  our  ex- 
tended observatioiu  of  service. 


1S9S.  That  a  solid  may  remain  in  a  perfect  state  of  rest,  the  plane  on  which  it  standi 
must  be  perpendicular  lo  the  direction  of  its  grarity  ;  that  is,  level  or  horizontal,  and  the  ver- 
tical let  Gill  frum  iu  centre  of  gravity  must  not  fall  out  of  its  base. 

1994.    When  the  plane  is  not  horiiontal,''9alids  placed  on  it  lend  to  slide  down  or  to 

1S95.  As  the  sur&ces  of  bodies  are  more  or  less  rough,  when  the  direction  al  the  centre 
of  gravity  does  not  &11  without  tbeirbase,  they  slide  down  a  plane  in  proportion  to  their 

129G.  Tlius  a  cube  of  hard  freestone,  whose  surfaces  are  nicely  wrought,  doea  not  slide 
down  a  plane  whose  inclination  is  less  than  thirty  degrees ;  and  with  polished  marbles  the 
inclination  is  not  more  than  fifteen  d^rees. 

1297.  When  a  solid  is  placed  on  an  inclined  plane,  if  the  direction  of  the  centre  of 
gravity  falls  without  its  base,  it  overturns  if  Its  surfiieea  are  right  sur&ces,  and  if  its  sur&ce 
IS  eonvei  It  rolls  down  the  planer 

1S9H.  A  body  with  plane  lur&ces  may  remain  at  rest  after  having  once  overturned  if  the 
surlace  upon  which  it  falls  is  sufficiently  eltendcd  to  prevent  its  centre  of  gravity  falling 

]  299.  Solids  whooe  sur&ces  are  curved  can  only  stand  upon  a  perfectly  horizontal  plane, 
becauBe  one  of  the  species,  as  the  spbere,  rcsis  only  on  a  point,  and  the  other,  as  cylindera 
and  cones,  upon  a  line  j  so  that  for  their  continuing  at  rest,  ll  is  necessary  Ihat  the  vertical 
let  &11  from  their  centre  of  gravity  should  pass  through  the  point  of  contact  with  and  be 
perpendicular  to  the  plane.  Hence,  the  moment  the  plane  ceases  to  be  horiiontal  the 
direction  of  the  centre  of  gravity  falls  out  of  the  point  or  line  of  contact  which  serves  as  the 
b«se  of  the  solid,  and  the  body  will  begin  to  roll ;  and  when  the  plane  on  which  they  thus 
roll  is  of  any  extent  they  roll  with  an  accelerated  velocity,  equal  to  that  which  they  would 
acquire  in  lalling  directly  from  the  vertical  height  of  the  inclined  plane  from  the  point 
whence  they  first  began  to  roll. 

1 300.  To  find  the  finve  which  is  necessary  to  support  a  contei  body  upon  an  inoliiwd 
plane,  we  must  consider  the  point  o(  contact  P  0^''  ^^^  550.)  as  the  fulcrum  of  an  an- 
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gular  lever,  whose  arms  are  expressed  by  tbe  perpendiculars  drawn  from  the  fiilcrum  to  the 
direction  of  the  force  CPand  the  weight  CD,  which  in  the  case  ofj^.  549.,  where  the  force 
which  draws  the  body  is  parallel  to  the  plane, 

P;  N;;FC:  FD. 

Now  as  the  rectangular  triangle  CFD  is  always  similar  to  the  triangle  OSH,  which  fi>rms 
the  pLine  inclined  by  the  vertical  SO  and  the  horizontal  line  OH,  the  proportion  will  stand 
as  follows :  — 

P:  N:;OS:SH. 

In  the  liRt  case,  to  obtain  an  equilibrium,  tin  force  mut  btUUt  maglit  of  tiu  body  at  Ikt 
hrtght  OSoflhtimdiiHdjAauorbtiUlatgtli  SH. 

IWI.    In  the  ease  where  the  force  is  horizontal  ^fy.  550.)  we  havci  similarly, — 

P:  N::FA :  fd, 
and  P:  N::OS:  OH. 
In  th!a  last  case,  then,  ikt  forte  nnitt  bt  to  tit  lotigil  of  IM  loHd  in  prtiporHoa  lo  Iht  hright 
Cc  3 
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OS  of  the  inclined  plane  to  it*  base  OH.  In  the  first  case  the  pressure  of  the  solid  <m  the 
plane  is  expressed  by  OH,  and  in  the  second  by  SH  :  hence  we  have  — 

P:  N:  F::OS:  SH  :  OH, 
and  P  :  N  :  F::OS  :  SH  :  OH. 

In  the  first  case  it  must  be  observed,  that  the  effect  of  the  force  being  parallel  to  the  in- 
clined plane,  it  neither  increases  nor  diminishes  the  pressure  upon  that  plane ;  and  this  is 
the  most  &vourable  case  for  keeping  a  body  in  equilibrio  on  an  inclined  plane.  In  the 
second  case,  the  direction  forming  an  acute  angle  with  the  plane  uselessly  augments  the 
load  or  weight.  Whilst  the  direction  of  the  force  forms  an  obtuse  angle  with  the  in> 
clination  of  the  plane,  by  sustaining  a  portion  of  the  weight,  it  diminishes  the  load  on  the 
plane,  but  requires  a  greater  force. 

1302.  The  force  necessary  to  sustain  upon  an  inclined  plane  a  body  whose  base  is 
formed  by  a  plane  surface  depends,  as  we  have  already  observed,  on  the  roughness  of  the 
sur&ces,  as  well  of  the  inclined  plane  as  of  the  base  of  the  body ;  and  it  is  only  to  be  dis- 
covered by  experiments. 

1 303.  Of  all  the  means  that  have  been  employed  to  estinuite  the  value  of  the  resistance, 
known  under  the  name  of  friction,  the  simplest,  and  that  which  seems  to  give  the  truest 
results,  is  to  consider  the  inclination  of  the  plane  upon  which  a  body,  the  direction  of  whose 
centre  of  gravity  does  not  fidl  out  of  the  base,  remains  in  equilibrio,  as  a  horizontal  plane ; 
after  which  the  degrees  of  inclination  may  begin  to  be  reckoned,  by  which  we  find  that  a 
body  which  does  not  begin  to  slide  till  the  plane's  inclination  exceeds  SO  degrees,  being 
placed  on  an  inclined  plane  of  45,  will  not  require  a  greater  force  to  sustain  it  than  a 
convex  body  of  the  same  weight  on  an  inclined  plane  of  15  degrees. 

1 304.  All  that  has  been  said  on  the  force  necessary  to  retain  a  body  upon  an  inclined  plane, 
is  applicable  to  solids  supported  by  two  planes,  considering  that  the  second  acts  as  a  force 
to  counterpoise  the  first,  in  a  direction  perpendicular  to  the  second  plane. 

1305.  When  the  directions  of  three  forces,  PG,  QG,  GR,  meet  in  the  same  point  G 
(^Jig,  551.),  it  follows,  from  the  preceding  observations  on  the  parallelogram  of  forces,  that 
to  be  in  equilibrium  their  proportion  will  be  ex- 
pressed by  the  three  sides  of  a  triangle  formed  by 
perpendiculars  to  their  directions ;  whence  it  follows, 
that  if  through  the  centre  of  gravity  G  of  a  solid, 
supported  by  two  planes  or  by  some  other  point  of 
its  vertical  direction,  lines  be  drawn  perpendicular  to 
the  directions  of  the  forces,  if  equilibrium  exist,  so  will 
the  following  proportion,  viz.   P  :  Q  :  R::BA  :  BC 

:  AC. 

1306.  Lastly,  considering  that  in  all  sorts  of  tri- 
angles the  sides  will  between  each  other  be  as  the  sines 
of  their  opposite  angles,  we  shall  have  P  :  Q, :  R :  :sin. 
BCA  :  sin.  B  AC  :  sin.  ABC ;  and  as  the  angle  BC  A  is  ^-  **'• 

equal  to  the  angle  CAD,  and  CBA  to  BAE,  we  shall  have  P  :  Q  :  R::  sin.  CAD  : 
sin.  B  AC  :  sin.  BA  E  ;  that  is,  that  the  weight  is  represented  by  the  sine  of  the  angle  formed 
by  the  two  inclined  planes,  and  that  the  pressures  upon  each  of  these  planes  are  reci- 
procally proportional  to  the  sines  of  the  angles  which  they  form  with  the  horizon. 


THE    WHXXL    AND    AXLX. 

1307.  The  wheel  and  axle,  sometimes  called  the  axis  in  peritrochio,  is  a  ma- 
chine consisting  of  a  cylinder  C  and  a  wheel  B  (Jiff,  552,)  having  the  same  axis,  at 
the  two  extremities  of  which  are  pivots  on  which  the  wheel 
turns.  The  power  b  applied  at  the  circumference  of  the 
wheel,  generally  in  the  Erection  of  a  tangent  by  means  of 
a  cord  wrapped  about  the  cylinder  in  order  to  overcome  the 
resistance  or  elevate  the  weight.  Here  the  cord  by  which  the 
power  P  acts  is  applied  at  the  circumference  of  the  wheel,  while 
that  of  the  weight  W  is  applied  round  the  axle  or  another 
small  wheel  attached  to  the  Urger,  and  having  the  same  axis  or 
centre  C.  Hius  BA  is  a  lever  moveable  about  the  point  C, 
the  power  P  always  acting  at  the  distance  BC,  and  the  weight 
W  at  the  distance  CA.  Therefore  P  :  W::CA  :  CB.  That 
is,  the  weight  and  power  will  be  in  equilibrio  when  the  power 
P  is  to  the  weight  W  reciprocally  as  the  radii  of  tlie  circles 
where  they  act,  or  as  the  radius  of  the  axle  CA,  where  the 
weight  hangs,  to  the  radius  of  the  wheel  CB,  where  the  power  »_  ^t 

acts;  or,  as  before,  P  :  W::CA  :  CB. 

1308.  If  the  wheel  be  put  in  motion,  the  spaces  moved  througli  being  as  the  circum- 
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feteneo,  or  a  tbe  nulii,  the  velacitj  of  W  will  be  to  the  relooitr  of  P  u  CA  to  CB  )  IhM 
ii,  tbe  weight  ii  moTcd  m  much  ilowei  u  it  ii  heiTier  than  the  power.  Hence,  whet  i» 
geioed  ID  power  u  loM  in  time :  ■  property  common  to  nuchina  uiit  enginei  of  CTery  ciuc 

1309.  If  the  power  do  not  act  at  right  wngln  to  the  radius  CB,  but  obliquely,  draw 
CD  popcndicular  to  the  direction  of  the  power,  then,  from  the  nature  of  the   lever, 

P:  W;:CA;CD. 

1310.  It  ii  to  tbe  tneehameal  power  of  the  wheel  and  sile  that  belong  all  turning  or 
wheel  maehioca  of  difibrent  radii;  thus,  in  the  roller  turning  on  the  aiii  oi  ipindle 
CE  0»ff.  553.)  by  the  hiudle  CBD,  the  power 
applied  at  B  i>  to  the  wrigbt  W  on  the  roller,  as 
the  radiui  of  the  roller  U  to  the  rodiui  CB  of  the 
hancUe.  The  tame  rule  applies  to 
i:apiitf"»,  -iriniHintrt.  &c.  ;  tbe  power  always  being  ^ 
to  the  weight  as  is  tbe  ndiut  or  lecer  at  which 
the  weight  acts  to  that  at  which  the  power  acta; 
■D  that  they  are  always  Ln  the  reciprocal  r 
of  their  velocities.  To  the  same  principle  are 
nAmble  tbe  gimlet  and  auger  for  boring  holes. 

1311.  The  above  observations  imply  that  the 
cords  vustaimcg  the  weights  are  of  do  sensible 
thickneas.      If  tbey  are  of  coniiderable  thiekoes,  f^  ^^ 
ST  if  there  be  Hveral  tblda  of  them  over  one  an- 
other on  the  roller  or  barrel,  we  must  measure  to  the  middle  of  the  outermost  rope  fur 
the  radius  of  the  roller,  or  to  the  radius  of  the  roller  mu<t  be  added  half  the  thickness  of  the 
eord  where  there  is  but  one  fold. 

1313.  The  wheel  and  axle  possesses  condderablc  advantages  in  point  of  convenience 
over  tbe  simple  lever.  A  weight  can  be  raised  but  a  little  way  by  a  simple  lever,  whereas 
by  the  continued  turning  of  tbe  wheel  and  aile  a  weight  may  be  raised  to  any  height  and 
from  any  depth. 

1313.  By  increasing  the  number  of  wheels,  moreover,  the  power  may  be  inereoaed  to  any 
extent,  making  the  less  always 

turn  greater  wheels,  by  means 
of  what  is  called  tootA  imd  pinion 
work,  wherein  the  teeth  of  one 
circumference  work  in  tbe 
rounds  or  pinions  of  another  to 

of  on  equilibrium,  the  power  is 

to   the  w^ght  aa  tbe  continual 

product  of  the  radii  of  all  the 

oiles  to  that   of  all  the  wheels. 

So  if  the  power  P  (.fy.  554.) 

turn  tbe  wheel  Q,  and  this  turn 

tbe  small  wheel  or  aile  B,  and 

this  turn  the  wheel  8,  and  Ihi* 

turn  the  oile  T,  and  this  turn 

tbe  wheel  V,  and  this  turn  the 

aile  X,  which  raises  the  weight  , 

W  :   then  P  ;  W : ;  CB  .  DE  . 

FG:AC.BD.EF.     And  la  '*;***■ 

the  same  proportion  is  the  velocity  of  W  slower  than  that  of  P.      Thai,  If  each  wheel 

be  to  its  aile  ag  10  to  1,  then  P  :  W::]i  :  lO',  or  as  1    to  1000.      Hence  a  power  of  one 

pound  will  balance  a  weight  of  1000  pounds;  but  when  put  In  motion,  the  power  will 

move  1000  times  faster  than  the  weight. 

1314.  We  do  not  think  it  necessary  to  give  eiamplc*  of  the  different  machines  for  raising 
weighta  used  in  the  construction  of  buildings :  they  are  not  many,  and  will  be  hereafter 
named  and  described. 


1315.  A  pulley  is  a  small  wheel,  usually  mode  of  wood  or  bran,  turning  about  a  metal 
aiia,  and  enclosed  in  a  fi»me,  or  case,  cslled  its  Uool,  which  admits  of  a  rope  to  pass  freely 
over  the  circumference  of  the  pulley,  wherein  there  is  usually  ■  concave  groove  to  prevent 
the  rope  slipping  out  of  its  place.  The  pulley  is  said  to  be  fixed  or  moveable  as  its  block 
ia  fixed  or  rises  and  falls  with  the  weight.  An  assemblage  of  several  pulleys  is  called  ■ 
system  of  pulleys,  of  which  some  are  in  a  fixed  block  and  the  rest  in  a  moveable  one. 

13I&   If  a  power  sustun  a  weight  by  meana  of  a  fixed  pulley,  tbe  power  and  weight  are 


392 


THEORY  OF  ARCHITECTURE. 


Book  II. 


equAl     For  if  through  the  centre  C  iJig»  SSS.)  of  the  pulley  we  draw  the  horiiontal 
diameter  AB ;  then  will  A  B  represent  a  lever  of  the  first  kind,  its 
prop  heing  the  fixed  centre  C,  from  which  the  points  A  and  B,  where 
the  power 'and  weight  act,  being  equally  distant,  the  power  P  is  conse- 
quently equal  to  the  weight  W. 

1317.  Hence,  if  the  pulley  be  put  in  motion,  the  power  P  will  de- 
scend as  iast  as  the  weight  W  ascends :  so  that  the  power  is  not  in- 
creased by  the  use  of  the  fixed  pulley,  even  though  the  rope  go  over 
several  of  them.  It  is,  nevertheless,  of  great  service  in  the  raising  of 
weights,  both  by  changing  the  direction  of  the  force,  for  the  convenience 
of  acting,  and  by  enabling  a  person  to  raise  a  weight  to  any  height 
without  moving  from  his  pUce,  and  also  by  permitting  a  great  num- 
ber of  persons  to  exert,  at  the  same  time,  their  force  on  the  rope  at  P, 
which  they  could  not  do  to  the  weight  itself,  as  is  evident  in  raising  the 
weight,  or  monkey,  as  it  is  called,  of  a  pile-driver,  also  on  many  other  oc- 
casions. 

1318.  When  a  pulley  is  moveable  the  power  necessary  to  sustain  a  Pif.ftfis. 
weight  is  equal  to  the  half  of  such  weight.     For  in  this  case  AB  {fyf.  SSG.")  may  be  con- 
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Fig.  557. 


sidered  as  a  lever  of  the  second  kind,  the  weight  being  at  C,  the  power  acting  at  A,  and 
the  prop  or  fixed  point  at  B.  Then,  because  P:  W::CB  :  AB  and  CB»AB.  we 
haveP«4Wor  W«2P. 

1319.  From  which  it  is  manifest  that  when  the  pulley  is  put  in  mo- 
tion the  velocity  of  the  power  b  double  that  of  the  weight,  inasmuch 
as  the  point  P  descends  twice  as  fi»t  as  the  point  C  and  the  weight  W 
rises.  ^  It  is,  moreover,  evident  that  the  fixed  pulley  F  makes  no  differ- 
ence in  the  point  P,  but  merely  changes  tlie  motion  of  it  in  an  op- 
posite direction. 

1320.  We  may  hence  ascertain  the  effect  of  a  combination  or  system 
of  any  number  of  fixed  and  moveable  pulleys,  and  we  shall  thereby  find 
that  every  cord  going  over  a  moveable  pulley  doubles  the  powers,  for 
each  end  of  the  rope  bears  an  equal  share  of  the  weight,  whilst  each  rope 
fixed  to  a  pulley  only  increases  the  power  by  unity.  In  Jig.  557, 
P«iW,  and  in  fg.  558.,  P«i»«!!L+«±«' 


OP  THX    WXDGX. 

1321.  Tlie  wedge  is  a  body  in  the  form  of  a  half 
rectangular  prism,  in  practice  usually  of  wood  or 
mctaL  AF  or  BG  {Jig,  559.)  is  the  breadth  of 
its  back,  C£  its  height,  CG,  CB  its  sides,  and  its 
end,  GBC,  is  the  terminating  sur&ce  of  two  equally 
inclined  planes  GCE,  BCE. 

1322.  When  a  wedge  is  in  equilibrio,  the  power 
acting  on  the  back  is  to  the  force  acting  at  right 
angles  to  either  side  as  the  breadth  of  the  back 
AB  (Jig.  560.)  is  to  the  length  of  the  side  AC  or 
BC.  For  three  forces  which  sustain  each  other  in 
equilibrio  are  as  the  corresponding  sides  of  a  tri- 
angle drawn  perpendicular  to  the  directions  in  which 
they  act.     But  AB  is  perpendicular  to  the  force 
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acting  on  the  bock  to  drive  the  vedge  forward,  and  the  udea  AC,  BC  are  perpendicular 
to  the  Ibreea  acting  an  them,  the  three  forces  are  therefore  ai  AB,  AC,  BC.  Thus,  the 
force  on  Ibe  back,  its  effect  perpendicularly  to  AC,  and  its  effect  parallel  to  AB,  are  aa 
the  three  lines  AB,  AC  and  DC,  wbleh  are  perpendicular  to  tliem.  Hence  the  thinner 
the  wedge  the  neater  it*  effect  to  split  any  body  or  (o  oTerconie  a  reuatanee  agunst  tbe 
udea  of  the  wedge. 

1393.  We  are,  bowerer,  to  recollect  that  the  resialance  or  the  forces  in  question  aie 
relatiTG  to  one  ride  only  of  ttie  wedge  ;  for  if  thoie  againit  bolh  udes  are  to  be  reckoned, 
we  an  take  only  half  the  back  AD,  or  el«  <re  must  lake  double  the  line  AC  or  DC.  In 
the  wedge  the  friction  is  very  great,  and  at  least  equal  to  the  force  to  be  OTercome,  inas- 
much as  it  retains  any  poiition  to  which  it  b  driven,  whence  the  resistance  is  doubled  by 
tlie  friction.  But  on  the  other  hand,  the  wedge  baa  coniiderablc  advantage  over  all  the 
other  powers,  because  of  the  force  of  the  blow  with  which  the  back  is  struck,  a  force  vastly 
greater  than  the  dead  weight  oi  pressure  employed  in  other  macbines.  On  this  account  it 
is  capable  of  producing  effects  vastly  superior  to  those  of  any  other  power,  such  as  splitting 
rocks,  raising  the  largest  and  heaviest  bodies  by  the  simple  blow  of  a  mallet ;  objects  which 
could  never  be  accampliihed  by  auy  simple  pressure  whereof  in  practice  application  could 

1B34.  The  screw  is  a  cord  wound  in  a  spiral  direction  round  the  periphery  of  a  cylinder, 
and  is  therefore  a  species  of  inclined  plane,  whose  length  is  to  it*  height  as  the  circumfer- 
ence of  tbe  cylinder  is  to  tbe  distance  between  two  consecutive  threads  of  tbe  screw. 
It  is  one  of  the  six  mechanical  powers  used  in  presnng  or  squealing  bodies  close,  and  ii 
occasionally  used  in  raising  weights. 

1335.  The  screw,  then,  being  an  inclined  plane  or  half  wedge,  the  force  of  a  power 
applied  in  turning  it  round  is  to  the  force  with  which  it  presses  upwards  or  downwards, 
without  estimating  friction,  as  the  distance  between  two  threads  i>  to  the  circumference 
where  tbe  power  is  applied.  For  considering  it  as  an  inclined  plane  whose  height  is  tbe 
distance  between  two  thieadsi  and  its  base  the  circumference  of  the  screw  ;  the  force  in  the 
boriiODtal  direction  being  to  that  in  the  vertical  one  as  the  lines  perpendicular  to  them, 
uaniely.  as  the  hdgbt  of  tbe  plane  or  distance  between  two  threads,  is  to  the  base  of  the 
plane  or  circumference  of  the  screw  ;  the  power,  therefore,  is  to  the  pressure  as  tbe  distance 
of  two  threads  is  to  tlie  circumference.  But  in  tbe  application  of  the  screw  a  handle  or 
lever  is  used,  by  means  whereof  the  gain  in  power  is  increased  in  the  proportion  of  the 
radius  of  the  screw  to  the  radius  of  the  power,  that  is.  the  length  of  the  handle,  or  as  their 
circumferenees.  Consequently  the  power  is  to  tbe  pressure  ss  tbe  distance  of  the  threads 
is  to  tbe  circumference  described  by  the  power.  The  screw  being  put  in  motion,  tbe  power 
is  then  to  the  weight  which  would  keep  it  in  equilibrioas  the  velocity  of  the  latter  is  to  that 
of  the  former ;  and  hence  their  momenta  are  equal,  and  produced  by  multiplying  each  weight 
or  power  by  its  own  velocity. 

I3ae.  liius  it  is  a  general  property  of  all  the  meebanieal  powars,  that  the  momentum  of 
a  power  is  equal  to  tlut  of  the  weight  which  would  keep  it  in  eqtiilibrio,  or  that  each  of 
tbem  is  proportional  to  its  velocity. 

1337.  From  tbe  foregoing  observations,  we  may  be  eamlyled  to  compute  the  force  exerted 
bj  any  machine  wboae  action  is  exerted  through  the  means 

ef  the  screw.      In  Jig.  561.,  representing  a  press  driven 

by  a  screw  whose  threads  are  each  one  quarter  of  an  inch 

apart,  let  it  be  turned  by  a  handle  or  lever  4  feet  long  from 

A  to  B.      'Dien  suppoung  tbe  natural  force  of  a  man,  by 

which  he  can  lift,  pull,  or  draw,  to  be  1 50  pounds,  and  that 

it  be  required  to  ascertain  with  what  force  the  screw  will 

preis  on  the  board  at  D  when  the  man  turns  with  his 

whole  force  the  handle  at  A  and  B  ;  we  have  AB,  the  dia- 

Itketer  of  tbe  power,  4  feet  or  4B  inches  ;  its  circumference, 

therefore,  4S  xS*1416,  or  150j  nearly  ;  and  the  dixlance  of     , 

the  threads  being  one  quarter  c£  an  inch,  the  power  Is  to    Q 

the  presure  as  1  to  eoaj.      But  the  power  is  equal  to  150  y^,  mi. 

pounds  ;  therefore,  as  1  :  603J : :  1 50  :  90480.  and  tbe  pres- 

ntre  therefore  st  D  is  equal  to  a  weight  of  9Q4S0  pounds,  independent  of  friction. 

1338.  In  tbe  endless  screw  AB  (Jfg.  569.),  turned  by  a  handle  AC  of  90  inches  rtuUus, 
the  threads  of  the  screw  are  at  a  disUnce  of  half  an  inch  ^  and  the  screw  turns  s  toothed 
wheel  E  whose  pinicm  L  acts  in  turning  upon  another  wheel  F,  and  tbe  pinion  M  of  this 
last  wheel  acts  upon  a  third  wheel  G,  to  the  pinion  or  barrel  whereof  is  hung  the  weight  W. 
If  we  would  know  what  weight  can  be  lused  through  tbe  means  of  this  combination  by  a 
man  working  the  handle  C,  supposing  the  diameters  of  the  wheels  to  be  18  inches,  and 
those  of  Ibe  pinions  and  barrel  2  inches,  tbe  teeth  and  pinions  being  all  similar  in  siie;    we 
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have  !0x9-1416<(S-IS5-664,  the  ciKumferencc  of    " 
the   power;    end  l3S'6ei  to  ),  or    MI -»38   to  I,  U     ' 
tlw  force  of  the  >crev  (Jane.   Agun,  tS  :  S  or  9  :  I< 
Imng  the  proportion  of  the  vheeli  to  the  pinion*,  and 
there  being  three  of  them.  9>  :  t  or  VS9  :  1    ij  the 
power  gained  by  the  vheeU. 

13S9,  Conuquently  Sjl '3S8  x  7S9<o  I,  or  ISaSlRJ 
to  I  newly,  ii  the  ratio  of  the  power  to  the  weight 
■riling  from  the  joint  adTantage  of  the  Krew  and  the 
wheel*.  The  power,  however,  is  1 50  poundi  i  Ihere- 
fbre  ISO  II  IgSSlSlor  ST48S7IG  pounda  ia  the  weight 
the  man  can  niatun,  equal  to  13309  ton*. 

1330.  It  muii  be  obKrved,  that  the  power  has  to 
orercome  not  only  the  weight,  but  at  the  lame  time 
the  friction  undergone  by  the  icrew,  which  in  aome 
caaei  ia  eo  great  a*  to  he  equal  lo  ^  weight  itself; 
fbi  it  is  lometinie*  sufflcient  to  sustain  the  weight 
irtien  the  power  ii  taken  off 


1331.  Though  in  a  preceding  page  we  hare  sligfatljr 
touched  on  the  eftect  of  friction,  it  is  to  lie  kept 
in  mind  that  the  (bregoing  ohaerralions  and  rules 
haie  aBumed  the  mechaninl  powers  to  be  without 
weight  and  friction.  Tbia  is  far  from  Ihe  fact ;  and, 
however  theoretically  true  nil  that  has  hitherto  been 
adTanced,  lery  great  allowances  must  be  made  in 
practice  when  power  i«  applied  to  mechanical  purposes,  in  which  a  great  portion  of  their 
e&ect  is  lost  by  iHction,  inertia,  Ac.  The  word  friction,  properly  meaning  the  act  of 
one  body  rubbing  on  mother,  is  in  mechanics  used  to  denote  the  degree  of  retardatian  or 
obstruction  to  moUon  which  arises  from  one  surfsce  rubbing  agunst  another.  A  heavy 
body  placed  upon  another  is  not  in  a  state  of  equilibriuin  between  all  the  forces  which  act 
upon  it,  otherwise  it  could  he  moved  b;  the  applicaiioa  of  the  smallest  force  in  a  direction 
parallel  to  the  plane.  This  want  of  equilibrium  results  from  unbalanced  force  occasioned 
by  the  friction  on  a  level  surfiice.  Now  if  a  new  force  of  equal  magnitude  be  applied  to 
counterpoise  such  unbalanced  force,  the  body  will  obey  the  smallest  impulse  in  such  direc- 
tion, and  the  force  thus  employed  will  exactly  measure  the  retarding  force  of  friction.  It 
has  been  well  observed,  that  friction  destroys,  but  never  generates  motion ;  being  therna  un- 
like gravity  or  the  other  forces,  which,  though  they  may  retard  motion  in  one  direction, 
always  accelerate  it  in  the  opposite.  Thus  the  law  of  friction  violates  the  law  of  con- 
tinuity, and  caniut  he  accurately  eipressed  by  any  geometrical  line,  nor  by  any  algebnuc 
formula.  The  author  (Play&ir,  OntSiKf  o/  Natarai  PUIoti^y)  Just  quoted,  continue*  : 
"  Though  firiction  destroys  motion  and  generates  none,  it  is  of  eoentisl  use  in  mechanics. 
It  is  the  cause  of  stability  in  the  structure  of  machines,  and  it  is  necessary  to  the  eiertion 
of  the  force  of  aiumals.  A  nail  or  screw  or  a  bolt  could  give  no  6niine«  to  the  parts  of  a 
machine,  or  of  any  other  structure,  without  fi-ictioo.  Animals  couldnot  walk,oreiert  their 
fbrce  anyhow,  without  Ihe  support  which  it  aflbrds.  Nothing  could  have  any  stability,  but 
in  the  lowest  possible  situation ;  and  sn  arch,  which  could  sustain  the  greatest  load  when 
properly  distributed,  might  be  thrown  down  by  the  weight  of  a  single  ounce,  if  not  placed 
with  mathematical  eiactneas  at  the  very  point  which  it  ought  to  occupy." 

n33.    Many  authors  have  applied  themselves  to  the  suhject  of  friction,  but  the  most  sitis- 
fikctory  results  have  attended  the  investigations  of  the  celeb        '  " 
to  practical  mechanic* ;  and  it  is  to  that  author  we  are  indi 


Oak  agunst  oak      -   ^.^^  —  friction  in  parts  of  the  weight. 
Oak  against  Rr  -     -  ^^^ditto. 


When  oak  rubbed  upon  oak,  and  the  lur&ces  in  contact  were  reduced  to  the  onalleat  poa- 
aible  dimensions,  the  friction  was  ^  J,g,  j^. 
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ISSS.  When  the  friction  was  across  the  grain,  or  at  right  angles  to  the  direction  of  the 

fibres,  oak  against  oak  was  ^g.     Hie  ratios  above  given  are  constant  quantities,  and  not 

dependent  upon  the  velocities,  excepting  in  the  case  of  elm,  when  the  pressures  are  very 
small,  for  then  the  friction  is  sensibly  increased  by  the  velocity. 

1334.  (II. )  Friction  is  found  to  increase  with  the  time  of  contact  It  was  ascertained  that 
when  wood  moved  upon  wood  in  the  direction  of  the  fibres,  the  friction  gradually  increased, 
and  reached  its  maximum  in  8  or  10  seconds.  'When  across  the  grain  of  the  wood,  it  took 
a  longer  time  to  reach  its  maximum. 

1335.  (Ill- )  For  illustration  of  the  friction  of  metals  upon  metals  after  a  certain  time  of 
rest,  the  subjoined  experiments  were  made  with  two  flat  rulers  of  iron,  4  feet  long  and  2 
inches  wide,  attached  to  the  fixed  plank  of  the  apparatus  used  for  the  investigation.  Four 
other  rulers,  two  of  iron  and  two  of  brass,  15  inches  long  and  18  lines  wide,  were  also  used. 
The  angles  of  each  of  the  rulers  were  roimded  off,  and  the  rubbing  surfiioes  of  the  rulers 
were  45  square  inches. 

With  iron  upon  iron  and  a  pressure  of  53  lbs.,  the  friction  in  parts  of  the  pressure  was  ^i^. 

—  —  453  lbs.,  —  —  jr^- 

With  iron  upon  brass  and  a  pressure  of  52  lbs.,  the  friction  in  parts  of  the  pressure  was  j^* 

_  _  452  lbs.,  _  _  _L. 

4-1 

1336.  In  these  experiments  each  set  gives  nearly  the  same  result,  though  the  second 
pressures  are  nearly  nine  times  the  first ;  from  which  we  learn  that,  in  metals,  firiction  is  in- 
dependent of  the  extent  of  the  rubbing  surfuces.  Coulomb,  moreover,  found  that  the  friction 
is  independent  of  the  velocities.  The  ratio  of  4  to  1  between  the  pressure  of  firiction,  in 
the  ease  <^  iron  moving  upon  brass.  Lb  cmly  to  be  considered  accurate  when  the  surfiices  are 
new  and  very  large.  When  they  are  very  small  the  ratio  varies  from  4  to  1  to  6  to  1 ;  but 
this  last  ratio  is  not  reached  unless  the  firiction  has  been  continued  more  than  an  hour,  when 
the  iron  and  brass  have  taken  the  highest  polish  whereof  they  are  susceptible,  free  of  all 
scratches. 

1 337.  IV.  In  the  friction  of  oak  upon  oak,  when  greased  with  tallow,  which  was  renewed 
at  every  experiment,  some  days  were  required  for  obtaining,  when  the  surfaces  were  consi« 
dcnrable,  the  maximum  of  friction  or  adhesion.  It  was  nearly  similar  to  that  without  gprease, 
sometimes  rather  greater.  For  iron  or  copper  with  tallow,  during  rest,  the  increase  is  not 
so  considerable  as  with  oak.  At  first  the  friction  was  i^  of  the  weight,  besides  a  small  force 
of  a  pound  for  every  30  square  inches  independent  of  the  weight  The  firiction  after  some 
time  changes  to  -^  or  j.  Olive  oil  alters  the  conditio/i  of  the  firiction  to  y  and  old  soft  grease 
to  about  L 

1 338.  V.  In  the  case  of  friction  of  bodies,  oak  upon  otfk  for  instance,  in  motion  in  the 
direction  of  its  fibres,  the  firiction  was  nearly  constant  in  all  degrees  of  velocity,  though  with 
large  sur&ces  it  appeared  to  increase  with  the  velocities ;  but  when  the  touching  surfitces 
were  very  small  compared  with  the  pressures,  the  friction  diminished  or  the  velocities  in- 
creased.    For  a  pressure  of  100  to  4000  pounds  on  a  square  foot,  the  firiction  is  about  ^gt 

besides  for  each  square  foot  a  renstance  of  1 }  pounds,  exclusive  of  pressure  increasing  a 
little  with  the  velocity,  occasioned  perhaps  by  a  down  on  the  sur&ce.  If  the  surface  be 
very  small  the  friction  is  lessened.    When  the  narrow  surfiice  was  cross-grained,  the  firiction 

was  invariably  -^     In  the  case  of  oak  on  fir,  the  friction  was  JL ;  of  fir  on  fir,  | ;  of  elm  on 

elm,  -^but  varying  according  to  the  extent  of  surfi^e ;  for  iron  or  copper  on  wood,-^  which 
was  at  first  doubled  by  increasing  the  velocity  to  a  foot  in  a  second,  but  on  a  continuance 

of  the  operation  for  some  hours  it  again  diminished.    For  iron  on  iron,  — - ;  on  copper,  ^  ; 

after  long  attrition,  |  in  all  velocities.  Upon  the  whole,  in  the  case  of  most  machines,  |  of 
the  pressure  may  be  considered  a  fiiir  estimate  of  the  friction. 

1 339.  In  the  experiments  to  ascertain  the  friction  of  axles,  Coulomb  used  a  simple  pulley, 
where  the  friction  of  the  axis  and  that  of  the  rigidity  of  the  rope  produce  a  joint  resistance. 

With  guaiacum  moving  upon  iron,  the  friction  was  ^^  or  g:^  of  the  weight  in  all  velocities, 

exclusive  of  the  rigidity  of  the  rope ;   the  mean  was  X.,  or,  with  a  small  weight,  a  little 

greater.    In  the  cases  of  axles  of  iron  on  copper,  -ff  or  ^p^  the  velocity  is  small ;  the  friction 

being  always  somewhat  less  than  fi>r  plane  surfiMses.     With  grease,  the  firiction  was  about 

s:^.     With  an  axis  of  green  oak  or  elm,  and  a  pulley  of  guaiacum,  the  friction  with  tallow 

was  ^ ;  without,  -ff ;  with  a  pulley  of  elm,  the  quantities  in  question  became  ^  and  ^  An 
axis  of  box  with  a  pulley  of  guaiacum  gave  ^  and  X ;  with  an  elm  pulley,  ^  and  j^  An 
axis  of  iron  and  a  pulley  of  guaiacum  gave,  with  tiulow,  j^     The  velocity  had  but  small 
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effect  on  the  rigidity  of  ropes,  except  in  slightly  increasing  the  resistance  when  the  pressure 
vas  small. 

1340.  The  friction  and  rigidity  of  ropes  was  supposed  by  Amontons  and  Desaguliers  to 
▼ary  as  the  diameter  as  the  curvature  and  as  the  tension.  By  Coulomb  the  power  of  the 
diameter  expressing  the  rigidity  was  found  generally  to  be  1  '7  or  1  *8,  never  less  than  1  *4» 
and  that  a  constant  quantity  must  be  supposed  as  added  to  the  weight.  Wet  ropes,  if  small, 
are  more  flexible  than  such  as  are  dry,  and  tarred  ones  stifTer  by  about  one  sixth,  and  in 
cold  weather  somewhat  more.  After  rest,  the  stifihess  of  ropes  increases.  A  rope  of  three 
strands,  each  having  two  yams  1 21  lines  in  circumference,  whose  weight  was  1 25  grains, 
being  bent  upon  an  axis  4  inches  in  duuneter,  required  a  constant  force  of  one  pound  (  French) 

and     ,   of  the  weight  to  overcome  its  rigidity.     The  same  rope  tarred,  required  one  fifth 

of  a  pound  and  one  fiftieth  of  the  weight.     When  the  strands  were  of  fine  yarns,  the  cir> 
cumference  20  lines,  and  the  weight  347  grains,  the  rigidity  was  equal  to  half  a  pound  and 

r  of  the  weight  to  move  it  With  strands  of  10  yarns,  and  a  circumference  of  28  lines, 
and  a  weight  <^  680  grains  to  6  inches,  the  rigidity  of  the  untarred  rope  was  2  lbs.  and 
-J|-  of  the  weight,  and  the  tarred  rope  of  3*3  lbs.  and  -^  of  the  weight  Experi- 
ments which  confirmed  the  above  were  made  on  a  roller  moving  on  a  horizontal  plane, 
while  a  rope  was  coiled  completely  round  it,  whence  an  allowance  must  be  made  fi>r  the 
friction  of  the  roller  on  the  plane,  which  varies  as  its  weight  and  inversely  as  its  diameter. 
With  a  roller  of  guaiacum  or  lignum  vitae,  3*6  inches  in  diameter,  moving  on  oak,  it  was  i^ 
of  the  weight ;  for  a  roller  of  elm,  {  more. 

1341.  This  subject  has,  we  conceive,  been  pursued  as  fiu*  as  is  necessary  for  the  architect ; 
seeing  that  his  further  investigation  of  it,  should  necessity  arise,  may  be  accomplished  by 
reference  to  the  works  of  Amontons,  Bulfinger,  Parent,  Euler,  Bossut,  and  Coulomb, 
upon  whom  we  have  drawn  for  the  infonnation  here  given.  We  shall  therefore  con- 
clude these  remarks  by  subjoining  some  of  the  practical  results  which  experiments  on 
animal  power  afford,  extracted  from  the  celebrated  Dr.  Thomas  Young's  Natural  PhiloaO' 
pkjff  vol.  iL 

1 342.  In  comparing  the  values  of  the  force  of  moving  powers,  it  is  usual  to  assume  an 
unit,  which  is  considered  as  the  mean  effect  of  the  labour  of  an  active  num  working  to  the 
greatest  advantage ;  this  on  a  moderate  calculation  will  be  found  sufllcient  to  raise  10  lbs. 
to  the  height  of  10  feet  in  one  second  for  10  hours  in  a  day ;  or  100  lbs.  1  foot  in  a  second, 
that  is  36,000  feet  in  a  day,  or  3,600,000  lbs.  1  foot  in  a  day.  The  following  exhibits  a 
tabular  -view  of  the  immediate  force  of  men,  without  deduction  for  friction.  Such  a  day's 
work  is  the  measuring  unit  in  the  third  column  of  the  table. 


Opmatitb. 


A  man  weighing  133  lbs.  French  ascended  62  feet 
French  by  steps  in  34  seconds,  but  was  com- 
pletely exhausted.     Amontons,    .  -  - 

A  sawyer  made  200  strokes  of  1 8  French  inches  each 
in  145  seconds,  with  a  force  of  25  lbs.  French. 
He  could  not  have  continued  more  than  3  mi- 
nutes.    Amontons.  .... 

A  roan  can  raise  60  French  lbs.  1  French  foot  in 
1  second  for  8  hours  a  day»    BemouUIi, 

A  man  of  ordinary  strength  can  turn  a  winch  with  a 
force  of  30  lbs.,  and  with  a  velocity  of  3)  feet  in 
1  second  for  10  hours  a  day.     Detagvliers. 

Two  men  working  at  a  windlass,  with  handles  at 
right  angles,  can  raise  70  lbs.  more  easily  than  I 
can  raise  30  lbs.     Desagulitrs.    ... 

A  man  can  exert  a  force  of  40  lbs.  for  a  whole  day 
with  the  assistance  of  a  fly,  when  the  motion  is 
pretty  quick,  at  about  4  or  5  feet  in  a  second. 
Desagttliers.  But  it  appears  doubtful  whether 
the  force  is  40  or  20  lbs.  ... 

For  a  short  time,  a  man  may  exert  a  force  <^  80  lbs. 
with  a  fly  when  the  motion  is  pretty  quick.  2>e- 
saguliers.  ..... 

A  man  going  up  stairs  ascends  14  metres  (35*43  feet) 
in  1  minute.    Couhnh,  ... 


Force. 


L 


2*8 


Continuance. 


34  sec. 


60 

1 45  sec. 

0-C9 

8  hours 

1*05 

10  hour 

1-22 

— 

2O0 

— . 

3O0 

1  sec. 

1*182 

1  min. 

Day*s  Work. 


0552 


1*05 


1*22 
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Opmutivb. 

Force. 

Contlnuanca 

Day'*  Work. 

A  man  going   up  stain  for  a  day  raises  205  kilo- 

grammes  (451*64  lbs.  averd.)  to   the  height  of 

a  kilometre  (S280*91  feet).      Coulomb.      - 

'—. 

— . 

0*412 

With  a  spade  a  man  does  })  as  much  as  in  ascending 

stairs.      Coulomb,             .... 

—^ 

— 

0*391 

With  a  winch  a  man  does  |  as  much  as  in  ascending 

stairs.      Coulomb,             .... 

— 

— 

0*258 

A  man  carrying  wood  up  stairs  raises,  together  with 

his  own  weight,  109  kilogrammes   (240*14  lbs. 

averd.)  to  1    kilometre  (3280*91    feet).        Cou- 

lomb,     ...... 

— — 

— . 

0-219 

A   man  weighing  150    French  lbs.   can  ascend   by 

stairs  3  French  feet  in  a  second  for  15  or  20 

seconds.      Coiuiomb,         .... 

5-22 

20  sec. 

For  half  an  hour  100  French  pounds  may  be  rused 

1  foot  French  per  second.     Cotdomb. 

1152 

30  min. 

By  Mr.  Buchanan's  comparison,  the  force  exerted  in 

turning  a  winch  being  assumed  equal  to  the  unit. 

the  force  in  pumping  will  be      - 

0-61 

In  ringing  ...... 

1*36 

In  rowing  ...... 

1*43 

1343.  Coulomb*s  maximum  of  effect  is,  when  a  man  weighing  70  kilogrammes 
(154*21  lbs.  avoirdupois),  carries  a  weight  of  53  (116*76  lbs.  avoirdupois,)  up  stairs.  But 
this  appears  too  great  a  load. 

1344.  Porters  carry  from  200  to  300  lbs.,  at  the  rate  of  3  miles  an  hour.  Chairmen 
walk  4  miles  an  hour  with  a  load  of  150  lbs.  each ;  and  in  Turkey  there  are  found  porters 
who,  it  is  said,  by  stooping  forwards,  carry  from  700  to  900  lbs.  very  low  on  their  backs. 

1345.  The  most  advantageous  weight  for  a  man  of  common  strength  to  carry  horizon- 
tally, is  1 1 1  pounds ;  or,  if  he  return  unladen,  135.  With  wheelbarrows,  men  will  do  half 
as  much  more  work,  as  with  hods.      Coulomb. 

The  following  table  exhibits  the  performance  of  men  by  machines. 


Opbkativb. 


A  man  raised  by  means  of  a  rope  and  pulley  25  lbs. 
French,  220  French  feet  in  1 45  seconds.  Amon- 
tons.        ...... 

A  man  can  raise  by  a  good  common  pump  1  hogshead 
of  water  1 0  feet  high  in  a  minute  for  a  whole  day. 
DeaaguHert.         .  .  -  -  - 

By  the  mercurial  pump,  or  another  good  pump,  a  man 
may  raise  a  hogshead  18  or  20  feet  in  a  minute 
for  1  or  2  minutes  ... 

In  pile  driving,  55\  French  lbs.  were  raised  1  French 
foot  in  1  second,  for  5  hours  a  day,  by  a  rope 
drawn  horizontally.      Coulomb.    -  .  - 

Robison  says  that  a  feeble  old  man  raised  7  cubic 
feet  of  water  11)  feet  in  I  minute  for  8  or  1 0 
hours  a  day,  by  walking  1)ackwards  and  forwards 
on  a  lever  -  -  -  -    ^         - 

A  young  man,  the  last-named  author  says,  weighing 
]3i  lbs.,  and  carrying  30  lbs.,  raised  9}  cubic  feet 
111  feet  high  for  10  hours  a  day,  without 
&tigue  .  .  .  -  . 


Force. 


0*436 
0*875 
1*61 
0*64 


0*837 


1*106 


Continuance. 


145  sec. 


2  min. 
5  hours 

9  hours 

10  hours 


Day'i  Work. 


0*875 


0*82 


0-753 


1106 


1 346.  In  respect  of  the  force  of  horses,  we  do  not  think  it  necessary  to  do  more  than 
observe  that  the  best  way  of  applying  their  force  is  in  an  horizontal  direction,  that  in  which 
a  man  acts  least  to  advantage.  For  instance,  a  man  weighing  140  lbs.,  and  drawing  a  boat 
along  by  means  of  a  rope  over  his  shoulders,  cannot  draw  above  27  lbs. ;  whereas  a  horse 
employed  for  the  same  purpose  can  exert  seven  times  that  force. 

1347.  Generally,  a  horse  can  draw  no  more  up  a  steep  hUl  than  three  men  can  carry. 
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that  is,  from  450  to  750  pounds ;  but  a  hone  can  draw  2000  pounds  up  a  steep  hill  wliich 
is  but  short.  The  most  disadvantageous  mode  of  applying  a  horse's  force  is  to  make 
him  carry  or  draw  up  hill ;  for  if  it  be  steep,  he  is  not  more  than  equal  to  three  men, 
each  of  whom  would  climb  up  faster  with  a  burden  of  100  pounds  weight  than  a  horse 
that  is  loaded  with  300  pounds.  And  this  arises  from  the  different  construction  of  what 
may  be  called  the  two  living  machines. 

1348.  Desaguliers  observes,  that  the  best  and  most  effectual  action  of  a  man  is  that 
exerted  in  rowing,  in  which  he  not  only  acts  with  more  muscles  at  once  for  overcoming 
resistance  than  in  any  other  application  of  his  strength,  but  that,  as  he  pulls  backwards, 
his  body  assists  by  way  of  lever. 

1349.  There  are  cases  in  which  the  architect  has  to  avail  himself  of  the  use  of  horse 
power;  as,  for  instance,  in  pugmills  for  tempering  mortar,  and  occasionally  when  the 
stones  employed  in  a  building  may  be  more  conveniently  raised  by  such  means.  We 
therefore  think  it  proper  to  obsertre,  that,  for  effectually  using  the  strength  of  the  animal, 
the  track  or  diameter  of  a  walk  for  a  horse  should  not  be  less  than  25  to  30  feet. 

1350.  We  close  this  section  by  observing,  more  for  the  curiosity  of  the  thing  than 
for  the  service  it  will  be  to  the  architect,  that  some  horses  have  carried  650  or  700  lbs., 
and  that  for  seven  or  eight  miles,  without  resting,  as  their  ordinary  work ;  and,  according  to 
Desaguliers  {ExperimaU.  PhUo$.  vol.  i.),  a  horse  at  Stourbridge  carried  11  cwt  of  iron, 
or  1232 lbs.,  for  eight  miles. 


Skct.  IX. 
AUTUoas  ov  SQUXLiBaxuM  OP  Aacuu. 

1351.  The  construction  of  arches  may  be  considered  in  a  threefold  respect.  I.  As 
respects  their  form.  II.  As  respects  the  mode  in  which  their  parts  are  constructed. 
III.  As  respects  the  thrust  they  exert. 

1352.  The  first  category  involves  rather  the  mode  of  tracing  the  right  lines  and 
curves  whereof  their  surnces  are  composed,  and  has  been  partially  treated  of  in  Section  VI. 
on  Descriptive  Geometry,  and  will  be  further  shortly  discussed  in  future  pages  of  this 
work.     The  other  two  points  will  form  the  subject  of  the  present  section. 

1353.  The  investigation  of  the  equilibrium  of  arches  by  the  laws  of  statics  does  not 
appear  to  have  at  all  entered  into  the  thoughts  of  the  ancient  architects.  Experience, 
imitation,  and  a  sort  of  mechanical  intuition  seem  to  have  been  their  guides.  They  appear 
to  have  preferred  positive  solidity  to  nice  balance,  and  the  examples  they  have  left  are 
rather  the  result  of  art  than  of  science.  Vitruvius,  who  speaks  of  all  the  ingredients 
necessary  to  form  a  perfect  architect,  does  not  allude  to  the  assistance  which  may  be 
afforded  in  the  construction  of  edifices  by  a  knowledge  of  the  resolution  of  forces,  nor  of 
the  aid  that  may  be  derived  from  the  study  of  such  a  science  as  Descriptive  Geometry, 
though  of  the  latter  it  seems  scarcely  possible  the  ancients  could  have  been  ignorant,  seeing 
how  much  it  must  have  been  (practically,  at  least)  employed  in  the  construction  of  such 
vast  buildings  as  the  Coliseum,  and  other  similarly  curved  structures,  as  respects  their  plan. 

1 354.  The  Gothic  architects  seem,  and  indeed  must  have  been,  guided  by  some  rules 
which  enabled  them  to  counterpoise  the  thrusts  of  the  main  arches  of  their  cathedrals 
with  such  extraordinary  dexterity  as  to  excite  our  amazement  at  their  boldness.  But 
they  have  left  us  no  precepts  nor  clue  to  ascertain  by  what  means  they  reached  such 
heights  of  skill  as  their  works  exhibit.  We  shall  hereafVer  offer  our  conjectures  on  the 
leading  principle  which  seems  as  well  to  have  guided  them  in  their  works  as  the  ancients 
in  their  earliest,  and  perhaps  latest,  specimens  of  columnar  architecture. 

1355.  Parent  and  De  la  Hire  seem  to  have  been,  at  the  latter  end  of  the  seventeenth 
century,  the  first  mathematicians  who  considered  an  arch  as  an  assemblage  of  wedge-formed 
stones,  capable  of  sliding  down  each  other's  surfaces,  which  they  considered  in  a  state  of  the 
highest  polish.  In  this  hypothesis  M.  de  la  Hire  has  proved,  in  his  Treatise  on  Mechanics^ 
printed  in  1695,  that  in  order  that  a  semicircular  arch,  whose  joints  tend  to  the  centre,  may 
be  able  to  stand,  the  weights  of  the  voussoire  or  arch  stones  whereof  it  is  composed  must 
be  to  each  other  as  the  differences  of  the  tangents  of  the  angles  which  form  each  voussoir ; 
but  as  these  tangents  increase  in  a  very  great  ratio,  it  follows  that  those  which  form  the 
springings  must  be  infinitely  heavy,  in  order  to  resist  the  effects  of  the  superior  voussoirs. 
Now,  according  to  this  hypothesis,  not  only  would  the  construction  of  a  semicircular  arch 
be  an  impossibility,  but  also  all  those  which  are  greater  or  less  than  a  semicircle,  whose 
centre  is  level  with  or  in  a  line  parallel  with  the  tops  of  the  piers ;  so  that  those  only  would 
be  practicable  whose  centres  were  formed  by  curves  forming  angles  with  the  piers,  such  as 
the  parabola,  the  hyperbola,  and  the  catenary.  And  we  may  here  remark,  that  in  para- 
bolic and  hyperbolic  arches,  the  voussoir  forming  the  keystones  should   be  heavier  oi 
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greater  in  height,  and  that  from  them  the  weight  or  size  of  the  keystones  should  diminish 
from  the  keystone  to  the  springing ;  the  catenary  being  the  only  curve  to  which  an  hori- 
sontal  extrado$t  or  upper  side,  can  be  properly  horizontal.  In  the  Memoirs  of  the  Academy 
of  SciejueSf  1729,  M.  Couplet  published  a  memoir  on  the  thrusts  of  arches,  wherein  he 
adapts  the  hypothesis  of  polished  voussoirs ;  but,  finding  the  theory  would  not  be  applicable 
to  the  materials  whereof  arches  are  usually  composed,  he  printed  a  second  memoir  in  1730, 
wherein  the  materials  are  so  grained  that  they  cannot  slide.  But  in  this  last  he  was  as  hr 
fixim  the  truth  as  in  his  first. 

1356.  M.  Danisy,  a  member  of  the  Academy  of  Montpellier,  liking  neither  of  these 
hypotheses,  endeavoured  from  experiments  to  deduce  a  theory.  He  m^e  several  models 
whose  extradosses  were  equal  in  thickness,  and  divided  into  equal  voussoirs,  with  piers  suf- 
ficiently thick  to  resist  the  thrusts.  To  ascertain  the  places  at  which  the  foilure  would 
take  place  where  the  piers  were  too  weak,  he  loaded  them  with  different  weights.  From 
many  experiments,  in  1 732,  he  found  a  practical  rule  for  the  walls  or  piers  of  a  cylindrical 
arch  so  as  to  resist  the  thrust 

1 357.  Derand  had  thereupon  found  one  which  appears  in  his  Architecture  of  Arches^  but 
it  seems  to  have  been  empirical.  It  was  nevertheless  adopted  by  Blondel  and  Deschalles, 
and  afterwards  by  M.  de  la  Rue. 

Gautier,  in  his  Treatieeom  Bridges,  adopts  one  which  seems  to  have  had  no  better 
foundation  in  science  than  Derand*s. 

1 358.  At  the  end  of  a  theoretical  and  practical  treatise  on  stereotomy  by  M.  Frezier, 
that  author  subjoined  an  appendix  on  the  thrust  of  arches,  which  was  an  extract  of  what 
had  theretofore  been  published  by  MM.  de  la  Hire,  Couplet,  Bernouilli,  and  Danisy,  with 
the  applications  of  the  rules  to  all  sorts  of  arches.  He  seems  to  have  been  the  first  who 
considerably  extended  the  view  of  the  subject. 

1359.  Coulomb  and  Bossut  occupied  themselves  on  the  subject.  The  first,  in  177S, 
presented  to  the  French  Academy  of  Sciences  a  memoir  on  several  architectural  problems, 
amongst  which  is  one  on  the  equilibrium  of  arches.  The  last-menticmed  author  printed,  in 
the  Memoirs  {1114  and  1776)  of  the  same  academy,  two  memoirs  on  the  theory  of  cyliudrical 
arches  and  of  domed  vaulting,  wherein  are  some  matters  relating  to  the  cupola  of  the 
I^antheon  at  Paris,  whose  stability  was  then  a  matter  of  doubt. 

1360.  In  Italy,  Lorgna  of  Verona  considers  the  subject  in  his  Saggidi  Statica  Mecanica 
appOetde  aUe  Arti ;  and  in  1 785,  Mascheroni  of  Bergamo  published,  in  relation  to  this  branch 
of  architecture,  a  work  entitled  Nuove  Bieerche  deUe  VoHe^  wherein  he  treats  of  cupolas  on 
circular,  polygonal,  and  elliptical  bases. 

1361.  We  ought,  perhaps,  not  to  omit  a  memoir  by  Bouguer  in  the  Transactions  of  the 
French  Academy  of  1734,  Sur  les  Lignes  CouH>espropre$  a  fanner  les  Voutes  en  Dame,  wherein 
he  adduces  an  analogy  between  cylindrical  and  dome  vaulting ;  the  one  being  supposed  to  be 
formed  by  the  movement  df  a  catenarian  curve  parallel  to  itseli^  and  the  other  by  the  revo- 
lution of  the  same  curve  about  its  axis. 

1 362.  In  this  country,  the  equilibration  of  the  arch,  as  given  by  Belidor  and  others  on  the 
Continent,  seems  to  have  prevailed,  though  little  was  done  or  known  on  the  subject.  Emer- 
son seems  to  have  been  the  earliest  attracted  to  the  subject,  and  in  his  Treatise  on  MeehanicSf 
1 743,  appears  to  have  been  the  first  who  thought,  after  the  Doctors  Hooke  and  Gregory, 
of  investigating  the  form  of  the  extrados  from  the  nature  of  the  curve,  in  which  he  was 
followed  by  Hutton,  who  added  nothing  to  the  stock  of  knowledge ;  an  accusation  which 
the  writer  of  this  has  no  hesitation  of  laying  at  his  own  door,  as  having  been  the  autlior  of 
a  TVeatise  on  the  Equilibrium  of  Arches,  which  has  passed  through  two  editions  ;  but  who, 
after  much  reflection,  is  now  ccmvinced,  that,  for  the  practical  architect,  no  theory  wherein 
the  extrados  is  merely  made  to  depend  on  the  form  of  the  intrados  can  ever  be  satisfactory 
or  useful.  It  is  on  this  account  that  in  the  following  pages  he  has  been  induced  to  follow  the 
doctrines  of  Rondclet,  as  much  more  satisfactory  than  any  others  with  which  he  is  acquainted. 

1363.  The  formulae  of  Rondclet  were  all  verified  by  models,  and  the  whole  reasoning  is 
conducted  upon  knowledge  which  is  to  be  obtained  by  acquaintance  with  the  mathematical 
and  mechanical  portions  of  the  preceding  pages.  It  moreover  requires  no  deep  acquaintance 
with  the  more  abstruse  learning  requisite  for  following  the  subject  as  treated  by  later 
authors. 

OBSKEVATIOKS   OK   FaiCTIOK. 

1364.  I.  In  order  that  the  stone  parallelopiped  ABCD  {fig.  563.) 
may  be  made  to  slide  upon  the  horizontal  plane  FG,  the  power  which 
draws  or  pushes  it  parallel  to  this  plane,  must  not  be  higher  than  the 
length  of  its  base  AB ;  for  if  it  acts  from  a  higher  point,  such  as  C,  the 
parallelopiped  will  be  overturned  instead  of  sliding  along  it. 

1  ^5.  As  the  effects  of  the  powers  P  and  M  are  in  the  inverse  ratio 
of  the  heights  at  which  they  act,  it  follows  that  a  parallelopiped  will 
slide  whenever  the  force  which  is  necessary  to  overturn  it  is  greater  than     '   "  ng.  553. 
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that  necessary  to  make  it  slide,  and,  reciprocally,  it  will  be  overturned  when  less  force  is 
necessary  to  produce  that  effect  than  to  make  it  slide. 

1S66.  II.  When  the  parallelopiped  is  placed  on  an  indmed  plane,  it  will  slide  so  long 
as  the  vertical  QS  drawn  from  its  centre  of  gravity  does  not  fiiU  without  the  base  A  A. 
Hence,  to  ascertain  whether  a  parallelopiped  ABCD  with  a 
rectangular  base  {fig»  564. )  will  slide  down  or  overturn ;  from 
the  pomt  B  we  must  raise  the  perpendicular  BE  :  if  it  pass  out 
of  the  centre  of  gravity,  it  will  slide ;  i^  on  the  contrary,  the 
line  BE  passes  within,  it  will  overturn. 

1367.  If  the  surfaces  of  stones  were  infinitely  smooth,  as 
they  are  supposed  to  be  in  the  application  of  the  principles  of  "  '  ptn.  m*^ 
mechanics,  they  would  begin  to  slide  the  moment  the  plane 
upon  which  they  are  placed  ceases  to  be  perfectly  horizontal ;  but  as  their  surfaces  are  full 
of  little  inequalities  which  catch  one  another  in  their  positions,  Rondelet  found,  by  re- 
peated experunents,  that  even  those  whose  surfaces  are  wrought  in  the  best  manner  do  not 
begin  to  slide  upon  the  best  worked  planes  of  similar  stone  to  the  solids  until  such  planes 
are  inclined  at  angles  varying  from  28  to  36  degrees.  This  difficulty  of  moving  one  stone 
upon  another  increases  as  the  roughness  of  their  surfaces,  and,  till  a  certain  point,  as  their 
weight :  for  it  is  manifest,  1  st.  That  the  rougher  their  surfaces,  the  greater  are  the  in- 
equalities which  catch  one  another.  2d.  That  the  greater  their  weight,  the  greater  is  the 
effort  necessary  to  disengage  them ;  but  as  these  inequalities  are  susceptible  of  being 
broken  up  or  bruised,  the  maximum  of  force  wanting  to  overcome  the  friction  must  be 
equal  to  that  which  produces  this  effect,  whatever  the  weight  of  the  stone.  3d.  That  this 
proportion  is  rather  as  the  hardness  than  the  weight  of  the  stone. 

1 368.  In  experiments  on  the  sliding  of  hard  stones  of  different  sixes  which  weighed  fit>m 
2  to  60  lbs.,  our  author  found  that  the  friction  which  was  more  than  half  the  weight 
for  the  smaller  was  reduced  to  a  third  for  the  larger.  He  remarked  that  after  each  experi- 
ment made  with  the  larger  stones  a  sort  of  dust  was  disengaged  by  the  friction.  In  soft 
stones  this  dust  fiusilitated  the  sliding. 

1 369.  These  circumstances,  which  would  have  considerable  influence  on  stones  of  a  great 
weight,  were  of  little  importance  in  the  experiments  which  will  be  cited,  the  object  being 
to  verify  upon  hard  stones,  whose  mass  was  small,  the  result  of  operations  which  the  theory 
was  expected  to  confirm.  By  many  experiments  very  carefully  made  upon  hard  freestone 
well  wrought  and  squared,  it  was  found,  1st,  That  they  did  not  b^in  to  slide  upon  a  plane 
of  the  same  material  equally  well  wrought  until  it  was  inclined  a  little  more  than  30  degrees. 
2d.  That  to  drag  upon  such  stone  a  parallelopiped  of  the  same  material,  a  little  more  than 
half  its  weight  was  required.  Thus,  to  drag  upon  a  level  plane  a  parallelopiped  6  in.  long, 
4  in.  wide,  and  2  in.  thick,  weighing  4  lbs.  1 1  ox.,  (the  measures  and  weights  are  French, 
as  throughout*),  it  was  necessary  to  employ  a  weight  equal  to  2 lbs.  7  ox.  and4drs. 
3d.  That  the  size  of  the  rubbing  surface  is  of  no  consequence,  since  exactly  the  same  force 
is  necessary  to  move  this  parallelopiped  upon  a  face  of  two  in.  wide  as  upon  one  o{  4. 

1 370.  Taking  then  into  consideration  that  by  the  principles  of  mechanics  it  is  proved, 
that  to  raise  a  perfectly  smooth  body,  or  one  which  is  round  upon  an  homogeneous  plane 
inclined  at  an  angle  of  30  degrees,  a  power  must  be  employed  parallel  to  the  plane  which 
acts  with  a  force  rather  greater  than  half  its  weight,  we  may  conclude  that  it  requires  as 
much  force  to  drag  a  parallelopiped  of  freestone  upon  an  horizontal  plane  of  the  same 
material  as  to  cause  the  motion  up  an  inclined  plane  of  30  d^rees  of  a  round  or  infinitely 
polished  body. 

1 37 1 .  From  these  considerations  in  applying  the  principles  of  mechanics  to  arches  composed 
of  freestone  well  wrought,  a  plane  inclined  at  30  degrees  might  be  considered  as  one  upon 
which  the  voussoirs  would  be  sustained,  or,  in  other  words,  equivalent  to  an  horizontal  plane. 

1372.  We  shall  here  submit  another  experiment,  which  tends  to  establish  such  an  hypo- 
thesis. If  a  parallelopiped  C  (  fig.  565.)  of  this  stone  be  placed 
between  two  others,  BD,  RS,  whose  masses  are  each  double, 
upon  a  plane  of  the  same  stone,  the  parallelopiped  C  is  sus- 
tained by  the  friction  alone  of  the  vertical  surfaces  that  touch 
it.  This  effect  is  a  consequence  of  our  hypothesis ;  for,  the 
inequalities  of  the  surfaces  of  bodies  being  stopped  by  one  ano- 
ther, the  parallelopiped  C,  before  it  can  fitll,  must  push  aside  the 
two  others,  BD,  R^  by  making  them  slide  along  the  horizontal  ^^^'  ^^• 
plane  of  the  same  material,  and  for  that  purpAle  a  force  must  be  employed  equal  to  double 
the  weight  sustained. 

*  The  FarU  pound  »  7561  Troy  grains. 
Ounces   473*iKSA. 
Dram  or  gros  a     59*0708. 
Grain  >»       08304. 
And  ai  the  English  aToIrdunoU  pound  cs  7000  Trov  grainB,  it  contahu  8538  Paris  graloi. 
The  Pari*  foot  of  13  Inches  «  13-7977  KnglUh  Inches. 
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1373.  If  to  thi»  erpcriment  the  prineiplefl  of  mectuaics  be 
■pplied.  considering  the  plane  of  30  degrtei  inclination  u  ■ 
horiioDtiii  pluic^  the  vertical  bca  ED  FK  may  be  comideied 
aa  inclined  planea  of  60  degree*.  On  Ihii  hypotheaia  it  may  be 
demoiMtnited  by  mechanic!,  that  to  lustain  b  body  betveen  tvo 
plane!  finrming  an  angle  of  60  degreea  (fig,  566. ).  the  resist- 
aDceof  each  oftheaeplaoea  must  be  to  half  the  weight  auatained 
aa  HD  U  to  DG,  w  the  radius  ii  to  the  aine  of  30  degree^  or 


1974.  The  renstaooe  of  each  parallelopiped  represented  by  the  prism  ABDE  (fy.  565.) 
being  equal  to  half  their  vright,  it  follows  that  the  weight  to  be  auatained  by  the  two  priams 
should  equal  ooe  quarter  of  the  two  parallelopipeda  taken  together,  or  the  half  of  one. 
which  ia  coafirmed  by  the  experiment  Thii  agreement  between  theory  and  practice  deter- 
mined Rondelet  to  apply  the  bypothtsia  to  modela  of  vaulti  composed  of  Touaaoira  and  wedges 
disunited,  made  of  freestone,  with  the  utmost  exactness,  the  Joints  and 
sur&ees  nicely  wrought,  »  the  parallelopipeds  in  the  preceding  eumple. 

1375.  The  fint  model  was  of  ■  semicircular  arch  9  inches  diameter, 
comprised  between  two  concentric  semi-circumtbrences  of  circles  9 1  liaet 
■part.  It  was  divided  into  9  equal  loussoira.  Tlia  arch  was  17  lines 
deep,  and  was  carried  on  pien  2  inches  and  7  lines  thick.  It  was  found, 
by  gradually  diminiahing  the  piers,  which  were  at  first  £  inches  and  10 
lines  thick,  that  the  thickness  first  named  was  the  least  which  could  be 
Assigned  to  resist  tbe  thrust  of  the  Toussoiis. 

1S76.    The  model  in  question  is  represented  in  fig.    567.,    wbereon 
we  hate  to  ofaserre,  —  lit.    That   tbe    firrt   Toussoir,  I,  being  placed 
on    a    lerel  joint,  not    only    lustaina    itself    but   ia  able  to    resist    by 
friction  an  effort  equal  to  one  half  of  its  wcighL      Kd.   That  the  second 
TDUBsoir,  M,  being  upon  a  Joint  inclined  SO  degrees,  will  also,  through 
friction,  sustain  itself;  snd  that,  moreover,  these  two  vounoits  would 
reust,  previous  to  giving  way  on  the  Joint  AB,  an  horiiontal  effort  equal 
to  one  balf  of  their  weight.    3d.   That  the  third  voussoir,  N,  standing 
on  a  Jinnt  inclined  at  40  dt^reea,  would  slide  if  it  were  not  retained 
by  a  power   PN  acting  in  an  opposite  direction.     4th.   That  taking,  ac- 
cordiog  to  our   hypothesis,   an  inclined  plane  of  30  degrees,  whereon 
the  stones  would  remain  in  equilibrium  as  an  horiiontal   one,  the  in- 
clined point  of  40  degrees  may  be  considered  as  an  inclined  plane  of  "*■  ""' 
lO  degrees,  supposing   tbe    suT6ice*  infinitely  smooth.      Stb.    That  the  effort  of  the  hori- 
iontal power  which  holds  this  voussoir  in  equilibrium  upon  its  Joints  will  be  to  its  weight 
ai  the  sine  of  10  d^jrees  is  to  its  cosine,  sa  we  have,  in  the  section  on  Mechanics,  pre- 
viously shown.   (I3£2etseq.) 

•137T.    Hie  model  of  tbe  vault  whereon  we  are  speaking  being  but  9  inches,  or  JOB 
lines  in  diameUr,  by  £1  lines  fot  the  depth  of  the  voussoirs,  thai  is,  the  width  between  the 
tvo  concentric  circumferences,  its  entire  superficies  will  be  4257  square  lines,  which,  divided 
by  9,  gives  for  each  voussoir  473  square  lines.      I^en,  letting  the  weight  of  each  voussoir 
be  expressed  by  its  superficies,  and  calling  P  the  horiiontal  power,  we  have 
P  :  473  ::Bin.  lO^  :  cosin.  10°; 
Or,  P  :  473::173«£  :  98481  ;  which  gives  P^83^ 
Tbe  fourth  voussoir,  bein^  placed  upon  a  bed  inclined  at  60  decrees,  will  be  considered  aa 
staruling  on  a  plane  inclined  only  at  30   degrees,  which  gives,  calling  Q  the  horiiontal 
power  which  keeps  it  on  its  Joint,  — 

Q:  473::iin.3Cf  ;  cosin.  SO^ 
Or,  Q:  473::30000  :  86603"373i^. 

1378.  The  half-keyitones,  being  placed  on  a  j<Hnl  inclined  BO  degrees,  are  to  be  conaidered 
as  standing  on  an  inclined  plane  of  50,  the  area  of  the  half  key  which  represents  ita 
weight  beil^  S36t  If  we  coll  R  the  horiiontal  power  which  sustaini  it  on  ita  Jmnt,  we 
shaU  have  tbe  proportion 

B  :  3361 : :  nn.  50  :  cosin.  50  ; 
or,  R:  S36{::TS604  :  643T9j  which  gives  R-98I^ 

1379.  Wishing  to  ascertain  if  the  sum  of  these  horiiontal  efforts,  wbioh  were  necessary 
to  keep  on  their  joints  tbe  two  vouaaoirs  N,  (),  snd  the  hslf-keystone,  was  o^table  t^ 
thrusting  away  the  first  voussoir  upon  ita  horiiontal  Joint  AB,  the  half  arch  was  laid  down 
upon  a  level  plane  of  the  same  stone  without  piers,  and  it  was  proved  that  to  make  it  give 
way  an  horiiontal  eilbrt  of  more  than  16  ounces  was  required,  whilst  only  10  wer«  necea- 
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sary  to  sustain  the  half-keystone  and  the  two  voussoirs  N,  O.    The  two  halves  of  the  arches 
united  bore  a  weight  of  5  lbs.  2  oz.  before  the  first  voussoirs  gave  way. 

1380.  To  find  the  effect  of  each  of  these  voussoirs  when  the  arch  is  raised  upon  its  piers, 
let  fiiU  from  the  centres  of  gravity  N,  O,  S  of  these  voussoirs  the  perpendiculars  Nn,  Oo,  Ss, 
in  order  to  obtain  the  arms  of  the  levers  of  the  powers  P,  Q«  R,  which  keep  them  in  their 
places,  tending  at  the  same  time  to  overturn  upon  the  fulcrum  T  the  pier  which  carries 
the  half  arch,  and  we  have  their  effort — 

P  X  Nn  +  Q  X  Oo  +  R  X  S*. 
The  height  of  the  pier  being  1 95  lines,  we  have 

Nn»244*94 
Oo  at  256 -26 
and  S»=»  260*50,  whence  we  have 
Hie  cfibrt  P  x  Nmb  83*4  x  244*94,  which  gives  20427*996 

Qx  Ooa27S*3  X  256*26 70035*858 

R  X  Sc  »281  *9  X  260-50 73434*950 


Total  effort  in  respect  of  the  fulcrum,  163898*804 

1 38 1 .  The  pier  resists  this  effort,  Ist,  by  its  weight  or  area  multiplied  by  the  arm  of  the 
lever  determined  by  the  distance  T«  from  the  fulcrum  T  to  the  perpendicular  let  fall  from 
the  centre  of  gravity  G  upon  the  base  of  the  pier.  2d.  By  the  weight  of  the  half  arch 
multiplied  by  the  arm  of  its  lever  VY  determined  by  the  vertical  L Y  let  fall  from  the 
centre  of  gravity  L,  and  which  becomes  in  respect  of  the  common  fulcrum  T«=Tf  or 
VB  —  BY,  in  order  to  distinguish  BY,  which  indicates  the  distance  of  the  centre  of  gravity 
of  the  half  arch  (and  which  is  supposed  known  because  it  may  be  found  by  the  rules  given 
in  1275.  et  seq.)  from  the  width  VB  that  the  pier  ought  to  have  to  resist  the  effort  of 
the  half  arch  sought.  In  order  to  find  it,  let  P,  the  effort  of  the  arch  above  found,  be 
163898*804. 

Let  the  height  of  the  pier  ssa 

The  width  sought  sa* 

The  weight  of  the  half  arch  «& 

The  part  BY  of  its  arm  of  lever  =c 

1 382.  Hie  area  of  the  pier  which  represents  its  weight  multiplied  by  the  arm  of  the 
lever  will  be  ox  x  |  =  ^-.     That  of  the  half  arch  multipied  by  its  arm  of  lever  will  be 

shown  by  VB  +  BY,  where  *  +  cwill  be  bx  + be,  whence  the  equation  P '=^'^- +  bx  +  be, 
which  we  have  to  solve. 

Now  first  we  have  '^  +  6*  =  P — 6c. 

Multiplying  all  the  terms  by  ->         ibx     ip-^^be  .       , .  ,       .        .    j. 

...  ^  «  >xx  +  -^-=s  ^*^—  -,  an  expression  m  which  *  is  raised  to 

to  eliminate  xar,  we  have      3  «  « 

the  second  power ;  but  as  x«  +  —  b  not  a  perfect  square,  that  is  to  say,  it  wants  the 
square  of  half  the  known  quantity  —  which  multiplies  the  second  term ;  by  adding  this 
square,  which  is  ^ ,  to  each  side  of  the  equation,  we  have  *'  +  ^  +  ^ — ^2==^  +  *^.  The 
first  member  by  this  means  having  become  a  perfect  square  whose  root  is  a  +-,  we  shall 
have  X  +  i  +  \/ ^^  ~  +  ^»   which  becomes,  by  transferring  -  to  the  other  side  of  the 

equation,  jr  =  \/-'^"^—  +  — — -,  in  which  x  being  only  in  the  first  member  of  the  equa- 
tion, its  value  is  determined  from  the  known  quantities  on  the  other  side.  Substituting, 
then,  the  values  of  the  known  quantities,  we  have 


yl63898Ji04  X  2—2128x2x124      21 »      21W      2128 
'~V  "         195  "*"  195  **   195~  195* 

which  gives  x=s28)  lines  instead  of  2  inches  and  5  lines,  which  was  assigned  to  the  piers  that 

they  might  a  little  exceed  equilibrium  in  their  stability. 

Proof  of  the  above  Method  by  another  Method  of 
eMtimating  Friction, 

1383.  A  proof  of  the  truth  of  the  hypothesis  in  the  preceding 
section  is  to  be  found  in  the  method  proposed  by  Bossut  in  his 
JVeatiee  on  Mechanics. 

Ij&i    the     vouasoir    N     (^Jig.   568.)    standing   on   an    inclined    ________ 

plane  ^  sustained  by  a  power  Q  acting  horizontally.     From  the  j^^.  hq^ 
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centre  of  gravity  let  fall  the  vertical  Nn,  which  may  be  taken  to  express  the  weight 
of  the  voussoir.  This  weight  may  be  resolved  into  two  forces,  whereof  one,  Nc,  is 
parallel  to  the  joint,  and  the  other  Na  is  perpendicular  to  it.  In  the  same  manner  the 
power  Q  expressed  by  QN  in  its  direction  may  be  resolved  into  two  forces,  whereof 
N/*  will  be  parallel  to  the  joint  and  the  other  Nd  perpendicular  to  it.  Producing  the 
line  from  the  joint  HG,  drawing  the  horizontal  line  GI  and  letting  &11  the  vertical  HI, 
consider  the  line  HG  as  an  inclined  plane  whose  height  is  HI  and  base  IG.  Then  the 
force  Ne  with  which  the  voussoir  will  descend  will  be  to  the  weight  as  the  height  HI 
of  the  inclined  plane  is  to  its  length   H  G.      Calling  p  the  weight  of  the  voussoir,  we 

then  have  Ncssp  x  -jiy,  and  the  force  Na  which  presses  against  the  plane  as  the  base  of  the 

If 
plane  I G  is  to  its  length,  which  gives  the  force  Nassp  x  -j^^, 

1584.  Considering,  in  the  same  way,  the  two  forces  of  the  power   Q.  which  retain  the 

voussoir  on  the  inclined  plane,  we  shall  find  the  parallel  force  N/'=  Q.  x  Qg,  and  the  per- 

IH 
pendicular  force  N</  s  Q.  x  f^Q.     The  force  resulting  from  the  two  forces  No,  Nc^  which 

IG  H 

press  against  the  joint,  will  be  expressed  by  p  x  j^-q  +  Q,  x  q^  ;  and  as  the  voussoir  only 

begins  to  slide  upon  a  plane  whose  inclination  is  greater  than  SO  degrees,  the  friction  will 
be  to  the  pressure  as  the  sine  of  SO  degrees  is  to  its  cosine,  or  nearly  as  500  is  to  866,  or 
m  of  its  expression.     Calling  this  ratio  n,  we  shall,  to  express  the  friction,  have 

/■         IG  ^  ^      IG  > 

As  the  friction  prevents  the  voussoir  sliding  on  its  joint,  in  a  state  of  equilibrium,  we  shall 
have  the  force  N/* equal  to  the  force  Ne,  less  the  friction;  from  which  results  the  equation — 

^      IG  HI      z'        IG      ^      IH  ^ 

All  the  terms  of  which  equation  having  the  common  divisor  HG,  it  becomes  — 

QxIG=pxHI-(pxIG-QxIH)x«; 

and,  bringing  the  quantities  multiplied  by  Q,  to  the  same  side  of  the  equation,  we  have 

Qx  IG  +  (Q.x  IH)  xHssp  X  HI~(px  IG)  xn;  which  becomes 
Qx(IG  +  nx  IHiBpx(HI— »x  IG);  whence  results 

QaBp  X  j^^^7|]f  which  is  the  formula  for  each  voussoir,  substituting  the 
values  for  the  expression. 

1585.  Thus  for  the  third  voussoir  N  (Jig.  567.)  placed  on  an  inclined  plane  of  40  de- 
grees, HI  which  represents  the  sine  of  the  inclination  will  be  643,  and  its  cosine  repre- 
sented by  IG,  766,  the  expression  of  the  friction  n  will  be  fJJ,  or  )J  nearly.  The  weight  of 
the  voussoir  expressed  by  its  area  will  be  47S,  which  several  values  being  substituted 
in  the  formula,  we  have 

Q«473x??-?H»A7??; 
^        '^'*766  +  lJx643' 

which  gives  Q.»83*6,  the  expression  of  the  horizontal  force  P,  which  will  keep  the  voussoir 
N  in  equilibrium  on  its  joint  instead  of  83*4,  which  was  the  result  of  the  operation  in  the 
preceding  subsection. 

1586.  The  same  formula  Qsp  x  n^Xj^  ih  gives  for  the  voussoir  M  on  an  inclined  joint 
of  60  degrees,  whose  sine  HI  is  866  and  cosine  IG500,  Q=473  x  ?|~l^i~9?=273-4; 

iftmta^A  of  273*3,  which  was  the  result  of  the  operation  in  the  preceding  section. 

1387.   For  the  half-keystone,  the  sine  HI,  being  of  80  degrees,  will  be  expressed  by 

985,  and  its  cosine  IG  by  174;  the  half-keystone  by  236),  and  the  friction  by  )J. 

985  — U  X  174 
The    formula  now   will  be   Q= 236)  x  ^  ^^  ^  T|—  ^g^,  which  gives  Q»  282-2,  instead 

of  281^  found  by  the  other  method.  These  slight  differences  may  arise  from  sup- 
pressing the  two  last  figures  of  the  sines,  and  some  remainders  of  fractions  which  have  been 
neglected.  Multiplying  these  values  of  the  powers  which  keep  the  voussoirs  in  equilibrium 
upon  their  beds  by  the  several  arms  of  the  levers,  as  in  the  preceding  calculations,  their 
energy  will  be  as  follows  :  — 

For  the  voussoir  N,     83-6  x  24494=   20476*98 

—  0,273-4x256-26=   70061-48 

—  S,  282-2x260-50=   7331310 

For  the  total  force  in  respect  of  the  fulcrum  Ts=  163851  -56. 


Which  is  the  value  of  p,  and  being  substituted  for  it  in  the  formula  x—  ▼  ^--     "^  aa~« 

Dd  2 
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u  well  H  tbe  Tiluea  oftbe  other  letters,  which  we  the  nine  u  in  the  preceding  eumplci 


(or  the  tbiokDeei  of  the  pien,  inileid  or  38^  liaei  found  hj  the  preceding  operation. 
» 

AppKcatioH  aflhi  Prinetplain  lh»  Mold  of  a  itnigU  Artk, 

138B.  The  lecond  model  to  which  the  ■pplication  of  the  preceding  methods  was  madr 
OSS  ■  stniit;ht  arch  of  the  some  sort  (Jig.  569. ), 
whose  opening  between  the  piers  wss  9  inches. 
The  arch  was  ZI  lines  hiffh  and  18  lines  thick. 
It  was  divided  into  9  wedges,  whose  jmols  were 
ooneentiic.  To  determine  tbe  section  of  the 
joints,  the  diagonal  KG  was  drawn  on  the  lace 
ofthe  half  arch,  and  from  its  eitromity  F  touch- 
ing the  pier,  the  perpendicular  FO  meeting  O 
ia  the  Tcrticat,  passing  through  the  middle  of 


■  opening 


afth 


s,aU  tl 


ing  in  this  point  0.      Each  of  the  tectioni  of 

the  piers   which    support   the   arch   fbmu   an 

uigle  of  Bl=  IS-  with  the  .ertical,  and  of  68- 

4 J'  with  the  borixon. 

the  half  arch  as  in  tbe  preceding  method,  it 

will  be  found  that  in  order  to  retain  the  f  OUSMir 

A  on  the  jomt    IF  (of  the  pier)  which  fbrau 

68°  45".  we  have 

naMi. 

817-50 

second  B 

854-33 

third  C 

SS8-75 

fourth  D        - 

354-66 

81S-83 

Total      - 

1338 -OT 

The  height  of  the  piers  binng  1 95  lines  to  the  underside  of  llie  arch,  and  91 6  to  the  ti^ 
of  the  ntradcs.  it  follows  that  the  arm  of  the  lever,  which  is  tbe  ssme  for  all  the  wedges, 
is  SOGJi  from  which  we  derive  for  the  thrust  p  of  the  fbimula, 

=  133SOT  «  206-33-276064  1 
b  which  eipressei  the  area  of  the  half  nrch  ^  1 II  9(  )  c  which  eipresaes  tbe  (Ustanee  of  its 
centre  of  ^vily  from  the  vertical  Fa -84,  and  tbe  height  oftbe  piers— 816.      Now,  sub- 
ctitudng  tliese  values  in  the  formula,  we  shall  have 

""*  aiii  +    116. 

Eiperiment  gives  44  lines  for  the  least  width  of  tbe  piers  upon  which  the  model  will  stand. 
But  it  is  right  to  observe  that  tnxa  the  imposubilit;  of  the  joints  being  perpendicular  to 
the  intrados,  the  fbrces  of  the  wedges  prcvs  in  a  lUie  direction  on  each  other,  as  will  be 
seen  hj  tbe  lines  Pa,  Ic,  Se,  3;,  perpendicular  to  the  joints  against  which  the  forces  arc 
directed,  so  that  such  an  arch  will  only  stand  when  the  perpendicular  FG  does  not  fall 


,'l;3!l_!«M.4s|ii 


within  the  thieknesB  of  the  arch  ;  and,  indeed.  Ibis  a 
only  secure  when  it  comprises  an  arc  whose  widt 
section  upon  the  piers  I F,  aa  thown  in  Jig,  570. 

OtMRFofiinj 


otbe 


t  tht  JTay  M  vhich  Sloiif  forming  aa  Arth  att  to 

ntj^fort  one  another. 

1390.    Let  the  lemicircuUr  arch  AHCDNB  (fig.  571.)  consirt 

of  an  inBnite  number  of  voussoira  acting  without  friction,  and  only 

kept  in  their  places  by  their  mutual  forces  acting  on  esch  other. 

ItwiUfoUow  — 

1.  That  the  first  vousaoir,  represented  by  the  line  AB,  having  its 
Jointa  sensibl;  patsllel  and  borisontal,  willact  with  its  whole  w«gbt 
in  tbe  vertio^  direction  IE  to  strengthen  tbe  pier. 
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8.  That  the  vertical  voussoir  CD,  which  represents  the  keystone,  having  also  its  joints 
sensibly  paralld,  will  act  with  its  whole  weight  horiaontally  to  overturn  the  semi^arches  and 
piers  which  carry  them. 

3.  That  all  the  other  voussoirs  between  these  two  extremes  will  act  with  the  compound 
forces  Gn,  nm,  nU,  K4  KA,  hg,  ffft/T,  which  may  each  be  resolved  into  two  others,  whereof 
one  is  vertical  and  the  other  horizontal :  thus  the  compound  force  KA  is  but  the  result 
of  the  vertical  force  4A,  and  the  horiiontal  force  4K. 

4.  That  the  vertical  force  of  each  voussoir  diminishes  from  T  to  G,  where,  for  tiie  key- 
stone CD,  it  becomes  nothing,  whilst  the  horizontal  forces  continuaUy  increase  in  an  in- 
verse ratio ;  so  that  the  voussmr  HN,  which  is  in  the  middle,  has  its  vertical  and  horisontal 
forces  equaL 

5.  Tlutt  in  semi-circular  arches  whose  extradosses  are  of  equal  height  from  their  in- 
tradosMS,  the  circumference  passing  through  the  centre  of  gravity  of  the  voussoirs  may 
represent  the  sum  of  all  the  compound  forces  with  which  the  voussoirs  act  upon  one 
another  in  sustaining  themselves,  acting  only  by  their  gravity. 

6.  That  if  from  the  points  T  and  G  the  vertical  TF  and  horizontal  GF  be  drawn  meet- 
ing in  the  point  F,  the  line  TF  will  represent  the  sum  of  the  vertical  forces  which  assist  the 
stability  of  the  pier,  and  FG  the  sum  of  the  horizontal  forces  which  tend  to  overthrow  it. 

7.  lluit  if  through  the  point  K  the  horizontal  line  IKL  be  drawn  between  the  parallels 
FT  and  CO,  the  part  IK  will  represent  the  sum  of  the  horizontal  forces  of  the  lower  part 
AHNB  of  the  vault,  and  KL  those  of  the  upper  part  HCDN- 

8.  The  lower  voussoirs  between  T  and  K  being  counterpoised  by  their  vertical  forces, 
the  part  of  the  arch  AHNB  will  have  a  tendency  to  fidl  inwards,  turning  on  the  point  B, 
whilst  the  voussoirs  between  K  and  G  being  counterpoised  by  their  horizontal  forces,  the  part 
HCDN  of  the  arch  wiU  re-act  upon  the  lower  part  by  its  tendency  to  turn  upon  the  point  A. 

9.  The  horizontal  forces  of  the  upper  part  of  the  arch  shown  by  KL  acting  from  L 
towards  K,  and  those  of  the  lower  part  shown  by  IK  opposite  in  direction  to  the  former, 
that  is,  from  I  to  K,  beins  directly  opposed,  would  counterpoise  each  other  if  they  were 
equal,  and  the  arch  would  have  no  thrust ;  but  as  they  are  always  unequal,  it  is  the  dif- 
ference of  the  forces  which  occasions  the  thrust,  and  which  acts  in  the  direction  of  the 
strongest  power. 

10.  If  we  imagine  the  width  BO  of  a  semi-arch  constantly  to  diminish,  its  height 
remaining  the  same,  the  sum  of  the  horizontal  forces  will  diminish  in  the  same  ratio,  so  that 
when  the  points  B  and  O  are  common,  the  horizontal  force  being  annihilated,  nothing 
remains  but  the  vertical  force,  which  would  act  only  on  the  pier,  and  tend  to  its  stability, 
thrust  vanishing,  because,  instead  of  an  arch,  it  would,  in  foct,  be  nothing  more  than  a  con- 
tinued pier. 

11.  11^  on  the  contrary,  the  height  OD  diminishes,  the  width  BO  remaining  the  same, 
the  curve  B  and  D  would,  at  last,  vanish  into  the  right  line  BO,  and  the  arch  would 
become  a  straight  one.  In  this  case,  the  vertical  forces  which  give  stability  to  the  pier 
being  destroyed,  all  that  remains  for  sustaining  the  arch  are  the  horizontal  forces  which  will 
act  with  the  whole  weight  of  the  arch ;  whence  this  species  of  arches  must  be  such  as 
exert  most  thrust,  and  circular  arches  hold  a  middle  place  between  those  which  have  no 
thrust,  and  flat  arches,  whose  thrust  Is  infinite,  if  the  stones  whereof  they  are  formed  could 
slide  freely  on  one  another,  and  their  joints  were  perpendicular  to  their  lower  surfaces,  as  in 
other  arches. 

1 8.  The  inconveniences  which  result  from  making  the  joints  of  flat  arches  concentric 
have  been  before  noticed.  If  the  stones  could  slide  freely  on  one  another,  as  they  only  act 
in  a  folse  direction,  their  forces  could  never  either  balance  or  destroy  one  another. 

13.  A  vast  number  of  experiments  made  by  Rondelet,  upon  fifty-four  models  of  arches  of 
different  forms  and  extradosses,  divided  into  an  equal  and  unequal  number  of  voussoirs, 
showed  that  the  voussoirs  acted  rather  as  levers  than  as  wedges,  or  as  bodies  tending  to 
slide  upon  one  another. 

1 4.  As  long  as  the  piers  are  too  weak  to  resist  the  thrust  of  the  voussoirs,  many  of  them 
unite  as  one  mass,  tending  to  overturn  them  on  a  point  opposite  to  the  parts  where  the  joints 
open. 

15.  Arches  whose  voussoirs  are  of  even  number  exert  more  thrust  than  those  which  are 
of  unequal  number,  that  is,  which  have  a  keystone. 

16.  In  those  divided  into  uneven  numbers  and  of  unequal  size,  tiie  larger  the  keystone 
the  less  is  their  thrust,  so  that  the  case  of  the  greatest  thrust  is  when  a  joint  is  made  at  the 
vertex,  as  in  the  case  of  arches  whose  voussoirs  are  divided  into  equal  numbers. 

17.  A  semicircular  arch  divided  into  four  equal  parts  has  more  thrust  than  one  divided 
into  nine  equal  voussoirs. 

18.  Arches  including  more  than  a  semicircle  have  less  thrust  than  those  of  a  umilar 
span,  the  intradosses  and  extradosses  being  of  similar  fimns. 

1 9.  llirust  does  not  increase  as  the  thickness  of  an  arch  increases ;  so  th^  c<Kieria  paributt, 
an  arch  of  double  the  thickness  has  not  double  the  thrust. 
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20.  A  semicircular  arch  whose  extrados  \b  equally  distant  throuffbout 
from,  or,  in  other  words,  concentric  with,  the  intrados,  when  divided  into 
four  equal  parts,  will  only  stand  when  its  depth  b  less  than  the  eigh- 
teenth part  of  its  diameter,  even  supposing  the  abutments  inunoveable. 

21.  Whenever,  in  an  arch  of  voussoirs  of  equal  depth,  a  right  line  can 
be  drawn  from  its  outer  fulcrum  to  the  centre  of  the  extrados  of  the 
keystone  (/iff.  572.),  fracture  does  not  occur  in  the  middle  of  the 
haunches  if  the  piers  are  of  the  same  thickness  as  the  lower  part  of  the  arch. 

22.  Arches  whose  thickness  or  depth  diminishes  as  they  rise  to  the 
vertex  have  less  thrust  than  those  whose  thickness  is  equal  throughout. 

23.  Semicircular  and  segmental  arches  whose  extrados  is  an  hori- 
zontal line  have  less  thrust  than  others. 

24.  As  long  as  the  piers  in  the  models  were  too  weak  to  resist  the 
thrust,  it  was  possible  to  keep  them  in  their  places  by  a  weight  equal  to 
double  the  difference  between  the  thrust  and  resistance  of  one  pier, 
acting  by  a  string  suspended  passing  through  the  joints  in  the  middle  of 
the  haunches,  or  by  a  weight  equal  to  that  difference  placed  above  each 
middle  joint  of  the  arches,  as  in  fy.  572. 

From  these  experiments  and  many  others,  a  formula  has  been 
deduced  to  determine  the  thickness  of  piers  of  cylindrical  arches  of 
all  species  whose  voussoirs  are  of  equal  depth,  whatever  their  forms ; 
and  to  this  we  shall  now  introduce  the  reader. 


h" 
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Method. 

1391.  Having  described  the  mean  circumference  GKT  (Jigs,  573,  574.),  from  the  points 
G  and  T  draw  the  tangents  to  the  curve  meeting  in 
the  point  F.  From  this  point  draw  the  perpen- 
dicular FO  cutting  it  in  the  point  K.  This  point 
is  the  place  of  the  greatest  effort,  and  of  the  con- 
sequent failure,  if  the  thickness  of  the  piers  is  too 
weak  to  resist  the  thrust. 

1392.  Through  the  point  K,  between  the  parallels 
TF  and  GO,  draw  the  horizontal  line  IKL,  which 
will  represent  the  sum  of  the  horizontal  forces  as 
will  the  vertical  TF  express  the  vertical  forces; 
the  mean  circumference  GKT  will  express  the  com- 
pound forces. 

1393.  The  arches  having  an  equal  thickness 
throughout,  the  part  IK  of  the  horizontal  line 
multiplied  by  the  thickness  of  the  arch  will  ex- 
press the  horizontal  effect  of  the  lower  part  of  either 
arch,  and  KL  multiplied  by  the  same  thickness  will 
express  that  of  the  upper  part.  These  two  forces 
acting  in  opposite  directions  will  partly  destroy  each 
other ;  thus  transferring  IK  from  K  to  m,  the  difference  mL  multiplied  by  the  thickness 
of  the  vault  will  be  the  expression  of  the  thrust.  This  force  acting  at  the  point  K  in  the 
horizontal  direction  KH,  the  arm  of  the  lever  is  determined  by  the  perpendicular  PH  raised 
from  the  fulcrum  P  of  the  lever  to  the  direction  of  the  thrust,  so  that  its  effort  will  be  ex- 
pressed by  mL  x  AB  x  PH. 

This  will  be  resisted  -^ 

1 .  By  its  weight  represented  by  the  surfiice  EP  x  PR  multiplied  by  the  arm  of  the  lever 
PS,  determined  by  a  vertical  let  fi&ll  from  the  centre  of  gravity  Q,  which  gives  for  the 
resistance  of  the  pier  the  expression  EP  x  PR  x  PS. 

2.  By  the  sum  of  the  vertical  efforts  of  the  upper  part  of  each  arch,  represented  by  MK  x  AB 
acting  at  the  point  K,  the  arm  of  their  lever  in  respect  of  the  fulcrum  P  of  the  pier  being  KH. 

3.  By  the  sum  of  the  vertical  efforts  of  the  lower  part  represented  by  IT  multiplied  by 
AB  acting  on  the  point  T  has  for  the  arm  of  its  lever  TE.     Hence,  if  equilibrium  exist. 


PK.078. 
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mL  X  AB  X  PH  =  PE  X  PR  X  PS+  MK  x  AB  x  KH  +  IT  x  AB  x  TE. 

But  as  in  this  equation  neither  PR  (  =  BE)  nor  PS  nor  KH  nor  TE  is  known,  we  must 
resort  to  an  algebraic  equation  for  greater  convenience,  in  which 

The  effect  of  the  thrust  in  the  expression  mL  x  AB  sp 

Theheight  ofthe  pier  PE  -  -  -  »a 

EH  =  TI=KL  =  KV      -  -  -  -  «rf 

PH ^a  +  d 

EB  =  PR -XX 
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The  sum  of  the  vertical  forces  of  the  upper  part  or 

MKxAB      .....  »M 

Hie  sum  of  the  forces  of  the  lower  part  IT  x  AB  sa 

The  part  t'K  of  the  horizontal  I KL          .             .  sc 

TB  equal  to  half  the  thickness  of  the  arch            -  =e 

The  arm  of  the  lever  KH            -             .             .  ssc  x « 

That  of  TE         -             -             -             .             .  «ar-e 

Thus  the  first  equation  becomes  pa  +pd^^+m  (cxx)  +  n  (x— e). 
Or  paxptiss-j-'  +  mx  +  me  +  nx—ne. 

Transferring  the  unknown  quantities  to  the  second  side  of  the  equation,  we  shall 
have  -g-H-mx  +  nxs/Nz  +  pcf  H-ne— IM. 

Multiply  all  the  terms  by  2,  and  divide  by  a,  in  order  to  get  rid  of  .rx,  and  we 
have   x*  +  ?^^?-2f,  +  ^^*l^-2mc; 

Making  m  +  n^h,  and  adding  to  each  member  ^  for  the  purpose  of  extracting 
the  root  of  the  first  member. 

We  have  xx  +  ^  +  ^«2p  +  2E^±««^:*5f +  **. 

a       tut       ^  a aa 

Eitiacting  the  root,  *  +  5  =  \/^7^S^^«+'3  ; 
Andl«tly.,-v/2p  +  SE^tl^^=2=f+^_5. 

1394.  This  last  equation  is  a  formula  for  finding  the  thickness  of  all  sorts  of  arches 
whose  voussoirs  are  of  equal  depth,  which  we  will  now  apply  to  Jiff.  573.  The  model  was 
36  inches  and  3  lines  in  span.  The  arch  consisted  of  two  concentric  circles,  and  it  was 
divided  into  four  equal  parts,  a  vertical  joint  being  in  the  middle,  the  two  others  being 
inclined  at  angles  of  45  degrees.  The  piers  whereon  it  was  placed  were  40  inches  and  4  lines 
high,  and  on  a  very  exact  measurement  the  values  were  as  follow :  — 

PE  (a  in  the  formula)  was       .....  40*333 

£H-TIaKL-KV((iin  the  formula)          -            -            .  13-876 
ML  X  AB  (p  in  the  formula)  representing  the  thrust  or  8*127  x  3       24-381 

2/>       -.--.-..  48-762 

22xf«48*762x  13*876                -             -             -             .             .  676*621 

2MK  X  AB  X  KH  represented  by  2mc  (=^5*749  x  3  x  4*249)    -  73*282 

Sue,  which  is  IT  X  ABx  AB( -13*876x3x3)             .             .  124*824 

6«m  +  «=(MK-fIT)x  AB(«19*625x3)    -             -             .  58*875 

a  ->  EP,  the  height  of  the  pier  being  40*333,  |  will  be  ^~  or  1  459 

S         -------  -  2128 


Substituting  these  values  in  the  formuLi  x^s/^p  +  ^P^'^^^'^ +  ^^t, 

we  have  x-v/iS^^^iT???I±I^^ 

which  gives  jr«5*8,  or  5  inches  9^  lines  for  the  thickness  of  the  piers  to  resist  the  thrust  of 
the  arch,  supposing  it  to  be  perfectly  executed.  But,  firom  the  imperfection  of  the  execution 
of  the  model,  it  was  found  that  the  piers  required  for  resisting  the  thrust  a  thickness  of 
6  inches  and  3  lines. 

1395.  When  the  piers  of  the  model  were  made  7  J  inches  thick  the  arch  on  its  central 
joint  was  found  capable  of  supporting  a  weight  of  three  pounds,  being  equal  to  an  ad- 
dition of  8  superficial  inches  beyond  that  of  the  upper  parts  of  the  arch  which  are  the 
cause  of  the  thrust,  and  this  makes  the  value  of  2p  in  the  formula  56  *762  instead  of  48  *762, 

and    changes    the     equation   to     x=\/56 -762  +  ^21^111^^^5^^^  +  2*430 -1*55;  from 

which  we  should  obtain  x  =  7*366  inches,  or  7  inches  3)  lines,  exhibiting  a  singular  agree* 
ment  between  theory  and  practice.  Rondelet  gives  another  method  of  investigating  the 
preceding  problem,  of  which  we  do  not  think  it  necessary  to  say  more  than  that  it 
agrees  with  that  just  exhibited  so  singularly  that  the  result  is  the  same.  It  is  dependent 
on  the  places  of  the  centres  of  gravity,  and  therefore  not  so  readily  applicable  in  practice  as 
tliat  which  has  been  just  given. 

Second  Experiment 

1396.  Ftff.  567.,  in  a  preceding  page,  is  the  model  of  an  arch  in  freestone,  which  has  been 
before  considered.  It  is  divided  into  nine  equal  voussoirs,  whose  depth  to  the  extrados  is 
21  lines,  and  whose  interior  diameter  is  9  inches. 
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1397.   Haying  drawn  the  lines  heretofore  described,  we  shall  find  mL  x  AB  expressed 
in  the  formula  by 

;>«26'7  X  21,  which  gives  .  -  - 

And  for  2p  • 

EH  -  TI  -  KL  «  KV,  expressed  by  (i,  wiU  be 

Hen<»  Upd  .  .  -  - 

2ne,  which  is  twice  the  vertical  effort  of  the  lower  part  of 

the  arch,   multiplied  by  |  AB,  will  be  45-6  x  21  x  21, 

which  gives  -  .  - 

2me,  which  indicated  twice  the  vertical  effort  of  the  upper 


560-70 
112140 
45-60 
5113-584 


-     20109-60 


part,  multiplied  by  t'K,  will  be  18*9  x  21  x  2  x  8-4,  which 

gives  -  -  -  - 

a,  which  represents  the  height  of  the  piers,  being  1 95,  and 

&Bm  +  fi»64-5x21sld54-5, 

b      .„  , 13845 

-  will  become  ~i^ 

And  all  these  values  being  lubstituted  in  the  formula,  will  give 


6667-92 


6-94 


*-\^1121-40  + 
instead  of  28J,  before  found 


flll3ftft4-t-20l09-6-^G6679a. 
195 


+  48  163 -694  =-28 '62  lines, 


Crtometrical  ApplicaHon  of  the  foregoing, 

1398.  Let  the  mean  curve  TKG  of  the  arch  (whatever  its  form)  be  traced  as  in 
fig*.  573,  574.,  the  secant  FO  perpendicularly  to  the  curve  of  the  arch,  and  through  the 
point  K,  where  the  secant  cuts  the  mean  curve,  having  drawn  the  horizontal  line  IKL,  and 
raised  from  the  point  B  a  vertical  line  meeting  the  horizontal  IKL  in  the  point  t,  draw  t'K 
from  K  to  m,  and  the  part  mL  from  B  to  A,  and  the  double  thickness  of  the  arch  from  B 
to  n.  Let  hn  be  divided  into  two  equal  parts  at  the  point  d,  from  which  as  a  centre  with  a 
radius  equal  to  half  An,  describe  the  semi*circumference  of  a  circle  which  will  cut  in  E  the 
horizontal  line  BA  prolonged,  llie  part  BE  will  indicate  the  thickness  to  be  given  to 
the  piers  of  the  arches  to  enable  them  to  resdst  the  thrust. 

1 399.  The  truth  of  the  method  above  given  depends  upon  the  graphic  solution  of  the 
following  problem :  To  find  the  side  BE  of  a  square  which  shall  be  equal  to  a  given  sur- 
face i»L  X  2e ;  an  expression  which  is  equivalent  to  2p,  and  we  have  already  seen  that 
xa  V2p  was  a  limit  near  enough  ;  hence  we  may  conclude  that  the  thickness  BE  obtained 
by  the  geometrical  method  will  be  sufficiently  near  in  all  cases. 

Experimentt  on  eurmotmted  Arehes. 

1400.  The  interior  curve  of^^.  574.  is  that  of  a  semi-ellipsis  81  lines  high ;  it  is  divided 
into  four  parts  by  an  upright  joint  in  the  crown  and  two  others  towards  the  middle  of  the 
haunches  determined  by  the  secant  FO,  perpendicular  to  the  interior  part  of  the  curve. 
Having  traced  the  mean  circumference  GKT,  the  horizontal  IKL,  and  the  vertical  Bi, 
we  shall  find 


KL  - 
IK  - 
t'K  - 

IT  - 

MK^d  .... 

The  efieet  of  the  thrust  indicated  by  KL-tK=mL  will  be 
19)  X  9,  which  gives  for  the  expre^ion  p  of  the  formula    - 

2/>  therefore  .... 

d  being  66'5t  2pd  will  be  .351  x  66' St  which  gives 

m,  which  is  KM  x  AB,  will  be  19  x  9,  which  gives 

c,  that  is,  t'K,  being  1 7^  lines,  we  have  2me  s  1 71  x  1 7^  x  2,  which 
gives  .  .  .  - 

The  height  of  the  piers  a  . 

bf  which  expresses  the  sum  of  the  vertical  efforts  m  +  »,  will  be 
equal  to  MK  +  IT  x  AB  or  19  +  66^  x  9,  which  gives 

Hence  j=»^jg-»  which  gives  .  -  « 

And -gives  .  .  .  - 


d6f 
21  f 
171 
66l 
19 

175-5 

351 0 

23341  -5 

171-0 

5899-50 
120  OO 

769-50 
6-41 

41-11 


Substituting  these  values  in  the  formula,  r  =»  \/  ^  +  ^  ^^  "*"  ^  ""  |» 


We  have  the  equation  x  e=  y/ 351  + 


88341  5-..6899ft 

lad 


+  4111-6'41=16-77 
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lines,  or  a  little  more  than  16}  lines.     The  model  of  this  arch  would  not  however  stand 
on  piers  less  than  17  lines  thick. 

In  taking  the  root  of  double  the  thrust  the  result  is  18)  lines,  as  it  is  also  by  the  geo- 
metrical method. 

AfpHeatitm  to  the  Pointed  Areh. 

1401.  llie  model  which  /Iff,  515.  represents  was  of  the  same  height 
and  width  as  the  last,  and  the  voussoirs  were  all  of  equal  thicknets. 
Having  laid  down  all  the  lines  on  the  figure  as  before,  we  shall  find  t'K 
of  the  formula  to  be 


/ 


S^  + 


~2me     bb      b      t^       . 
-z +^\.— ^  wherem 


c         ^  *  **  —  * 

KL    - 

mL    -  -  -  -  - 

IT,  represented  by  d^         - 
MK  .  -  .  . 

AB 

laL  X  AB,  rqpresented  by  p  in  the  formula,  will 
be  14x9- 

and  9p 
2pd  will  be  252  x  65,  which  gives 
m,  which  is  KM  x  AB  or  23  x  9, 
2iii=414^  2iM«414  X  20 


«  20 

s  34 

«  14 

»  63 

=  23 

«  9 

c-  126 

=  252 
=  15876 

a  207 

ws  8280 


FiK.  d76. 


The  height  of  the  pier,  represented  by  a,  being  120,  we  have  -^^ — » 


b      774  bb 

6,or  FTx  AB,willbe86x9«774;  whence  I'^^^S'^St&nd - 


i587&-^aao 

190 


63-8; 


41  -60.     Substituting 


these  values  in  the  formula 


x=  a/252  +  63-8  +  41  -6  -6. 45- 12*46  lines  for  the  thickness  of  the  pier. 
In  taking  the  square  root  of  double  the  thrust  the  thickness  comes  out  1 5*88  lines,  as  it 
does  by  the  geometrical  method.     Experiments  showed  that  the  least  thickness  of  piers 
upon  which  the  model  would  stand  was  14  lines. 


Application  to  a  tumunmted  Catenartan  Areh. 

1402.  The  lines  are  all  as  in  the  preceding  examples  {Jig.  576.). 
The  whole  arch  acts  on  the  pier  in  the  direction  FT,  which  is  resolved 
into  the  two  forces  1/ and  Tm,  and  the  formula,  as  befiire,  is 


x-\/2p+~-5; 

thus  having  found  Bm»22^  we  have  the  value  of  /7»22}  x  9»201  ; 
and  2|pa402. 

1 403.  lliis  model  was  of  the  same  dimensions  as  the  preceding : 

^   which  represenU    T/x  AB,  will  be  769-5;  ^  will  be    6-41,  and 


b 

It' 


7»-5 

'  lao 


41  -1 1.     These  values  substituted  in  the  formula  give 


x»  a/402  +  41  11 -6-41  «14-64  lines. 


1404.   Experiment  determined  that  the  pier  ought  not  to  be  less 
than  1 6  lines,  and  the  geometrical  method  made  it  28. 

The  following  table  shows  the  experiments  on  six  different  models. 


FlR.d76. 


Fonn  of  Arch. 

Thickneti  of  the  Pl«n. 

By  experiment. 

OeometrlcaUj. 

llie  pointed 
The  catenary 
The  cydcnd 
The  pambolio 
The  elliptic 
The  caasinoid 

Lines. 
12*46 
14-64 
14-66 
15-85 
16-77 
ia'62 

Lines. 
14-00 
15-00 
15-00 
16-50 
17-00 
21-00 

Lines. 
15-88 
20-05 
17*24 
21 -SO 
18-75 
20-79 
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ThiB  table  showB  that,  in  practice,  for  sunnounted  arches,  the  limit  xa  V2p,  or  the  thick- 
ness obtained  for  the  construction  by  graphical  means  is  more  than  sufficient,  since  it  gives 
results  greater  than  those  that  the  experiments  require,  excepting  only  in  the  cassinoid ;  but 
even  in  the  case  of  that  curve  the  graphical  construction  comes  nearer  to  experiment  than 
the  result  of  the  first  formula. 

1405.  It  is  jnoreover  to  be  observed,  that  the  pointed  is  the  most  advantageous  form  for 
surmounted  arches  composed  of  arcs  of  circles.  We  have  had  occasion  to  speak,  in  our  First 
Book,  of  the  boldness  and  elegance  exhibited  in  this  species  of  arches  by  the  architects  of 
the  twelfth  and  thirteenth  centuries ;  we  shall  merely  add  in  this  place  that  where  roofe  are 
required  to  be  fire-proof,  there  is  no  form  so  advantageously  capable  of  adoption  as  the 
pointed  arch,  nor  one  in  which  solidity  and  economy  are  so  much  united. 

1406.  Next  to  the  pointed  arch  for  such  purpose  comes  the  catenary  (the  graphical 
method  of  describing  which  will  be  found  under  its  head,  in  the  Glossary  at  the  end  of  the 
work),  and  this  is  more  especially  useful  when  we  consider  that  the  voussoirs  may  all  be  of 
equal  thicknc 


Application  of  the  Method  to  turbasod  Arehe$,  or  those  whoee  Hiee  U  leu  thtm  the  HaJf  Span, 

1 407.  For  the  purpose  of  arriving  at  just  conclusions  relative  to  surbased  arches,  three 
models  were  made  of  the  same  thicknesses  and  diameters,  with  a  rise  of  35  lines,  and  in 
form  elliptical,  caasinoidal,  and  cycloidal.  We  however  do  not  think 
it  necessary,  from  the  similarity  of  application  of  the  rules,  to  give 
more  than  one  example,  which  is  that  of  a  semi-ellipse  ififf-  577.), 
in  which,  as  before,  the  formula  is 


'  a  tut     a 

The  lines  descrilxMl  in  the  foregoing  examples  being  drawn,  we  have 

KLs45'5 
tK=.  8-5. 


24-84 
14-66 


333-00 
666-00 


IT,  represented  by  d  in  the  formula,         -  -  » 

MK        .  -  - 

mL  X  AB  representing   the   thrust  (37  x  9)  gives 
the  value  of  p  -  -  -  -   « 

2p  therefore        -   = 
TI,  represented  by  <2,  being  24*84,  we  have  2pd    .  .  . 

m,  which  is  KM  x  AB,  will  be  14-66  x  9,  which  gives 

e,  representing  t  K,  being  8  *5,  2mc  ... 

b,  which  expresses  the  sum  of  the  vertical  efforts  m-i-  n(39'5  x  9)  - 

a,  being  always  1 20,  j  —  -j^q-  is    - 

Lastly,  ^   - 


bb 


16543-44 

131-94 

2242-94 

355-50 

2-96 
8-76 


Substituting  these  values  in  the  formula,  we  have 


x»  s/666  4 


16'i43-44-'224*-94 


180 


+  8 -76  -  2-96  »  25 '22  lines,  or  a  little  less  than  25}  lines. 

1408.  In  the  modd  it  was  found  that  a  thickness  of  26  lines  was  necessary  for  the  pier, 
and  the  lower  voussoirs  were  connected  with  it  by  a  cementing  medium.  Without  which 
precaution  the  thickness  of  a  pier  required  was  little  more  than  one  tenth  of  the  opening. 
Taking  the  square  root  of  double  the  thrust,  that  is,  of  666,  we  have  25*81,  about  the  same 
dimension  that  the  graphical  construction  gives.  The  experiments,  as  well  as  the  applica- 
tion of  the  rules,  require  the  following  remarks  for  the  use  of  the  practical  architect 

1409.  I.  The  cassinoid,  of  the  three  curves  just  mentioned,  is  that  which  includes  the 
greatest  area,  but  it  causes  the  greatest  thrust.  When  the  distance  between  the  intrados 
and  the  extrados  is  equal  in  all  parts,  it  will  only  stand,  supposing  the  piers  immoveable,  as 
long  as  its  thickness  is  less  than  one  ninth  part  of  the  opening. 

1410.  II.  The  cycloid,  which  includes  the  smallest  area,  exerts  the  least  thrust,  but  it 
can  be  usefully  employed  only  when  the  proportion  of  the  width  to  the  height  is  as  22  to 
7  in  surbased  arches,  and  in  surmounted  arches  as  14  to  1 1.  The  smallest  thickness  with 
which  these  arches  can  be  executed,  so  as  to  be  capable  of  standing  of  themselves,  is  a  little 
more  than  one  eighteenth  of  the  opening,  as  in  the  case  of  semicircular  arches. 

141 1.  III.  The  ellipsis,  whose  curvature  is  a  mean  between  the  first  and  second,  serves 
equally  well  for  all  conditions  of  height,  though  it  exerts  more  thrust  than  the  last-men- 
tioned and  less  than  the  cassinoid. 

1412.  It  is  here  necessary  to  remark,  that  too  thin  an  arch,  whose  voussoirs  are  equal  in 
depth,  may  fiUl,  even  supposing  the  abutments  immoveable,  and  eq>ecially  when  surbased ; 
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because,  when  once  the  parts  are  displaced,  the  force  of  the  superior  parts  may  lift  up  the 
lower  parts  without  disturbing  the  abutments. 

Raking  Arches. 

1413.  Let  AC  A'  (^fig.  578*)  be  the  model  of  a  raking  arch  of  the  same  diameter  and 
thickness  as  the  preceding  example,  the  voussoirs  of  equal 
thickness,  and  the  piers  of  different  heights,  the  lowest  being 
10  inches  or  120  lines  in  height,  and  the  other  14^  inches  or 
174  lines.  The  tangent  at  the  summit  is  supposed  parallel 
to  the  raking  lines  that  connect  the  springing. 

1414.  This  arch  being  composed  of  two  different  ones, 
the  mean  circumference  on  each  must  be  traced,  and  each 
has  its  separate  set  of  lines,  as  in  the  preceding  examples ; 
the  horizontal  line  KL  of  the  smaller  arch  is  produced  to 
meet  the  mean  circumference  of  the  other  in  S,  and  the  in- 
terior line  of  its  pier  in  g. 

1415.  The  part  KLS  represents  the  horizontal  force  of 
the  part  of  the  arch  K6S,  common  to  the  two  semi-arches ; 
so  that  if  a  joint  be  supposed  at  S,  the  part  LK  represents 
the  effort  acting  against  the  lower  part  of  the  smaller  arch, 
and  LS  that  against  the  lower  part  of  the  larger  arch. 
These  parts  resist  the  respective  efforts  as  follows :  the 
small  arch  with  the  force  represented  by  tK,  and  the 
greater  one  with  the  force  represented  by  ^S.  But  as  ^S 
is  greater  than  LS,  transfer  LS  from  ^  to  /  to  obtain  the  difference  /S,  which  will  show 
bow  much  LS  must  be  increased  to  resist  the  effort  of  the  larger  half  arch ;  that  is,  the 
effort  of  the  smaller  one  shoold  be  equal  to  Lf ;  but  as  this  last  requires  for  sustaining 
itself  that  the  larger  one  should  act  against  it  with  an  effort  equal  to  KL,  this  will  be 
the  difference  of  the  opposite  effort,  which  causes  the  thrust  against  the  lower  part  of 
the  smaller  arch  and  the  pier  from  whence  it  springs.  Hence,  transferring  /L  from  L 
to  q,  taking  the  half  of  iq  and  transferring  it  from  L  to  A,  the  part  AK  multiplied  by  the 
thickness  AB  will  be  the  expression  for  the  thrust  represented  by  p  in  the  formula 


8R 


PlK.578. 


2p  + 


aa 


Having  found  AK:=30}and  AB»9,  we  have  for  the  value  of  p  SO^x  9»S74^  and  for 
that  of  2p  -549,  d  which  represenU  IT,  being  29^,  2/K/a  1 61 95J.  In  2mc ;  m,  which  repre- 
sents MK  X  AB,  will  be  12^  X  9  =  111,  and  2m»222. 

e,  which  represents  t'K,  being  8,  we  have  2mc^222  x  8esl776. 
The  height  of  the  pier  represented  by  a  being  1 74,  we  have 

*fc*-£_!5!i!^^« 82-81 


The  vertical  effort  represented  by  6,  or  TF  x  AB,  will  be  41)  x  9b375, 
-  «flj  becomes  ----.. 


and 


aa 


-  «    215 

-  ^    464 


Substituting  these  values  in  the  formula,  we  have 

X  «  'v/^549  + 82-81  +  4  -64 — 2  -1 6  « 23  "08  for  the  thickness  of  the  greater  pier  from 
which  the  smaller  semi-arch  springs. 
For  the  half  of  the  greater  arch,  having  produced  the  horizontal  line  IK'L',  make 
K>  equal  to  VL',  and  bisect  rL'  in  / ;  the  line  K7  represents  the  effort  of  the 
smaller  against  the  greater  arch,  which  resists  it  with  a  force  shown  by  i'Yi' : 
thus  making  KY  equal  to  •'K,  the  effort  of  the  thrust  will  be  indicated  by 
^t  X  AB,  whose  value  p  in  the  formula  will  be 

20x9-180,  and  2p  -  -  -  -  »     360 

d,  which  is  TI,  being  69},  9pd  will  -  -  » 25080 

In  2fMc,  m  being  26  x  9  —  234^  and  c  being  23),  2mc  —10842 

a,  the  height  of  the  smaller  pier      -  -  -  —     120 

We  have  ^^^--^^^^TiJ^',  which  becomes        -  =  118-65 

-  «  861 

-  -  51-48 
Substituting  these  values  in  the  formula,  we  have 


a  IfiO 

h,  which  is  TF  X  AB,  will  be  95}  x  9 


7-175,  and  ^ 


^^360+  118-65  -^5r'48-7175-15*855  Imes  for  the  thickness  of  the  smaller  pier. 
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Taking  the  square  root  of  double  the  thrust,  we  should  have  for  the  larger  pier  23*44  lines, 
and  for  the  smaller  one  19  lines.  In  the  geometrical  operation,  for  the  larger  pier  make 
Dm  equal  to  AK  and  Bn  equal  to  2AB  ;  then  upon  un  as  a  diameter  describe  a  semicircle 
cutting  the  horizontal  line  BA  produced  in  £.  BE  will  be  the  thickness  of  the  pier,  and 
will  be  found  to  be  23|  lines.  For  the  smaller  pier  make  B'u'  equal  to  ^t  and  Wn'  equal 
to  2A'B'.  Then  the  semicircumference  described  upon  wi  as  a  diameter  will  giye  19  lines 
for  the  thickness. 

1416.   By  the  experiments  on  the  model  22  lines  was  found  to  be  the  thickness  necessary 
for  the  larger  pier,  and  18  lines  for  the  smaller  one. 


Arch  with  a  level  Extradoe. 

1417.  The  model  of  arch  ^^.579.  is  of  the  same  opening  as  the  last, 
but  with  a  level  extrados,  serving  as  the  floor  of  an  upper  story.  The 
thickness  of  the  keystone  is  9  lines.  To  find  the  place  of  fracture  or 
of  the  greatest  effort;  having  raised  from  the  point  B  the  vertical  BF 
till  it  meets  the  line  of  the  extrados,  draw  the  secant  FO  cutting 
the  interior  circumference  at  the  point  K,  and  through  this  point 
draw  the  horizontal  IKL  and  the  vertical  HKM 

The  part  CDKF  will  be  that  which  causes  the  thrust,  and  its  effort 
is  represented  by 

KL,  which  will  be  found             -                -  -  »  35*14 

FH  =»  TK,  which  is  c  in  the  formula,  will  be  -  «  18*86 

The  arch  or  circumference  KD  of  10°  36'  -  «  38*28 

The  arch  KB              -                 -                 -  -  =  46*57 

The  arch  DKB           -                 -                 -  -  -i   84*85 

KH,  represented  by  d,                -                 -  -  »   22 

The  vertical  HKM    -                 -                 -  -  b  63 

The  height  of  the  pier,  represented  by  a  in  the  formula,  s   183                   Fiic.ft79. 

The  area  of  the  upper  voussoir  FKCDs 667*44  ;  but  as  the  load  of  the  haunches  u  borne 

by  the  inferior  voussoir,  we  must  subtract  the  triangle  FKH  =  *^^^= 207*46.     The 

remainder  459*98  multiplied  by  KL  and  divided  by  the  arc  KD,  that  is,  ^^^^|^«» 
422*24,  represents  the  effort  of  the  upper  part 

1 41 8.  That  of  the  lower  part,  represented  by  ^^^^  '^, 


P  8R 


.     CSIOZx  18*86 
"  46.57       » 


which  becomes 


263*67.     The  difference  of  the  two  efforts = 158*57  wiU  express  the  thrust  or  p  of  the 
formula,  and  we  have  2p  >=  31 7  *1 4. 

1 41 9.  The  piers  being  supposed  to  be  continued  up  to  the  line  EC  of  the  extrados  will  be 
greater  than  the  arm  of  the  lever  of  the  thrust  which  acts  at  the  point  K.  Tlius  the  ex- 
pression of  the  arm  of  the  lever,  instead  of  being  a  +  d^  as  in  the  preceding  examples,  will  be 

a  —  dt  and  the  ugn  of  -^  must  be  changed.   In  numbers,  — ^^ —  »  38  *1 2 ;  therefore,  in  the 

formula,  +  -^  becomes  —  38  *1 2. 

1420.  In  the  preceding  examples,  2mc,  which  represented  double  the  vertical  effort  of  the 
superior  voussoir  multiplied  by  the  arm  of  its  lever,  becomes  nothing,  because  it  is  comprised 
in  the  addition  made  to  the  lower  voussoir ;  so  that  the  formula  now  is 


'        a       aa     a 
b,  then,  which  always  expresses  the  vertical  effort  t>f  the  half  arch,  is  therefore 


111105x63 


824*94 ;  and  for--  we  have 


84-85  "*'  *^ »  ""**  '"'a  ^^  """"     183 

Substituting  these  values  in  the  last  formula,  we  shall  have 


®*'^-4*5,and  "-20*25. 


x=V319*14-3812 +  20*25 -4*5  =  12*88  lines. 

Experiment  gives  14  lines  as  the  least  thickness  that  can  be  relied  on. 

To  find  the  thickness  by  the  geometrical  method,  make  Km  equal  to  IK  and  Bh  equal  to 
mL,  Bn  to  double  CD,  and  upon  nA  as  a  diameter  describe  the  semicircumference  cutting 
the  horizontal  line  OB  produced  in  A  :  then  BAs  17j  lines  is  the  thickness  sought 

1421.  Rondelet  proves  the  preceding  results  by  using  the  centres  of  gravity,  and  makes 
the  result  of  the  operation  12*74  instead  of  12*80,  as  first  found.  But  the  difficulty 
of  finding  the  centres  of  gravity  of  the  different  parts  is  troublesome ;  and  with  such  a 
concurrence  of  results  we  do  not  think  it  necessary  to  enter  into  the  detail  of  the  Opera- 
tion. 


A  different  jlppUtatiot  of  lAt  prtttdtttg  BiampU. 

1 4S3.  'Dte  model  {fy.  580. )  u  in  krch  dmilar  to  thai  of  the  pre- 
ceding eimnple,  having  a  alor;  (bote  it  fotmed  by  two  walls, 
wboK  height  i>  100,  uid  the  whole  covered  bj  «  timber  roof. 
The  object  of  the  inveaUgation  is  to  aacertain  what  change  maj 
be  made  in  the  thicluieaa  of  the  piers  which  are  atreogthened  io 
their  reidstance  by  the  additioniJ  weight  upon  them. 

1433.  llieiuniplestmethodofproixeiUng  it  to  consider  the  upper 
walla  as  prolongstioni  of  the  picn. 

1434.  In  the  model  the  walls  were  made  of  plaster,  and  their 
weight  was  thoa  reduced  to  )  of  what  Ihej  would  have  been  if  of 
the  itoue  used  fot  the  models  hitherto  described.  The  roof  weighed 
IS  ounces.  We  shall  therefore  hate  that  100,  which  in  sione  would 
have  represented  the  weight  of  the  wall^  from  the  difference  in 
weight  of  the  plaster,  reduced  to  TS.  In  respect  of  the  roof;  which 
weighed  I S  ounces,  having  found  bf  CTperinunt  that  it  was  equal 
to  an  area  of  576  lines  of  the  stone,  both  being  reduced  to  equal 
Ihiiliiii  airi.  we  liBTe  12  ounces,  equal  to  an  area  of  13-82  whose  half 
6'dl  must  be  added  to  that  of  the  Tertioal  efforts  represented  hjr  A  In 
-  and  jj    Changing  these  terms  into  -  and  ^  the  formula  becomes 


3T>^ 


.-  v' «.-!?■.;; 


The  height  of  the  piei 


Cs  value,  therefore  9p  (as  in 
d,  the  differenoe  between  the  height  of  the  pier  ai 

HeBce,^-^"-'-?  =  77'S!8. 
h,  beoomea  750-69  +  691  ^  1441  -69. 


And^: 


r-5-Sl 


Again,  r^— 31  -22. 
Suhctituting  these  values  in  the  fbnnula,  we  shall  have 

*=  V265 -66-77-28  + 31-22— S-58- 9-15. 
Id  the  model  a  thickness  of  11  lines  was  found  sufficient  to  resist 
the  root  of  double  the  thrust  the  remit  is  1 3  line*. 

1425.    By  the  geometrical  method,  given  iu  the  last,  taking  fron: 
there  fbund,  the  value  of  ^,  that  is,  j -58,  the  remainder  II J 
lines  is  the  thickness  sought. 

1436.  It  maybe  here  observed,  that  in  carrying  up  the 
walls  above,  if  they  are  set  back  from  the  vertical  BF 
in  hff  the  model  required  their  thickness  to  be  only  6 
tinea,   because  this  species  of  false  bearing,  if  indeed  it 

This  was  a  practice  constantly  resorted  to  in  Gothic 
architecture,  as  well  as  that  of  springing  pointed  arches 
tn^  corbels,  for  the  purpose  of  avoiding  eitra  thickness 
in  the  walls  or  piers.  . 

adifftraiHg 

I4ST.  The  model  (^.  5BI.)  represents  an  ardi  of  II 
voiusoiis  whereof  10  are  with  eroisettes  or  etbova,  which 
give  them  a  bearing  on  the  adjoining  horiioncal  courses; 
the  eleventh  being  the  keystone.  The  opening  is  9  inches 
or  108  lines,  as  in  the  preceding  eiamplea, 

1428.  Having  drawn  the  lines  BF,FC,  the  secant  FO, 
and  the  horiiontal  line  IKL,  independent  of  the  five 
eourtea  above  tbe  line  FC  of  the  eitrados,  we  have 


tie  thrust,  and  taking 
the  result  1 7  j  lines. 
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KL 

a 

30 '73 

IK 

a 

23-27 

OC- 

-BF 

^ 

78  OO 

The  arc 

KD 

8 

32-70 

The  arc 

KB 

a 

52-15 

KG 

a 

33-59 

a. 

the 

height  of  the 

pier, 

»] 

198-Oa 

Hie  area  KFCL  of  the  upper  part  of  the  arch  will  be  1223-10,  from  which  subtracting 
that  of  the  triangle  FKG,  which  is  590-82,  the  remainder  832*28  being  multiplied  by 
30-73  and  divided  by  32-7  makes  the  effort  of  this  part  782-44. 

1429.  Tlie  area  of  the  lower  part  is  697 -95,  to  which  adding  the  triangle  FKGsr390-82, 
r  have  1068-77,  which  multiplied  by  23-27  and  divided  by  52-15,  gives  485-82  for  ite 
The  expression  of  the  tiirust,  represented  by  p  in  the  formula, 


we 
effort. 


r-aV2/>— ^  +  —  — ^  being  equal  to  the  difference  of  these  two  efforts, 
will  be  296*62,  and  twice  p         -  -     » 593 -24 

d,  representing  KG,  being  -  •     «  33*59 

we  have  S^»  19926*93,  and  ^  .     » 100-64 

b,  representing  the  sum  of  the  efforts  of  the  semi-arch,  will  be  ^^^|^  =  1762*03 

b      176*8      «_    ._j    bb 

-  sr      79-21 


198     -^^    •"^  aa 


Substituting  these  values  in  the  formuh^  we  have  the  equation 

x^  ^/593*24 - 100*64  +  79*2i  -8-9«15-01. 

By  taking  double  the  square  root  of  the  thrust  the  result  is  23*91,  a  thickness  evidently 
too  great,  because  the  sum  of  the  vertical  efforts,  which  are  therein  neglected,  is  con- 
siderable. 

1430.  The  geometrical  method  gives  1 9  lines.  The  least  thickness  of  the  piers  from 
actual  experiment  was  16  lines. 

1431.  Rondelet  gives  a  proof  of  the  method  by  means  of  the  centres  of  gravity,  as  in 
some  of  the  preceding  examples,  from  which  he  obtains  a  result  of  only  13-26  for  the  thick- 
ness of  the  piers. 


ConsideraiwH  of  an  Arch  whote  Voutaoirt  increase  towardt  the  Springif^, 

1432.  The  model  {fig.  582.)  has  an  extrados  of  segmental  form  not 
concentric  with  its  intrados,  so  that  its  thickness  increases  from  the 
crown  to  the  springing.  The  opening  is  the  same  as  before,  namely, 
9  inches,  or  1 08  lines.  The  thickness  at  the  vertex  is  4  lines,  towards 
the  middle  of  the  haunches  7)  lines,  and  at  the  springing  14|  lines, 
llie  centre  of  the  line  of  the  extrados  is  one  sixth  part  of  the  chord 
AO  below  the  centre  ot  the  intrados ;  so  that 

The  radius  DN  »  68  -05 

KL»38-18 

IK=r  15*82 

The  arc  BK=:KC  142*43 

1433.  The  area  KHDC  of  the  upper  part  of  the  arch  is  258*75i 
that  of  the  lower  part  BAHK  486*5 ;  hence  the  effort  of  the  upper 

part  IS  represented  by  the  expression 


4^-43 


232-47. 


1434.  The  half  segment  A  Be  being  supposed  to  be  united  to  the 
pier;  BeHK, whose  area  is  178,  i^  the  only  part  that  can  balance  the 


upper  effort ;  its  expression  will  be 


17R><Jl8r82 
42-43 


»  66-24.     The  difference 


of  the  two  efforts  166-23  will  be  the  expression  of  the  thrust  represented  by  p  in  the 
formula 


Thus^  . 
IB-  KL,  indicated  by  <2, 
Which  makes  the  value  of  2pd 

TTie  vertical  effort  of  the  upper  part  indicated  by  m«a :     ^ 

and  for  2pm 
The  value  of  c  being  15-82,  we  have  2mc 


858*76x1582 


-  332-46 
B  38-18 
» 12693 -92 

«        96-30 

=  192  60 
«i   3046-50 


The  height  of  the  pien  beiDg  (till  120,  <re  hsTe 


b,  irhioh  iodicBlea  the  Tertical  eSbrt  of  the  half  arch  repre- 

■eoted  by  FB,  will  be  *— Jr^^  ■  -      —     473-48 

;=^*  -  -  -  ■      -  3-95 

•nd^  -     —        IS'56 

Titese  mluea  beiuK  aubitttuted  m  the  fbnnula,  *iU  give 

i=  v'33S-46  +  80'39  +  I5-66-3-9S- 16-74  Uoe& 

1435.  Tbe  mullest  thisknea  of  pier  that  would  lupport  the  arch  in  the  model  mt 

1436.  With  Ibc  geometrical  method,  instead  of  the  double  of  CD,  make  BA  double  the 
meao  thiokneH  H  Ki  and  Ba  equal  to  laL,  and  on  aA  ■■  a  diameter  deierihe  the  semicir. 
Dumtercnce  cutting  OB  produced  in  E  ;  then  EB—  I8J  line*  will  be  the  thiokneaa  sought. 

1437.  If  the  pier  is  continued  up  to  the  point  c  where  the  thicknen  of  the  arch  is  dis- 
engaged from  the  pier,  the  height  of  the  pier  represented  in  the  formula  h j  a  will  be  1 51  -S 
instead  of  120,  aod  the    diflerence   A,   instead  of  being   ^-~b^-'—i  vi]|  he  only  — ^t^ 
=  277  ■46. 

14SS.  d,  eipresaed  bj  It,  will  he  6  5,  all  the  other  values  renuinlDg  the  aune  as  in  the 
preceding  article,  the  equation  is 

*-  y33B-46  -5'7H-  4-2=  16-31, 


1 440.  In  the  preoeding  examples  arches  have  been  considered  rather  as  arcades  standing 
on  pien  than  as  vaults  supported  by  walla  of  a  certain  length.  We  are  now  about  to  con- 
uder  tbem  in  this  last  respect,  and  as  serving  to  cover  the  space  enclosed  by  the  walls. 

In  respect  of  cylindrical  arches  supported  by  parallel  walls,  it  is  manifest  that  the  re- 
ustance  they  present  has  no  relation  to  their  length;  for  if  we  suppose  the  length  of  the 
vault  divided  into  an  infinite  number  of  pieces,  as  C,  D,  E,  &c.  ( _flg.  £S4.  No.  2. ),  we  shall 
find  for  each  of  theae  pieces  the  same  thickness  of  pier,  bo  that  all  the  piers  together  would 
form  a  wall  of  the  same  thickness.  For  this  rrason  the  sur&:es  only  of  the  arches  and 
pifTS  have  been  hitherto  considered,  that  is,  as  profiles  or  sections  of  an  arch  of  any  given 
length.  Consequently  it  may  he  said  that  the  thickness  of  wall  tbund  for  the  prolile  in 
the  section  of  an  arch  would  serve  for  the  arch  contiaued  in  length  infinitely,  supposing 
•uch  voIIh  isolated  and  not  terminated  or  ratlier  filled  hy  other  walls  at  their  ends.  When 
cylindrical  walls  are  (entunsted  hy  walls  at  their  extremities,  after  the  manner  of  gable 
enda,  it  is  not  diflicuU  to  imagine  that  the  less  distant  these  valU  ore  the  more  they  add 
stability  to  those  of  (he  arch.  In  this  esse  may  be  applied  a  rule  which  we  shall  hereafter 
mentioii  more  at  length  under  the  following  section  on  Walls. 

1441.  If  in  any  of  the  eiamples  (jl;.  583.  foi  instance)  PR  be  produced  indefinitely  to 
the  light,  and  from  R  on  the  line  so  produced  the  length  of  the  wall  supporting  the  arch 
be  set  out,  and  if  Ivom  the  extremity  of  such  line  another  be  drawn,  as  TB  produced 
through  B,  indefinitely  towards  a,  and  B<j  be  made  equal  to  the  thickness  of  the  pier  first 
found,  a  vertical  line  let  &11  from  a  will  determine  the  thickness  sought.  'H'hen  arches 
are  connected  with  these  cros  walls,  the  effect  of  the  thnist  may  be  much  diminished  if 
tbey  are  not  very  distanL  If  there  be  any  openings  in  the  walla,  double  the  length  of 
them  must  be  added  to  that  of  the  wall  as  well  as  of 

any  that  may  be  iutroduccd  in  the  gahle  wall. 

1443.  fig.  5S3.  represents  the  mode  in  which  an  arch 
Uls  when  the  piers  are  not  of  sufficient  strength  to  resist 
thetbnist:  theyopenon thelowerpsrt oflhesummitat DM 
and  on  the  upper  part  of  the  haunches  at  HN;  from  which 
we  may  infcr  that  the  thrust  of  an  arch  may  be  deatroyed 
by  cramping  the  under  side  of  the  voussoirs  near  the 
summit  and  the  upper  side  of  those  towards  the  middle  of 
the   haunches ;  and  this  method  is  greatly  preferable  to 

no  effect  in  preventing  a  failure  on  the  underside.  Chains 
at  the  springing  will  not  prevent  &ilure  in  arches  whose 
'  rs  are  of  equal  depth  but  that  loo  small,  inasmuch 

'  in fi-om  them  agMnst  the  bulging  f.c.im 
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that  iBkn  plue  at  the  haunchea.  like  ■  hoop  loaded  irben  its  ends  arc  flied.  The  moM 
■dvantngcous  poiition  for  BchnintDoppoK  Ihe  offbrt  of  an  uch  is  to  let  il  pasi  through  the 
point  K  where  the  elTorta  meet.  PC  is  the  tai^tent  before  failure,  and  O  Ihe  centre ;  R 
being  the  inner  point  of  the  pier. 


the  thii 
thicknea 
dries]  an 


■  M.  Fretier,  in  speaking  of  the  thrui 
kn«»  of  Che  piers  whieh  will  suppoi 
a  suitable  to  each  part  of  the  cylin- 
irch  BN,  BK  (No.  3.  fig.  284.)  b; 
!  groin  is  formed,  making  BE  the 
suiUble  to  the  aich  BN,  and  BF 




C^.. 

^'-"'"^ 

and  190  lines  high;  but  eipcrience  proves 
that  a  similar  anSi  will  scarcely  Maud  with 
piers  44  lines  square,  the  urea  of  whose  buses 
are  four  times  greater  than  that  proposed  by 
M.  Freiier. 

MtAodfor  jroitud  VaiUling. 

1444.  The  model  in  this  case  (see  (he 
last  figure)  is  9  inches  in  Ihe  opening,  vous- 
•oirs  equal);  thick,  being  9  lines,  standing 
upon   ftiur   piers   10   inches  or   190  lines 

1445.  The  groin  is  formed  by  two  cy-  n«.M<. 

lindrical  arches  of  Ihe  same  diameter  crossing  at  right  angles,  as  represented  in  No.  3.  of  Ihe 
figure.  The  four  portions  of  the  vaiUt  being  similsr,  the  calculation  far  one  piet  will 
be  sulficient. 

1446.  On  the  profile  No.  1.  of  the  figure  describe  the  mean  circumference  TKG,  draw  the 
tangents  FT  and  FC,  and  the  secant  FOond  the  horiiontal  line  IKL.  Draw  the  vertical 
Bi,  and  NG  and  KI  on  the  plan  (No.  3.)  equal  to  KL 

1447.  In  the  foregoing  examples  for -arches  and  cylindrical  vaulting  there  has  been  no 
necessity  to  consider  more  Ihsn  the  surface  of  the  profiles,  which  are  constantly  the  same 
throughout  their  length ;  but  the  species  of  vault  of  which  we  are  now  treoung  being 
composed  of  triangular  gores  whose  profile  changes  at  every  point,  we  shsll  be  obliged  to 
use  the  cubes  lusted  of  the  areas  of  squares,  and  to  substitute  surbces  for  lines.  Thus  in 
viewing  the  triangular  part  KBO,  the  sum  of  the  horiiontal  efforts  of  the  upper  part  rf 
this  portion  of  the  vsult,  represented  in  the  profile  by  KL,  will  be  represented  in  plan  by 
Ihetrapeiium  KILO. 

I44B.  The  sum  of  those  of  the  lower  part  iK  in  the  profile  is  represented  in  plan  by 
BIL.  The  thrust  is  eipiessed  by  the  difference  of  the  area  of  the  trapezium  and  of  the 
triangle  multiplied  by  the  thickness  of  the  vault ;  thus,  KB  ind  KO  of  the  plan  being  54. 
Ihe  superficies  of  the  triangle  BKO  will  be  54 '37 ''1 458;  the  part  BK  of  the  plan  being 
equal  to  IL,  and  Bt  to  iK  of  the  profile  =  1 3^  the  area  of  the  triangle  BIL,  indicating  the 
sum  of  the  horiiontal  efforts  of  the  upper  part,  will  be  12,^x6^^79)]. 

1449.  We  obtain  the  area  of  the  trapeiium  KILO  by  subtracting  that  of  the  amall 
triangle  BIL  from  the  greater  triangle  BKO,  that  is,  794}  ^™  '^^  '  ^^  remainder 
137S^,  gives  the  horiionCsl  eiTotl  of  the  upper  port  i  lastly,  subtracting  79^1  from  1378^ 
the  remsJoder  1298^  will  be  Ihe  eiprcssion  of  the  thrust  whose  value  is  found  by  iDulli- 
plying  1298Aby9  =  IlG83|,  which  is  the  p  of  the  formula. 

Letting  a  always  stand  for  the  height,  and  d  for  TI  of  the  profile,  the  arm  of  the  lever  of 
the  thrust  will,  as  before,  be  a  +  il,  and  its  algebraic  expression  be  pa  +pd. 

1450.  The  pier  resists  this  elTort  by  its  cube  multiplied  by  the  arm  of  its  lever.  If  the  line* 
KR  and  OB  of  the  triangle  BKO,(wbich  represents  the  projection  of  that  paM  of  the  vault  for 


thrust  will  be  re 

therefore,  letting  a  represent  it 


•a  of  tbe  triangle  will  be  expressed  by  ^,  Hie 
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height  of  the  pier  being  a,  its  cube  will  be  ^.  The  arm  of  the  lerer  of  this  pier  will  be 
determined  by  the  distance  of  the  yertical  let  fidi  from  its  centre  of  gravity  on  the  line 
HF  w  |,  which  gives  for  the  pier*s  renstance  ^"* 

1451.  This  resistance  will  be  increased  by  the  vertical  effort  of  each  part  of  the  vault 
multiplied  by  the  arm  of  its  lever. 

That  of  the  upper  part  will  be  expressed  by  its  cube  multiplied  by  the  vertical  KM, 
and  the  product  divided  by  the  mean  arc  KG. 

The  cube  of  this  part  will  be  equal  to  the  mean  area;  that  is,  the  arc  KG  multiplied 
by  the  thickness  of  the  vault 

1452.  To  obtain  the  mean  area,  multiply  KG  less  KM  by  the  length  GO  taken  on  the 
pUm.  The  length  of  the  arc  KG  being  46  and  KM  17f  we  shall  have  KG— KM=:s  28f ; 
GO  being  54,  the  mean  area  will  be  28fx  54s  1558.  This  area  multiplied  by  9,  the 
thickness  of  the  vault,  makes  the  cube  of  the  upper  part  1 40241^  which  multiplied  by 
KMb17|  and  divided  by  the  arc  KGb46,  makes  5226\  the  value  of  the  vertical  effort 
of  the  part  of  the  arch  m  in  the  formula ;  and  the  arm  of  its  lever  is  IK  +  t'H. 

145S.  IK  being  ^e  and  t'Hax,  its  expression  will  be  mx  +  fiM;. 

The  vertical  effort  of  the  lower  part  will  be  represented  by  its  cube  multiplied  by  TI, 
and  the  product  divided  by  the  length  of  the  arc  TK. 

This  cube  will  be  found  by  multiplying  the  mean  area  by  the  thickness  of  the  vault 
The  area  being  equal  to  the  arc  TK— TIx  GO,  that  is,  46  —  41  ^  x  54  =>  250|  for  the 
mean  area  and  850f  x  9»2256f  for  the  cube  of  the  lower  part  of  the  vault     Inis  cube 

multiplied  by  TI  and  divided  by  the  arc  TK  gives  ?^^J*— ^=r2028|  for  the  value  of 

^e  vertical  effort  of  the  part  n  of  the  formula.  And  it  is  to  be  observed,  that  this  effort 
acting  against  the  point  B,  the  arm  BF  of  the  lever  will  be  x  and  its  expression  nx, 

1454.   Bringing  together  all  these  algebraic  values  we  obtain  the  equation  pa-^-pds^-^ 

+  mx  +  me  +  Hxi  and  making  m  +  ni  which  multiplies  x^b,  we  have  pa  -^-pd^  -g-  4-  £cr  + 

mc     TV«nsferring  IRC  to  the  other  side  of  the  equation,  we  have  pa+jxf— iiica>^  +  6x. 

lastly,  multiplying  all  the  terms  of  the  equation  by  -  for  the  purpose  of  eliminating  «9, 

we  shall  have  instead  of  the  preceding  formula  6p  +  ^~^^^ssx^  +  -^,  which  is  an  equation 
of  the  third  degree,  whose  second  term  is  wanting.  For  more  easily  resolving  this  equa- 
tion, let  us  find  the  value  of  6p  +  ^^^=^  and  that  of  ^,  by  which  x  is  mult^Ued  in  the 
seeond  part  of  the  equation. 

pbeingll68Sf  6pwillbe  •  -  -  -     »     70069f 

il  being        41  A,  6jxf  will  be  ....     ^  28991 24} 

m  being   5226],  6m€  .  -  -  -  .     «-  53759S{ 

Thus  ®£lz^«???lf5-'='19«79A,  and  6/>  +  ^^~  ^""^=897794,  which  we  wUl  call  g, 
a  120  "a  ' 

for  the  purpose  of  simplifying  the  remainder  of  the  calculation. 

h,  which  represents  at  +  a,  will  be  5226}  +  20S8J  »  7255],  and  ^ =^^»  362} ;  this  we  will 

call  /;  so  that  instead  of  the  equation  6p  +  ^"^ —  «  *5  +  —,  we  have  y  «=ap5  +fx,  which  is 
thus  to  be  resolved  (Bossut,  Elemeiu  tTAfgebrd)  j  — 

Subatituting  in  thb  formula  the  values  of  ^  and/,  we  have 


«-  ^44889|  +  V201507362S  +  1 767902  +  ^^448891  -  ^201 5073623  +  1767902* 

V  i^44869f  +  44909f  +  V44889I  -  44909f ,  from  which  extracting  the  cube  roots,  we  have 
«»44i— 2)— 42  for  the  length  BF  of  one  of  the  sides  of  the  triangular  pier  BAF;  the 
other  FA  may  be  determined  by  the  production  of  the  diagonal  or  line  of  groin  OB. 

The  part  of  the  pier  answering  to  the  part  of  the  vault  BNO  is  determined  by  draw- 
ing from  the  points  B  and  A  the  parallels  BM  and  MA  to  FA  and  FB.  These  two 
triangles  will  form  a  square  base,  each  of  whose  sides  will  be  42  lines,  answering  to  one 
quarter  of  the  vault  KBNO ;  thus,  to  resist  the  thrust  of  the  vault,  four  piers,  each  42  lines 
thick,  are  necessary. 

1455.  The  above  result  corresponds  in  a  singular  manner  with  the  experiments  which 
were  made  by  Rondelet,  from  which  he  deduced  a  thickness  of  43^  lines.  In  his  investi- 
gation of  the  example  by  means  of  the  centres  of  gravity  40*53  lines  was  the  result  Our 
limits  prevent  further  consideration  by  other  examples :  we  will  merely  therefore  observe,  that 
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the  nwlhod  above  gircn  •emu  to  ba  ■  ■■£)  guUi  to  the  BnihlUet     1 
■rohei,  the  reaulti  muit  be  obUined  lor  euh  nds. 

1456.  Id  tbe  CMc  of  groinings  cornpotied  of  man;  bays,  the  chief  ca 
eiUinal  pien,  whieb  will  require  eapeciall;  to  be  of  sufficient  thiskneH.  'nioH  id  ttM 
middle,  being  eoanterbalanced  all  round,  bave  only  to  bear  the  wnghu  of  theiJ  raapecbie 
arehe*,  for  which  purpoae  thej  must  hare  a  proportional  ana  aod  be  of  such  atone  ai  tbe 
weight  will  not  eruih.  But  it  ought  to  be  recoUeeted  that  in  good  conatruetion  tbe  area 
of  the  point!  of  nipport  ihould  be  lo  diitributed  a>  to  establub  for  each  a  niffioient  atreogth, 
because  a  ain^e  weak  point  will  often  endanger  tbe  wbole  fabno. 

1457.  In  practice,  a  readiei  method  will  be  wanting  tban  that  which  hai  been  juat  dia- 
■uned  ;  we  tberelbre  aubimn  one  wbicb  agrees  well  enough  with  theory  and  experiment, 
and  it  ia  aa  foUowa.     Let  ABCD  (fy.  5B5.  No.  1.)  be  the  apace  to  be  cmered  b;  a 


gnrined  Tatilt  anpporteJ  in  tbe  centre  b;  the  pier  E.  IN*iding  each  side  iato  two  equal 
parts,  draw  tbe  Imci  HI,  FO  ennng  each  other  in  the  oentte  K',  K",  and  tbe  diagonal! 
AE,EB,ECEDand  HF,  HG,  IF,  IG  cnisainH  each  other  in  tbe  points  K,  K',  K",  K'". 
In  No.  9.  draw  the  pier  its  balf  height  to  the  Terel  of  tbe  ■prioging,  which  half  height 
tranrfer  from  £  lo  K  and  divide  EK  into  tweWe  paita.  One  of  these  parU  will  be  a  half 
diagonal  of  the  pier.  For  the  intermediate  piers  H,  F,  I,  O,  after  finding  the  diagooali  of 
tbe  balf  piers,  produce  them  outwards  to  double  tb^  prqjectioa  within,  so  that  altogether 
their  thiokiKSS  ma;  be  once  and  a  half  their  width.  For  the  angular  piers  this  method 
will  giie  an  area  of  bate  14  times  greater,  which  will  enable  them  to  reaist  the  thrtist  tbey 

I45S.  When  the  width  of  the  apace  to  be  vaulted  ii  to  be  dirided  into  three  bajs,  and 
that  of  tbe  middle  ia  required  to  be  raised  above  thoac  of  the  other  two,  as  iit  tbe  eaaa  of 
ehurehea  with  side  aislee,  tbe  baaea  of  tbe  points  of  support  may  be  determined  In  two 
•wija.  That  most  used,  which  »  boirowed  from  tbe  Gotliic  eiamplea,  ii  to  gnt  to  tbe 
•reaaof  thebasesof  the  points  of  support  nierelj  the  ailent  necessary  to  bear  the  load  Ibe^ 
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•re  to  Ttotxtei,  by  throwing  the  strain  of  the  thrust  upon  the  external  piers  by  means  of 
flying  buttresses,  and  giring  to  their  points  of  support  a  position  and  surfiuse  of  base  capable 
of  effectual  raiistanei*. 

1^9.  The  most  simple  method  derired  from  the  principles  of  the  theory  for  the  first 
case  is  as  follows :  — 

Having  laid  down  the  plan  of  the  two  bays  which  foil  upon  the  same  pier  (Jig.  586, 
No.  1.),  take  one  half  of  the  sum  of  the  two  semi-diagonals  AD,  AE,  to  which  add  one 


nB.586. 

half  of  the  h^ght  of  the  point  of  support,  and  taking  a  twelfth  part  of  the  whole  as  a 
radius,  describe  a  circle,  and  it  will  indicate  the  sur&ce  sought  of  the  base  of  the  point  of 
support  If  it  be  not  circular  it  must  be  circumscribed  with  the  form  that  may  be  required, 
so  as  rather  to  increase  than  diminish  its  solidity.  For  the  exterior  point  of  support  B  let 
a  rectangle  be  formed,  having  for  its  width  the  ude  of  a  square  inscribed  in  the  preceding 
circle,  and  in  length  double. 

1460.  Above  the  rooft  of  the  sides  a  flying  buttress  may  be  carried  up,  whose  pier  may 
be  nused  on  that  below,  set  back  one  sixth  from  the  exterior  fiuse  and  sloped  as  much  on 
the  interior.  The  line  of  summit  or  taiigent  of  this  flying  buttress,  which  should  be  of  the 
angle  are  of  a  circle,  will  be  determinea  by  the  chord  of  the  arc  of  the  upper  part  of  the 
vault  produced  indefinitely.  To  find  the  centre,  draw  the  chord  GH  (No.  2.),  on  the 
middle  of  which  raise  a  perpendicular,  which  will  cut  the  horizontal  line  GF  in  the 
point  I,  which  will  be  the  centre  of  the  arc.     These  raking  arches  may  be  connected  by 
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other  return  arches,  which  nuiy  bear  a  floor  above  with  a  mipport,  upon  which  a  passage 
round  the  building  may  be  made,  and  this  may  be  concealed  by  an  atdc  order  outside 

1461.  In  the  second  case,  the  base  of  a  pier  must  be  found  capable  of  resisting  the  efibrt 
of  the  great  middle  vault  of  the  nave,  by  taking  as  the  height  of  its  pier  the  rise  frpm  its 
springing  above  the  side  vaults  Na  3.,  and  laying  the  half  of  this  height  from  B  to  H  on 
the  plan  No.  S.  Then  having  divided  IH  into  twelve  equal  parts,  make  I A  equal  to  one 
of  them  and  A  F  equal  to  two.  The  rectangle  made  upon  the  diagonal  FI  shows  the  area 
of  the  interior  pier,  to  which  are  to  be  added,  to  the  right  and  left,  projections  to  receive 
the  arches  of  tlie  sides.  The  length  FD  is  to  be  divided  into  six  equal  parts,  whereof  two 
are  for  the  projection  of  the  pilaster  or  interior  half  column,  upon  which  the  entablature 
is  profiled,  three  for  the  thickness  of  the  wall,  and  one  for  the  pilaster  on  the  side  aSsles, 
whose  prolongation  will  form  a  counterfort  above  the  lower  sides. 

1 468.  For  the  external  pier  B,  as  before,  one  half  the  height  to  the  springing  must  be 
transferred  from  EG,  and  Jl  of  BG  from  B  to  L ;  lastly,  -^  ftt>m  B  to  K  :  the  rectangle 
formed  upon  the  diagonal  kL  is  equal  to  the  area  of  the  pier.  We  must  add,  as  for  that 
in  front,  the  projections  to  recdve  the  arches  or  windows,  as  shown  in  Na  8. 

1463.  As  long  as  the  intervals  between  the  piers  are  filled  in  with  a  wall,  if  that  be 
placed  flush  with  the  outside,  the  piers  will  form  pilasters  inwards  (ueeftg.  585.),  as  Vuf, 
whose  projection  ttf  is  equal  to  one  half  of  the  face  ke\  this  wall  ought  to  have  a  thickness 
equal  to  1u  \  but  if  it  is  brought  to  the  inner  line  of  the  face  of  the  piers,  they  need  be 
only  two  thirds  of  the  thickness ;  so  that  the  piers  will  form  counterforts  on  the  exterior. 
In  conclusion,  knowing  the  efibrt  of  the  thrust,  the  calculations  will  not  be  attended  with 
difllculty  in  providing  against  it  by  adequate  means  of  resistance. 


ON  THK  MODKL  OP  A  COVU  VAULT. 

1464.  The  model  (/^.  587.  Nos.  1.  and  8.)  is  a 
square  on  the  plan,  each  of  whose  sides  is  9  inches  in- 
ternal measure,  enclosed  by  a  wall  1 0  inches  hisli  to  the 
springing  of  the  vault,  which  is  semicircular  m  form, 
and  the  voussoirs  throughout  9  inches  thick.  It  is 
divided  into  seven  parts  at  the  points  of  matest  efFort, 
as  shown  in  Nos.  1.  and  8.  in  the  plan  and  section.  On 
one  of  the  sides  of  the  first  is  supposed  to  be  traced 
the  mean  circumference  TK6,  the  tangents  FT,  FG, 
the  secant  FO,  the  horixontal  line  IKL,  and  the  ver- 
ticals Bt  and  MK.  We  may  now  therefore  consider 
this  vault  as  four  triangular  pieces  of  cylindrical 
arches,  each  resting  throughout  the  length  of  their 
base  on  one  of  the  walls  which  forms  the  sides  of  the 
square.  As  the  pordons  of  arches  or  vaults  are  equal, 
it  b  only  necessary  to  take  one  of  them  for  an  ex- 
ample. 

1465.  In  the  last  example,  cubes  are  taken  in- 
stead of  the  surfooes,  and  surfiices  instead  of  lines. 
Thus  expressing  the  length  of  the  wall  by  f,  its  height 
by  a,  and  its  thickness  by  x ;   the  arm  of  the  lever 

being  always  |,  its  resistance  is  expressed  by  a/x|. 


Making  the  thrust  •  .  . 

EP-TI«KL-KV 

PH 

The  sum  of  the  vertical  efforts  of  the  upper  part 

That  of  the  lower  parts  ... 

The  part  IK  of  the  horisontal  line     * 

TB  =  half  the  thickness  of  the  arch     - 

The  arm  of  the  lever  will  be  •  - 

TE 


»c 

tstg 
mme  +  X 


The  equation  18 /M  +  jnI » ^ -I- (m -!-»)»-»« -I- me; 
and  making  m  +  n^b^ 


tififi 


d 


-  +  hx^pa  +pa  +  ne  — mr ; 
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1466.   If,  however,  we  suppose  the  effort  to  take  place  at  the  point  B,  a  supposition 
hitherto  made  in  the  formulae,  we  have  eao,  and  the  value  of  x  becomes 


■^s^^. 


1 467.  The  horizontal  effort  of  the  upper  part,  represented  by  the  line  KL,  will  be  expressed 
by  the  triangle  e^Ed  of  the  plan ;  that  of  the  lower  part  t'K  in  the  section  will  be  expressed 
by  the  trapesium  eBCd  on  the  plan. 

1468.  The  plan  of  the  vault  being  square,  the  base  ed  will  be  double  EGa  KL  of  the 
section ;  and  the  area  of  the  triangle  «E</  equal  to  the  square  of  KLs41^  x  41<^  »  1710f. 

1469.  Ea  of  the  plan  being  equal  to  the  square  of  54  less  the  square  of  41  ,i,  that 
is,  120^  the  superior  effort  being  17101),  their  difference  is  504,  which  being  multiplied  by 
the  thicKness  of  the  vault,  or  9,  is  4536  for  the  expression  of  the  thrust  represented  by  p  in 
the  formula,  and  for  that  of 

2p«9072and^=84, 

d,  which  represents  TI,  being  41 -A^  2pd»37519i. 

1470.  To  obtain  the  vertical  effort  of  the  upper  part  of  the  arch  represented  by  m,  its 
cube  must  be  multiplied  by  KM,  and  the  product  divided  by  the  arc  KG. 

1471.  The  cube  of  this  part  is  equal  to  the  curved  surface  passing  through  the  middle  of 
its  thickness  multiplied  by  the  thickness.  The  mean  area  is  equal  to  the  product  of  the 
length  nq  taken  on  the  plan  multiplied  by  KM. 

mq  being  117,  and  KM  n^,  the  prodttct  expressing  such  mean  area  is  2005^,  which 
multiplied  by  9  makes  the  cube  1805 If  This  cube  again  multiplied  by  KM«17j,  and 
divided  by  the  length  of  arc  KGa46,  gives  6727  for  the  value  of  m,  and  for  2m  13454; 
e  being  12j^  2mc»170100f. 

2/>rf--2wc_3751 92 -170100)     .-.^^ 
of  120x108        "  *    *• 

ft,  representing  the  vertical  effort  of  the  half  vault,  will  be  expressed  by  the  cube  multiplied 
by  B/s58|,  and  divided  by  the  mean  circumference  TKG»92. 

1472.  To  obtain  the  cube,  the  mean  superficies,  that  iSyii^xBf  or  117x  58^  is  to  be 
multiplied  by  the  thickness  ABas9,  which  eives  68444  x  9»61600J. 

This  cube  multiplied  by   Bf^5S{  and  divided  by    the   mean  circumference  TKG 

»92,  that  is,  61600)  x^»» 391 69*88,  for  the  value  of  b,  and  for  that  of  ^'i^fi^»3-02 
and  -  «9*12.     Substituting  these  values  in  the  formula, 

Hence  x=  ^84 +15-82 +  9^2-3-02  =.7-41 ; 

that  is,  a  little  less  than  7)  lines  for  the  thickness  of  the  walls,  which  is  less  than  that  of  the 
vault;  and  shows  that  by  giving  the  walls  the  same  thickness  as  the  vault,  all  the  requisite 
solidity  will  be  obtained.  This  is  proved  by  experiments,  for  in  the  model  the  vault  was 
borne  equally  well  on  walls  of  9  lines  in  thickness  divided  into  8  parts,  as  upon  1 2  Doric 
columns  whose  diameter  was  9  lines,  four  being  placed  at  the  angles  and  eight  others  under 
the  lower  part  of  the  vault. 

1473.  To  find  the  thickness  of  these  walls  by  the  geometrical  method:  Take  the 
difference  between  the  area  of  the  triangle  BEC  and  that  of  the  triangle  Ecd;  which 
divide  by  the  length  BC. 

106  xA4 

Thus,  the  area  of  the  greater  triangle  being  — ^ — "=^91 6;  that  of  the  smaller  one, 

§^i-^iit^»,  1710-4 ;   their  difference,  1205-6  divided  by  108«11  16,  which  transfer  to  the 

profile  fiK>m  B  to  A,  and  make  Bn  equal  to  the  thickness  of  the  vaulL  Upcm  tJk,  as  a 
diameter,  describe  a  semicircle,  which  at  its  intersection  with  the  horizontal  line  BE  will 
determine  the  thickness  of  the  vault,  and  be  found  to  be  10  lines. 

1474.  The  small  thrust  of  this  species  of  vaulting  occurs  on  account  of  the  upper  part, 
which  causes  it,  diminishing  in  volume  in  proportion  as  the  horizontal  effort  becomes  more 
considerable,  and  because  the  triangular  form  of  its  parts  and  their  position  give  it  the 
advantage  of  having  the  larger  sid^  for  bases ;  whilst,  in  groined  vaulting,  the  triangular 
parts  resting  only  on  an  angle,  the  weight  increases  as  the  horizontal  efforts. 

1475.  Moreover,  as  the  return  sides  mutually  sustain  each  other,  a  half  vault,  or  even  a 
quarter  vault,  on  a  square  base,  would  stand  if  the  walls  were  10  lines  thick,  proving  that 
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flie  oppoute  parti,  acting  little  more  than  agalnit  each  other,  the  thnut  becomeg  almoat 
nothing. 

1476.  B;  the  metfaod  of  the  centre!  oT  grkvity,  Rondelet  found  ■  reault  lev  than  that 
■bova  giiea  i  but  that  arose  from  acglectiog  tomt  points  in  the  calculation  which  it  wki 
difficult  to  introduce  for  general  pnctice. 

14TT.  It  ia  obriuus  tliat  in  the  rtboye  application  great  allowance  must  be  made  when 
the  apartment  to  be  laulled  is  not  tquare ;  that  is,  its  adyantages  diminiBb  ai  the  two 
opposite  sides  become  longer  than  the  width,  and  when  the  length  ii  twice  the  width,  or 
even  much  lees,  the  thrusts  must  be  caleulaled  on  the  principle  oT  cylindrical  Tsulting ; 
and  as  in  this  apeoie*  of  vaulting  the  greatest  eilcirt  occurs  in  or  towards  the  middle  of 
the  udeii  opening  for  doon  and  windows  should  there  be  aioided. 

ApplitBHon  o/tkt  IftOud  ro  ^flurital  Piuillu^. 
14TS.  The  models  (jtf.  S88.   No*.  1.  and  a.  and  j^.  589.  Nos.  1.  and  3.)  were  of  the 


same  opening  aa  tbe  last  mentioned,  lliey  are  cut  into  eivht  equal  part*  by  lertical 
pLuw*  crosaing  each  other  in  tlie  aiis;  esich  of  these  parts  is  subdivided  by  a  jmnl  at 
45  degrees,  altogether  fiirming  siilcen  pieces.  Tile  vault  stands  on  a  circular  wall  of  the 
tame  thickness  Prided  into  «ght  parts  corresponding  to  those  of  the  vault  All  the  parts 
are  so  arranged  as  to  form  continued  Joints  without  sny  bond,  in  aider  tu  give  the 
eiperiment  the  most  disadvantageous  result.  Yet  it  stood  nnalj,  and  was  even  capable  of 
bearing  a  weight  on  the  top. 

1479.  If  for  these  eight  pieces  of  circular  wall  we  aubMitute  eight  columns  of  equal 
b^ht,asinNo.I.;^.  589..SO  that  the  vertical  joints  fall  over  tbe  middle  of  each  column; 
the  vault  will  still  stand,  although  the  cube  of  these  mlumni,  aa  well  as  their  weight, 
occupies  only  one  ninth  part  of  the  circular  wall  for  which  they  are  iubaUtuted. 

From  this  it  IS  evident  (hst  spherical  vaults  have  less  thrusts  than  coved  vault*. 

1480.  Applying  Ibe  method  of  the  preceding  eiamptes,  describe  the  mean  circumference 
ififf.  588.  Nos.  I.  and  S.),  draw  the  tangents  TF,  CF,  tbe  secwit  FO.  the  horiiontal  line 
lKL,and  the  verticals  KM  and  Bi;  lastly,  calculating  for  one  eighth  of  the  vault,  take  the 
sector  OAw  to  eipress  the  boriiontal  effort  indicated  by  KI*  and  the  put  Hi^Mnt  to  eipros 
the  horiiontal  effort  of  the  lower  part. 

1481 .  The  difTcrence  of  these  areas  multiplied  by  the  thicknea  of  the  vault  will  be  the 
elpression  of  the  thnut  p  of  the  fbnnula. 

1469.   The  radiui  On  of  the  sector  being  41^  and  its  length  331,  it)  area  will  be  6T8JL. 

1483.  The  area  of  hHiSm  will  be  equal  to  the  difference  of' the  two  sectors  OHM 
and  OAm,  wbereof  the  flrrt  is  equal  to  the  product  of  half  OM— 97  by  the  arc  HM  — 491, 
orllljf  theseoond  -G7Sj^l   whence  the  difference  0473^. 

™^_..__._  i_.__  .1 i,» _       -    leigglj.g. 
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1485.  /,  representing  the  derelopement  of  one  dghth  part  of  the  circular  wall,  will  be 
42^  whence  f= 42.     d,  the  difference  between  the  arm  of  the  lerer  and  the  height  of 

the  pier,  bdng  41-J^  we  shall  have  jxl— 73897|. 

1486.  To  obtain  the  value  of  me  we  must  first  find  that  of  m,  which  represents  the  vertical 
effort  of  the  upper  part  of  the  vault,  and  is  equal  to  the  cube  of  this  part  multiplied  by 
KM  and  divided  by  the  arc  KG.  This  cube  is  equal  to  the  difference  of  the  cubie  of  the 
sector  of  a  sphere  in  which  it  is  comprised  with  that  which  forms  its  interior  capacity.  We 
will  merely  recall  here  to  the  reader's  recollection  firom  a  previous  page,  that  the  cube  oi 
the  sector  of  a  sphere  is  equal  to  the  product  of  the  superficies  of  the  sphere  whereof  it 
forms  a  part  by  one  third  of  the  radius,  and  that  this  superficies  is  equal  to  the  product 
of  the  circumference  of  a  great  circle  by  the  line  which  measures  its  depth.  Thus  the 
area  of  the  great  sector  ORCr(Jig.  588.  No.  1.)  is  equal  to  the  product  of  the  great  circle, 
whereof  Aa  is  the  diameter  »126,  by  CS«s]8^  which  is  7308,  and  its  cube  7308 

x21»15S468. 

1487.  The  area  of  the  small  sector  ONDn  will  be  equal  to  the  product  of  the  great 
circle,  whereof  B6  is  the  diameter  b108  by  VD^lSif,  which  gives  5369)},  and  its  cube 
by  5S6m  X  18  =  96648||.  Deducting  this  last  cube  from  that  df  the  great  sector  already 
found  Mi  153468,  the  remainder  56819  will  be  the  cube  of  the  upper  part  of  the  vault 
forming  the  cap,  whose  eighth  part  710^  vrill  be  the  cube  sought,  which  multiplied  by 
KM»17)  and  divided  by  Uie  arc  KG =46,  gives  2646]  for  the  value  of  m  in  the  formula; 
c,  which  represents  t'K,  being  12^,  we  have 

mc«3S461};  /Nl-mc  will  be 738 97|- 334611 » 40436^; 

andfor?lr:«*       ^^   ==7-92. 
af    '    120x424 

1488.  In  the  preceding  application  to  the  model  of  the  coved  vault,  the  walls  being 
straight,  the  distance  of  their  centre  of  gravity  from  the  point  of  support  was  equal  to  half 
their  thickness ;  in  this,  the  wall  being  circular,  its  centre  of  gravity  is  so  much  more  distant 
from  the  point  of  support  as  it  takes  in  more  or  less  a  greater  part  of  the  circumference  of 
the  circle.  By  taking  it  only  the  eighth  part,  the  centre  of  gravity  fiills  without  the  thickness 
of  the  walls,  by  a  quantity  which  we  shall  call  e,  so  that  the  arm  of  the  lever,  instead  of 

being  |,  will  be  e  -t-  x,  which  changes  the  preceding  formula  to 

afx(e  +  x)  +  bx^pa-^  pd-^me; 
arranging  with  reference  to  x,  this  becomes 

q/3r«  +  (ea/+  h)x^pa  +pd—me ; 

whence  we  obtain  *«  +  («  +  ^)x  =  ^'*'^^r"*^,  and  nuJcing  e  +  ^=  2A,  we  shall  have 

h  expresses  the  vertical  effi>rt  of  an  eighth  part  of  the  vault  equal  to  its  cube,  multiplied  by 
the  vertical  B/,  and  divided  by  the  mean  circumference  TKG.  This  cube  is  equal  to  an 
eighth  of  the  sphere,  whereof  Aa  is  the  diameter,  less  that  of  the  eighth  part  of  a  sphere 
whose  diameter  is  B6. 

1489.  The  diameter  Aa  being  126,  the  eighth  of  the  circumference  of  a  great  circle  will 
be  491,  which,  multiplied  by  the  vertical  axis,  which  in  this  case  is  equal  to  the  radius  or 
63,  gives  for  the  area  of  one  eighth  part  of  the  sphere  3118^  and  for  its  cube  31 184  x  ^^ 
»  65688). 

1 490.  The  diameter  "Bb  being  1 08,  an  eighth  part  of  the  circumference  of  the  great  circle 
will  be  42),  which,  multiplied  by  the  radius  54,  gives  for  the  area  2291  j,  and  ror  its  cube 

-2291 1  X  18  as  41 240);  taking  the  smaller  of  these  cubes  from  the  greater,  the  difference 
24447^)  will  be  that  of  this  eighth  part  of  the  vault,  which  must  be  multiplied  by  B/a* 
58),  and  the  product  1430203{|,  divided  by  the  mean  arc  TKG »  91);  the  quotient  15558 
expresses  the  vertical  effort  of  the  eighth  part  of  the  vault,  represented  by  b  in  the  formula. 


whence^^^«305. 

e  being  2*51,  we  shall  have  for  the  value  of  A  2*78  and  A<»7'72. 
Substituting  the  values  thus  found  in  the  formula 


,->/>+e?^'^  +  AA-A, 


we  have  *«  ^/42 +  7-92 +7-72-2-78-.  V57-64-2-78-4-7 2. 

By  using  the  method  of  the  centres  of  gravity,  Rondelet  found  the  result  rather  less  than 
that  just  found. 

1491.  The  result  of  all  these  calculations  induces  the  following  fiusts:  —  I.  That  for  a 
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■emicircular  cylindrical  vault,  whose  length  is  equal  to  its  diameter,  the  area  of  the  two 
parallel  walls  is  4698.  II.  Hiat  that  of  the  four  square  piers  supporting  a  groined  arch  is 
7056.  III.  That  of  the  four  walls  of  the  coved  vault,  the  area  should  be  3425|.  IV.  That 
that  of  the  spherical  vault  is  1 238  J. 

1492.  In  respect  of  the  opening  of  these  vaults,  which  is  the  same  for  all  the  examples, 
taking  the  area  of  the  circular  wiUl  for  the  spherical  vault  at  1, 

That  of  the  walls  of  the  coved  vault  will  be  a  little  less  than  3. 

That  of  the  cylindrical  vault         -  -  less  than  4. 

That  of  the  groined  arch  -  •  less  than  6. 

But  if  we  look  to  the  space  that  each  of  these  vaulto  occupies  in  recpect  of  walls  and 

points  of  support,  we  shall  find  that  in  equal  areas  the  walls  of  the  cylindrical  vault  will 

be  I  of  such  space. 

Those  of  the  coved  vaulting  less  than        •  •     ^  of  such  space. 

The  piers  of  the  groined  arch  a  little  more  than        -    {  — 

The  circuUr  wall  for  spherical  vault  a  little  more  than  <jlf  — 

So  that,  if  we  suppose  the  space  occupied  by  each  of  these  vaults  to  be  400, 

The  walls  of  the  cylindrical  vaulting  will  be  115 
Those  for  the  coved  vault         -  -         91 

The  piers  for  the  groined  arch  -         60 

The  circular  wall  for  the  spherical  vault  -         48 
Which  figures  therefore  show  the  relative  proportions  of  the  points  of  support  necessary  in 
each  case. 

1493.  It  is  a  remarkable  circumstance  that  by  the  formula  the  coved  and  spherical 
vaults  give  to  the  walls  a  less  thickness  than  that  of  the  arch.  But  although  experiment 
has  verified  the  formula,  we  cannot  be  supposed  to  recommend  that  they  should  be  made 
of  less  thickness  in  practice ;  but  we  see  that,  if  of  the  same  thickness,  considerable  open- 
ings may  be  used  in  them.  Irregular  as  well  as  regular  compound  vaults  being  only  an 
assemblage  of  the  parts  of  more  simple  ones,  if  what  has  already  been  said  be  well  under- 
stood, and  the  examples  given  have  been  worked  out  by  the  student,  he  will  not  be  much 
at  a  loss  in  determining  tiie  cflfbrts  of  all  sorts  of  vaults. 

On  the  adhetive  Power  of  Mortar  and  Platter  upon  Stone*  and  Briekt, 

1494.  The  power  of  mortar  and  plaster  will  of  course  be  in  proportion  to  the  suHaoe 
of  the  joints,  compared  with  the  masses  of  stone,  brick,  or  rubble.  Thus  a  voussoir  of 
wrought  stone,  one  foot  cube,  may  be  connected  with  the  a4joining  voussoirs  by  four 
joints,  each  of  1  foot  area,  in  all  4  feet.  But  if  instead  of  this  voussoix  three  pieces  of 
rough  stone  or  rubble  be  substituted  instead  of  4  feet  area  of  joints,  we  shall  have  8. 
Lastly,  if  bricks  be  employed  instead  of  rubble,  we  shall  want  27  to  form  the  same  mass, 
which  gives  for  the  developement  of  tlie  joints  1 3  feet.  Tlius,  representing  the  force  which 
connects  the  voussoirs  in  wrought  stone  by  4,  that  representing  the  joints  of  the  rough 
stones  will  be  8,  and  ttud  for  bricks  13 :  whence  we  may  infer  that  arches  built  with 
rough  stones  will  have  less  thrust  than  those  in  wrought  stone,  and  those  in  bricks  more 
than  three  times  less.  From  experiments  made  by  Rondelet,  he  found  that  at  the  end 
of  six  months  some  species  of  mortar  showed  a  capability  of  uniting  bricks  with  sufficient 
force  to  overcome  the  efforts  of  thrust  in  a  vault  segmental  to  ]  of  a  semicircle,  15  foct 
diameter  and  4  inches  thick,  the  extrados  being  4  inches  concentrically  above  the  intrados. 
Plaster  united  a  vaulted  arch  of  18  feet  opening,  of  the  same  form  and  thickness.  This  force 
is,  moreover,  greater  in  arches  whose  voussoirs  increase  from  the  keystone  to  the  springing, 
and  that  in  proportion  to  the  thickness  at  the  haunches,  where  fracture  takes  place ;  so  that 
whatever  the  diameter  and  form  of  the  arch,  the  strength  of  good  mortar  at  the  end  of  six 
months,  if  the  arches  are  well  constructed,  is  capable  of  suppresong  the  thrust  as  long  as 
the  thickness,  taken  at  the  middle  of  the  haunches,  is  stronger  than  the  tenth  part  of  those 
laid  in  mortar,  and  one  twelfth  of  those  laid  in  plaster.  Here  we  have  to  ohaerve,  that 
arches  laid  in  plaster,  as  long  as  they  are  kept  dry  and  sheltered  firom  the  changes  of  the 
season,  preserve  their  strength,  but,  on  the  contrary,  they  lose  all  their  stability  in  seven 
or  eight  years,  whilst  those  cemented  in  mortar  endure  for  ages. 

1 495.  Tlie  small  quantity  of  mortar  or  of  plaster  used  in  vaults  constructed  of  wrought 
stone,  in  which  the  joints  are  often  little  more  than  rmn,  ought  to  make  an  architect  cautious 
of  depending  merely  on  the  cementing  medium  for  uniting  the  voussoirs.  There  are  other 
means  which  he  may  employ  in  cases  of  doubt,  such  as  dowde  and  crampe^  means  which 
were  much  employed  by  the  Romans  in  their  construction ;  and  these  are  fiur  better  than  the 
chains  and  ties  of  iron  introduced  by  the  moderns. 

1 496.  The  thrust  of  an  arch  is,  in  practice,  the  constant  dread  of  an  architect ;  but  it 
depends  entirely  on  the  method  employed  in  the  construction.  It  is  only  dangerous  where 
the  precautions  indicated  in  the  foregoing  examples  are  altogetlier  lost  sight  o£     It  has 
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been  wen  tlut  the  Icait  (laeture  id  too  thin  an  arch  of  equally  deep  voiuioln  may  cause  its 
ruin ;  and  ve  shall  here  odd,  that  this  dHi^  is  more  dangerous  in  arches  vherein  the  number 
of  Joints  is  nuny,  such  as  thoae  onutrucled  in  brick  ;  for  vbea  Ibey  are  laid  in  mortal  they 
ace  rather  heaped  together  than  veil  fitted  Co  each  other. 

1497.  Whatever  materials  are  used  in  the  construeUon  of  vaulta,  the  great  ol^eet  is 
to  prevent  separation,  which,  if  it  occur,  mutt  be  immediately  met  by  meaiurc*  for 
making  the  resistance  of  the  loirer  parts  capable 
of  counterbalancing  the  effort  of  tbe  upper  parts. 
Those  fractures  which  occur  in  cylindrical  arches  are 
the  moat  dangerous,  becauae  tbej  take  place  in  stnight 
lines  vbich  run  along  parallel  to  tbe  valla  besr  i^ 
them.  To  avcnd  tbe  consequences  of  such  biluret,  it 
is  veil  to  fill  up  Ihe  haunches  to  the  height  vbere  the 
ftaeture  is  usually  to  be  found,  aa  in  K,  K',  K",  K"' 
(Jig.  590. )  and  diminish  the  thickness  Unrards  the  key. 
1499.  Roodelet  found,  and  so  indeed  did  Couplet 
before  him,  that  the  least  thickneis  vhich  an  arch  of 
equal  vousaoirs  ought  to  have,  to  Lw  capable  of  stand- 
ing, «as  one  fiftieth  part  of  the  radius.  But  as  the 
bricks  aad  stone  employed  in  the  construction  of 
arches  are  never  so  peiifbctly  formed  as  the  theory  sup- 
poses, the  least  thickness  vbich  can  be  used  for  cy- 
lindrical arches  from  9  to  15  feet  radius  is  4j  inebe* 
at  the  vertex  ifthe  lover  course  be  laid  vith  a  course 
of  brick  on  edge  or  tvo  courses  flatvise.  and  5  inches 
when  tbe  material  used  is  not  a  very  hard  stone,  in- 
creasing the  thickness  from  the  keystone  to  (he  pmat 
where  the  eitrados  leaves  tbe  vails  or  piers.  But  if 
tbe  haunches  are  tilled  up  ID  the  pomt  N  (Jig.  590. ). 
it  vill  he  found  that  for  tbe  pointed  arch  in  tbe  figure 
tbe  thickness  need  not  be  more  than  the  j^,  of  the 
radius,  and  for  the  semicircular  arch,  Jj.  For  archea 
whose  height  is  less  than  tlieir  opening  or  that  ore  seg- 
mental the  thickness  should  be  Jpart  of  the  versed  sine ; 
a  practice  also  applicable  to  Gothic  vaulta  and  semi- 
circular cylindrical  arches,  to  vbicb  ibr  vaults  cementad 
with  plaster  one  line  should  be  added  for  each  foot  in 

length,  or -rU  part  of  the  chord  subtended  by  the  ex-  rv..™!. 

tndoa.     With  vaults  executed  in  mortar  ^  may  be 

added,  the  thicknessofthearch  increasing  till  it  reochn  the  point  N,  vbere  Ihe  arch  becomes 
detached  from  the  haunches,  and  where  it  should  be  once  and  a  half  tbe  thickness  of  the  key. 
It  was  ID  this  way  the  arches  throughout  the  Pantheon  at  Paris  were  r^ulated,  and  a  very 
nmilar  sort  of  expedient  is  practised  in  the  dome  of  the  Pantheon  at  Rome.  A  like 
diminution  at  tbe  keystone  may  be  used  in  groined,  coved,  and  spherical  vaults. 

1499.  Fur  vaultings  of  large  openings,  Hondelet  (and  we  fiilly  concur  with  him)  thinks 
wrought  alone  preferable  to  brick  or  rubble  atone.  They  have  the  advantage  of  being 
liable  to  lesB  settlement  and  lo  stand  more  independent  of  any  cementilioua  medium  em- 
ployed. It  is  indeed  true  thai  this  cannot  connect  wrought  stone  so  powerfully  as  it  does 
rubble;  but  in  the  former  we  can  employ  cramps  and  dovells  at  the  joints,  which  are  useful 
in  doubtful  cases  to  prevent  derangement  of  the  parts.  In  many  Roman  ruins  the  surfaces 
of  tbe  Youaaoirs  were  embossed  and  hollowed  at  the  jointa,  for  the  purpose  of  preventing 
their  sliding  upon  each  other ;  and  expedients  of  the  same  nature  are  frequently  found  in 
Gothic  ruins. 


1500.  The  thickness  which  ia  to  be  asugned  lo  walla  and  points  of  support,  that  tbnr 
stability  may  be  insured,  depends  on  the  weight  they  bave  lo  sustain,  and  on  tb»r  forma- 
tion with  proper  materials;  still  more  on  the  proportion  which  their  hoses  bear  to  their 
heights.  The  crushing  of  stone  and  brick,  hy  mere  superimposed  weight,  is  of  such 
extremely  rare  occurrence  in  practice,  even  with  soft  stone  and  with  bad  bricks,  that  we 
think  it  sufficient  to  give  the  result  of  the  some  few  experiments  that  have  been  made  in 
e  the  reader  some  notion  of  the  resistance  oT  our  hricka  and  stones  to  a 
exhibited  in  the  sut^oined  table  :  — 
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PortUnd  stone,  2  inches  long  1  inch  high 
Statuary  marble,  1  inch  cube  of     - 
Craffleith  stone,  ditto 

Chalk,  cube  of  1 4  inch      - 
Pale  red  brick,   oitto         ... 
Roe  stone,  Gloucestershire,  ditto  - 
Red  brick,  ditto  ... 

Hammersmith  brick,  called  pavior's  ditto  - 
Ditto  burnt,  ditto    - 

Ditto  fire-brick,  ditto    - 

Derby  grit,  ditto    - 

Another  specimen,  ditto     •  « 

Killala  white  freestone,       ditto    - 
Portland,  ditto    - 

Cragleith  white  freestone,  ditto    - 
Yorkshire  paving,  with  the  strata,  ditto 
Ditto,      ditto,       against  strata,     ditto 
White  statuary  marble,  ditto 

Bramley  Fall  sandstone,  ditto 

Ditto,  against  strata,  ditto 

Cornish  granite,  ditto 

Dundee  sandstone,  ditto 

Portland,  a  8  inch  cube  ... 
Cragleith,  with  the  strata,  1  ^  inch  cube  - 
Devonshire  red  marble  ... 
Compact  limestone  ... 

Peterhead  granite  ... 

Black  compact  limestone  -  .  - 

Purbeck  .  .  .  .  - 

Freestone,  very  hard  ... 

Black  Brabant  marble  ... 
White  Italian  marble  ... 
Aberdeen  granite,  blue  kind 


Speclfle 
Gravity. 


2085 
2168 


2S16 
2428 
2423 
2428 
2452 
2507 

*     • 

2760 
2506 

2662 
2530 
2423 
2452 

2584 

2598 
2599 
2528 
2697 
2726 
2625 


Crushing 
Weight. 

lbs. 

805 

3216 

8688 

1127 

1265 

1449 

1817 

2254 

3242 

.M864 

7070 

9776 

10,264 

10,284 

12346 

12,856 

12,856 

13,632 

13,632 

13,632 

14,302 

14,918 

14,918 

15,360 

16,732 

17,354 

18,636 

19,924 

20,610 

21,254 

20,742 

21,783 

24,556 


1501.  The  above  experiments  lose  much  of  their  practical  value  fit>m  our  knowledge 
that  the  interior  particles  in  granulated  substances  are  protected  from  yielding  by  the 
lateral  resistance  of  the  exterior  ones ;  but  to  what  extent  it  is  impossible  to  estimate, 
because  so  much  depends  on  the  internal  structure  of  the  body.  We  are,  however,  thus 
far  informed,  that,  taking  into  account  the  weight  with  which  a  point  of  support  is  loaded, 
its  thickness  ought  to  be  regulated  in  an  inverse  ratio  to  the  crushing  weight  of  the 
material  employed.  In  Gothic  structures  we  often  see,  for  instance,  in  chapter  houses 
with  a  central  column,  a  prodigious  weight  superimposed.  It  is  needless  to  say,  that, 
in  such  instances,  the  strongest  material  was  necessary,  and  we  always  find  it  so  employed. 
So,  in  the  columns,  or  rather  pillars,  of  the  naves  in  such  edifices,  the  greatest  care  was  taken 
to  select  the  hardest  stone. 

1 502.  Generally  speaking,  the  thickness  of  walls  and  piers  should  be  proportioned  rather 
to  their  height  than  to  the  weight  they  are  to  bear ;  hence  often  the  employment  of  a  better 
material,  though  more  costly,  is  in  truth  the  most  economicaL 

Of  the  Stability  of  WoUm. 

1503.  In  the  construction  of  edifices  there  are  three  degrees  of  stability  assignable  to 
walls.  L  One  of  undoubted  stability  ;  II.  A  mean  between  the  last ;  and  the  III.  The  least 
thickness  which  they  ought  to  possess. 

1504.  The  first  case  is  that  in  which  from  many  examples  we  find  the  thickness  equal  to 
one  eighth  part  of  the  height :  a  mean  stabilitv  is  obtained  when  the  thickness  is  one  tenth 
part  of  the  height ;  and  the  minimum  of  stability  when  one  twelfth  of  its  height.  We  are, 
however,  to  recollect  that  in  most  buildings  one  wall  becomes  connected  with  another,  so 
that  stability  may  be  obtained  by  considering  them  otherwise  than  as  independent  walls. 

1 505.  Tliat  some  idea  may  be  formed  of  the  difference  between  a  wall  entirely  isolated 
and  one  connected  with  one  or  two  others  at  right  angles,  we  here  give  fign,  591,  592, 
and  593.  It  is  obvious  that  in  the  first  case  (^fig,  591 . ),  a  wall  acted  upon  by  the  horizontal 
force  MN,  will  have  no  resistance  but  fxotsi  the  breadth  of  its  base ;  that  in  the  second 


BUM. 

the  triangle  CGH,  irhicb  would,  of  coune,  be  greater  in  propoHion  b 
UTwe  of  tbe  walli  CD,  HI. 

1506.  In  tbe  Snt  Mse,  tbe  uneqtial  settlement  of  the  nil  or  of  the  e 
produce  the  effect  of  the  Ibrce  MN.      The  wall  will  bU  on  the  occunence  of  ap  horiiontd 
diiunion  between  tbe  parts. 

1507.  In  the  wtvnd  use  the  ditiimoD  mtitt  take  place  obliquely,  which  will  require 
a  greater  eSbrt  of  Che  power  MN. 

1508.  In  the  third  cue,  in  order  to  oTerturn  tbe  wall,  there  muat  be  three  fractures 
tbrougb  the  effort  of  MN,  requiring  a  much  more  confiiderable  force  than  in  the  second  case* 

1509.  We  maj  eaiilj  conceiie  ^t  the  resistance  of  a  wall  standing  between  two  others 
will  be  greeler  or  less  as  the  walls  CD,  HI  are  more  or  leu  distant ;  so  that,  in  an  eitreme 
qiproiimaCion  In  one  another,  the  Awiture  would  be  impossible,  and,  in  the  opposite  case, 
tbe  bteimediate  wall  approaches  the  case  of  an  isolated  wiUl. 

1510.  Walls  eoclouog  a  space  are  in  the  preceding  predicamentt  because  they  mutually 

1511.  The  result  of  a  vast  number  of  operiments  by  Rondclet,  whose  work  we  sre 
tiin  using,  will  be  detailed  in  tbe  following  observations  and  calculsiionB. 

J512.   l«t  ADCD  (fy.  594.)  be  the  fure  of  one  of  tbe  walls  for  enclosing  ■  rectangular 
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fpace,  EFGH  (^fig.  595.).  Draw  the  diagonal  BD,  and  above  B  make  Bd  equal  to  one 
eighth  part  of  the  height,  if  great  stability  be  required ;  for  a  mean  stability,  the  ninth  or 
tenth  part ;  and,  for  a  light  stability,  the  eleventh  or  twelfth  part  If  through  the  point 
d  a  parallel  to  A  B  be  drawn,  the  interval  will  give  the  thickness  to  be  assigned  to  the  great 
walLi  £F,  GH,  whose  length  is  equal  to  AD. 

1513.  The  thickness  of  the  walls  EG,  FH  is  obtained  by  making  Aiy  equal  to  their 
length,  and,  having  drawn  the  diagonal  as  before,  pursuing  the  same  operation. 

1514.  When  the  walls  are  of  the  same  height  but  of  different  lengths,  as  in  Jig,  596., 


B 


c*' 


^^. 


ly 


"•*. 


^*. 


D» 


D-» 


Fill.  596.  Fig  607. 

the  operation  may  be  abridged  by  describing  on  the  point  B  (^Jig.  597.)  as  a  centre  with  a 
radius  equal  to  one  eighth,  one  tenth,  or  one  twelfth,  or  such  other  part  of  the  height  as 
may  be  considered  necessary  for  a  solid,  mean,  or  lighter  construction,  then  transferring 
their  lengths,  £F,  FG,  GH,  and  HE  from  A  to  D,  D',  D",  and  D"' ;  and  having  made 
the  rectangles  AC,  AC',  AC",  and  AC',  draw  from  the  common  point  B  the  diagonals 
BD,  BD',  BD",  and  BD"',  cutting  the  small  circle  described  on  the  point  B  in  different 
points,  through  which  parallela  to  AB  are  to  be  drawn,  and  they  will  give  the  thickness  of 
each  in  proportion  to  its  length. 

1515.   In  Jlffi.  598.  to  603.  sure  gpven  the  operations  for  finding  the  thicknesses  of  walls 
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Fig.flOt. 


enclosing  polygonal  areas  supposed  to  be  of  the  same  height ;  thus  AD  represents  the 
side  of  the  hexagon  (Jig.  602.) ;  AD'  that  of  the  pentagon  (/p.  601.)  ;  AD"  the  side  of 
the  square  (Jig.  599.) ;  and  AD'"  that  of  the  equilateral  triangle  (Jig.  600.). 

1516.  It  is  manifest  that,  by  this  method,  we  increase  the  thicknesses  of  the  walls  in 
proportion  to  their  heights  and  lengths ;  for  one  or  the  other,  or  both,  cannot  increase  or 
diminish  without  the  same  happening  to  the  diagonal. 

1517.  It  b  obvious  that  it  is  easy  to  calculate  in  numbers  the  results  thus  geometrically 
obtained  by  the  simple  rule  of  three ;  for,  knowing  the  three  sides  of  the  triangle  ABD, 
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aimilar  to  the  smaller  tnaDgle  Bd^  we  hare  BD  :  B<f::  AD  :  «f.  Thus,  suppose  the 
length  of  wall  represented  by  ADb28  feet,  and  its  height  AB»12  feet,  we  shall  have  tlie 
length  of  the  di^a^onal  « SO  feet  51  inches ;  and,  taking  the  ninth  part  of  AB,  or  16  inches, 
as  the  thickness  to  be  transferred  on  the  diagonal  from  B  to  <^  we  have  SO  ft.  6  in.  : 
16  in. ::  28  ft.  :  14  in.  :  8  lines  («/).  Hie  calculation  may  also  be  made  trigonometrically; 
into  which  there  is  no  necessity  to  enter,  inasmuch  as  the  rules  for  obtaining  the  result  may 
be  referred  to  in  the  section  **  Trigonometry,**  and  from  thence  here  applied. 

Method  qfendoting  a  given  Area  in  any  regydaar  Paifgon, 

1518.  It  is  manifest  that  a  polygon  may  be  divided  by  lines  fit>m  the  centre  to  its  angles 
into  as  many  triangles  as  it  has  sides.  In  fig.  601.,  on  one  of  these  triangles  let  fell  from 
c  (which  Is  the  vertex  of  each  triangle  a  perpendicular  CD)  a  vertical  on  the  base  or  side 
AB  which  is  supposed  horizontal.  The  area  of  this  triangle  is  equal  to  the  product  of  DB 
(half  AB)  by  CD,  or  to  the  rectangle  DCFB.  Making  DB«x,  CD»y,  and  the  area 
given    ^p,  we  shall  have. 

For  the  equilateral  triangle,  x  x  y  x  S^p^  or  xy »  ^ ; 

For  the  square,  xy  x  4«j9,  or  xya-  J ; 

For  the  pentagon,  *y  x  5ap,  or  xys-  ^; 

For  the  hexagon,  xg  xS  »/>,  or  xymtP' 

Each  of  these  equations  containing  two  unknown  quantities,  it  becomes  necessary  to  as- 
certain the  proportion  of  x  to  y,  which  is  as  the  sines  of  the  angles  opposite  to  the  sides 
DB  and  CD. 

1519.  In  the  equilateral  triangle  this  proportion  is  as  the  sine  of  60  degrees  to  the  sine  of 
30  degrees ;  that  is,  using  a  table  of  sines,  as  86603  :  50000,  or  8}  :  5,  or  26  :  15,  whence 

X  :  y::26  :  15,  and  15x»26y;   whence  y»^^. 
Substituting  this  value  in  the  equation  xy «  ^,  we  have 

^>^»  f >  "^hich  becomes  xx=r^,  and  x-  v/ ^. 
Supposing  the  area  given  to  be  3600,  we  shall  |herefore  have 

«»  i/?5^1*«45-6,  and  the  side  AB.91  -2. 

For  the  pentagon,  x  :  y:  :sin.  36^  :  sin.  54^,  or  as  58779  :  80902,  whence 

809(MLr 

Substituting  this  value  in  the  equation  xy»  f,  we  have 

WdOJJcx     3600    .    .  ^      ^68779  x7aO" 
68779' ■*    »'»  ■"**  *"  SOSOT"^  » 

which  makes  xa  22-87,  and  this  ride  ABa45-74. 
For  the  hexagon,  x  :  y::sin.  30^  :  rin.  60°,  or  as  50000  :  8660S::5  :  8},  whence  the  value 

of  y  »^'     This  value,  substituted  in  the  equation  xy»  f,  will  give  ~|^b600;  whence 
Bx: 


xx«^-- ;  lasUy,  thei«fore,  x»  ^/346-15«-I8-61,  and  the  ride  AB«S7'22. 


GeometrieaBg. 

1520.  Suppose  the  case  that  of  a  pentagon  (fig,  601.^  one  of  whose  equal  triangles  is 
ACB.  Let  fell  the  perpendicular  CD,  which  divides  it  mto  two  equal  parts ;  whence  its 
area  is  equal  to  the  rectangle  CDBF. 

1521.  Upon  the  ride  AB,  prolonged,  if  necessary,  make  D£  equal  to  CD,  and  from  the 
middle  of  BE  as  a  centre  describe  tiie  semi-circumference  cutting  CD  in  G^  and  GD  will 
be  the  ride  of  a  square  of  the  same  area  as  the  rectangle  CDBF.  The  sides  of  similar 
figures  (Geometry,  961.)  being  as  the  square  roots  of  their  areas;  find  the  square  root 
of  the  given  area  and  make  l>g  equal  to  iL  From  the  point  g  draw  parallels  to  G£  and 
GB,  which  will  determine  on  AB  the  points  e  and  b,  which  will  give  on  one  ride  Dfr  equal 
to  one  half  of  the  ride  of  the  polygon  sought ;  and,  on  the  other,  the  radius  De  of  the 
circumference  in  which  it  is  inscribed.  This  is  manifest  because  of  the  similar  triangles 
EGB  and  <y6,  from  which  BD  :  DE::6D  :  De. 

1522.  From  the  truth  that  the  rides  of  similar  figures  are  to  each  other  as  the  square 
roots  of  their  areas  we  arrive  at  a  rimple  method  of  reducing  any  figure  to  a  given  area. 
Form  an  angle  of  reduction  (fig,  603. )  one  of  whose  sides  is  equal  to  the  square  root 
of  the  greater  area,  and  the  chord  of  the  arc,  which  determines  the  size  of  the  angle  equal 
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to  the  square  root  of  the  smaller  area.  Let,  for  instance,  the 
larger  area  all56,  and  that  of  the  smaller,  to  which  the  Hgure 
is  to  be  reduced,  n529.  Draw  an  indefinite  line,  on  which 
make  AB*34,  the  square  root  of  1156.  Lastly,  from  the 
point  A,  as  a  centre,  having  described  an  indefinite  arc,  with  a 
length  equal  to  the  square  root  23  of  529,  set  out  B^ ;  through 
g  draw  A^,  which  will  be  the  angle  of  reduction  ^AB,  by  means 
of  which  the  figure  may  be  reduced,  transfierring  all  the  mea- 
sures of  the  larger  area  to  the  line  AD,  with  which  arcs  are  fir.  am. 
to  be  described  whose  chords  will  be  the  sides  sought 

152S.  If  it  be  not  required  to  reduce  but  to  describe  a  figure  whose  area  and  form  are 
given,  we  must  make  a  large  diagram  of  any  area  larger  than  that  sought,  and  then 
reduce  it. 

1594.  The  circle,  as  we  have  already  observed  in  a  previous  subsection  (933.),  being  but 
a  polygon  of  an  infinite  number  of  sides,  it  would  follow  that  a  circular  enclosure  would  be 
stable  with  an  infinitely  small  thickness  of  wall.  This  property  may  be  easily  demonstrated 
by  a  very  simple  experiment.  Take,  for  instance,  a  sheet  of  paper,  which  would  not  easily 
be  made  to  stand  while  extended  to  its  full  length,  but  the  moment  it  is  bent  into  the  fi>rm 
of  a  cylinder  it  acquires  a  stability,  though  its  thickness  be  not  a  thousandth  part  of  its 
height 

1525.  But  as  walls  must  have  a  certain  thickness  to  acquire  stability,  inasmuch  as 
they  are  composed  of  particles  susceptible  of  separation,  we  may  consider  a  circular  en- 
closure  as  a  regular  polygon  of  twelve  sides,  and  determine  its  thickness  by  the  preceding 
process.  Or,  to  render  the  operation  more  simple,  find  the  thickness  of  a  straight  waU 
whose  length  is  equal  to  one  half  the  radius. 

1526.  Suppose,  for  example,  a  circular  spMe  of  56  ft.  diameter  and  18ft.  high,  and 
the  thickness  of  the  wall  be  required.  Describe  the  rectangle  ABCD  (^fig,  594.),  whose 
base  is  equal  to  half  the  radius,  that  is,  14ft.,  and  whose  height  AB  is  18ft.;  then, 
drawing  the  diagonal  BD,  make  Bd  equal  to  the  ninth  part  of  the  height,  that  is,  2  ft. 
Through  d  draw  ad  parallel  to  the  base,  and  its  length  will  represent  the  thickness  sought, 
which  is  14)  inches. 

1527.  By  calculation.  Add  the  square  of  the  h^ht  to  that  of  half  the  radius,  that  is, 
of  18*324,  and  of  14 -1 96 » 520.  Then  extract  the  square  root  of  520,  which  will  be 
found  Ml  22*8,  and  this  will  be  the  ^lue  of  the  diagonal  BD.  Then  we  have  the  follow- 
ing proportion  :  22*8  :  14  ::  2ft.  ((  the  height)  :  14*74. 

1528.  The  exterior  wall  of  the  church  of  St,  Stefano  Rotomdo  at  Rome  (Temple  of 
Claudius)  incloses  a  site  198  fieet  diameter.  The  wall,  which  is  contructed  of  rubble 
masonry  faced  with  bricks,  is  2  ft.  4  in.  (French)  thick,  and  22 J  ft.  high.  In  ap- 
plying to  it  the  preceding  rule,  we  shall  find  the  diagonal  of  the  rectangle,  whose  base 
would  be  the  side  of  a  polygon,  equal  to  half  the  radius  and  22}  ft.  high,  would  be 

'V/49IT49)  +  224  X  224»54Ygj.      Then,  using   the    proportion    54-37  :  49*5  ::  ^:  2ft. 

3  in.  and  4  lines,  the  thickness  sought,  instead  of  2  ft.  4  in.,  the  actual  thickness.  We 
may  as  well  mention  in  this  place  that  a  circle  encloses  the  greatest  quantity  of  area 
witii  the  least  quantity  of  walling ;  and  of  polygons,  those  with  a  greater  number  of  sides 
more  than  those  with  a  lesser:  the  proportion  of  the  wall  in  the  circle  being  31416  to  an 
area  of  78540000 ;  whilst  in  a  square,  for  the  same  area,  a  length  of  wall  equal  to  35448 
would  he  required.  As  the  square  fidls  away  to  a  flat  parallelogram,  say  one  whose  adea 
are  half  as  great,  and  the  others  double  the  length  of  those  of  the  square,  or  1 7724  by  4431 , 
in  which  the  area  will  be  about  78540000,  as  before ;  we  have  in  such  a  case  a  length  of 
walling  -44310. 

On  the  Thickneu  of  WalU  in  Bmldingi  not  vaulted, 

1529.  The  walls  of  a  building  are  usually  connected  and  stiffened  by  the  timbers  of  the 
roof,  supposing  that  to  be  well  constructed.  Some  of  the  larger  edifices,  such  as  the 
ancient  baulicae  at  Rome,  have  no  other  covering  but  the  roof;  others  have  only  a  simple 
ceiling  under  the  roof;  whereas,  in  palaces  and  other  habitations,  there  are  sometimes  two 
or  more  floors  introduced  in  the  roof 

1530.  We  will  begin  with  those  edifices  covered  with  merely  a  roof  of  carpentry,  which 
are,  after  mere  walls  of  enclosure,  the  most  simple. 

1531.  Among  edifices  of  this  species,  there  are  some  with  continued  points  of  support, 
such  as  those  wherein  the  walls  are  connected  and  mutually  support  each  other  ;  others  in 
which  the  points  of  support  are  not  connected  with  each  other,  such  as  piers,  columns,  and 
pilasters,  united  only  by  arcades  which  spring  from  them. 

1532.  When  the  carpentry  fi>rming  Uie  roof  of  an  edifice  is  of  great  extent,  instead  of 
being  injurious  to  tlie  stability  of  the  walls  or  points  of  support,  it  is  useful  in  keeping  them 
together. 
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1533.  Many  edifices  exist  wherein  the  walls  and  points  of  support  would  not  stand 
without  the  aid  of  the  carpentry  of  the  roo&  that  cover  them. 

1534.  The  old  basilica  of  St.  Patch  Jkorl  U  micrd  at  Rome  was  divided  into  five  naves 
formed  by  four  ranks  of  columns  connected  by  arcades*  which  carried  the  walls  whereon  the 
roof  rested;  the  centre  nave  73^  ft.  (French)  wide,  and  93  ft.  10  in.  high.  The  walls 
of  it  are  erected  on  columns  31  ft.  9  in.  high,  and  their  thickness  is  a  little  less  than  3  ft., 
that  IB,  only  ^part  of  their  height. 

1535.  At  Hadrian's  Villa  the  most  lofty  walls,  still  standing,  were  but  sixteen  times 
their  thickness  in  height,  and  51  ft-  9  in.  long.  Hie  walls  were  the  enclosures  of 
large  halls  with  only  a  single  story,  but  assisted  at  their  ends  by  cross  walls.  And  we 
may  therefore  conclude  that  if  the  walls  of  the  baaUica  above  mentioned  were  not  kept  in 
their  places  by  the  carpentry  of  the  great  roof  they  would  not  be  safe.  It  is  curious  that  this 
supposition,  under  the  theory,  was  proved  by  the  fire  which  destroyed  the  church  of  St.  Paolo 
in  1 823.  The  walls  which  form  the  nave  of  the  church  of  Santa  Sabina  are  raised  on  columns 
altogether  52  ft.  high ;  they  are  145  ft.  long,  and  somewhat  less  than  2  ft.,  that  is,  ^  part 
of  their  height,  in  thickness.  They  are,  therefore,  not  in  a  condition  of  stability  without  the 
aid  of  the  roofl  In  comparing,  however,  the  thickness  of  these  walls  with  the  height  only 
of  the  side  aisles,  in  the  basilica  of  St  Paolo  the  thickness  is  ^  and  at  Santa  Sabina  •^.  In 
the  other  basilicss  or  churches  with  columns,  the  least  thickness  of  wall  vi-^of  greater  pro- 
portion unconnected  with  the  nave,  as  at  Santa  Maria  Maggiore,  Santa  Mana  in  Trastevere, 
St  Chrysogono,  St  Pietro  in  VincoU,  in  Rome ;  St  Lorenzo  and  St  Spirito^  in  Florence ; 
St  Filippo  Neri,  at  Naples ;  St  Giuseppe  and  St  Dominico,  at  Palermo. 

1536.  We  must  take  into  account,  moreover,  duit  the  thickness  of  walls  depends  as  much 
on  the  manner  in  which  they  are  constructed,  as  on  th£ir  height  and  the  weight  with  which 
they  are  loaded.  A  wall  of  rough  or  squared  stone  1 2  inches  thick,  wherein  all  the  stones 
run  right  through  the  walls  in  one  piece,  is  sometimes  stronger  than  one  of  18  or  20  inches 
in  thickness,  in  which  the  depth  of  the  stones  is  not  more  than  half  or  a  third  of  the  thick.1 
ness,  and  the  inner  part  filled  in  with  rubble  in  a  bad  careless  way.  We  are  also  to  recollect 
that  stability  more  than  strength  is  ofttimes  the  safi^piard  of  a  building ;  for  it  is  certain 
that  a  wall  of  hard  stone  4  inches  thick  would  be  stronger  than  would  be  necessary  to 
bear  a  load  equal  to  four  or  five  stories,  where  a  thickness  of  18  inches  is  used ;  and  yet  it 
b  manifest  Uiat  such  a  wall  would  be  very  unstable,  because  of  the  narrowness  of  the  base. 

1537.  From  an  examination  which  Rondelet  made  of  280  buildings  in  France  and  Italy, 
ancient  as  well  as  modem,  he  found  that  in  those  covered  with  roofii  of  two  inclined  sides 
and  constructed  in  firamed  carpentry,  with  and  without  ceilings,  and  so  trussed  as  not  to 
act  at  all  horisontally  upon  the  walls,  the  least  thickness  in  brick  or  rough  stones  was 
ji  of  the  width  in  the  clear. 

1538.  In  private  houses,  divided  into  several  stories  by  floors,  it  was  observed,  generally, 
that  the  exterior  walls  ran  firom  15  to  24  inches,  party  walls  16  to  20  inches,  and  par- 
tition walls  1 2  to  1 8  inches. 

1539.  In  buildinos  on  a  larger  scale,  exterior  walls  2  to  3  fi^et  thick,  party  walls 
20  to  24  inches,  partition  walls  1 5  to  20  inches. 

1540.  In  palaces  and  buildings  of  great  importance,  whose  ground  floors  are  vaulted, 
the  exterior  walls  varied  ftosn  4  to  9  feet,  and  the  partition  walls  from  2  to  6  feet.  In 
many  of  the  examples  which  underwent  examination,  the  thicknesses  of  the  walls  and 
points  of  support  were  not  always  well  proportioned  to  their  position,  to  the  space  they 
enclosed,  nor  to  the  loads  they  bore.  In  some,  great  voids  occur,  and  considerable  loads  were 
supplied  with  but  slender  walls  and  points  of  support ;  and  in  others,  very  thick  walls  en- 
closed very  small  spaces,  and  strong  points  of  support  had  but  littie  to  carry. 

1541.  For  the  purpose  of  establishing  some  method  which  in  a  sure  and  simple  manner 
would  determine  the  thickness  of  walls  in  buildings  which  are  not  arched,  we  have  con- 
ridered,  says  Rondelet,  that  the  tie-beams  of  the  trusses  of  carpentry  whereof  the  too^ 
are  composed,  being  always  placed  in  the  direction  of  the  width,  as  well  as  the  girders  and 
leading  timbers  of  floors,  serve  rather  to  steady  and  connect  the  opposite  walls ;  but,  con- 
sidering the  elasticity  and  flexibility  of  timber,  it  is  found  that  they  strain  the  walls  which 
support  them  in  proportion  to  the  widths  of  the  spaces  enclosed,  whence  it  becomes  often 
the  better  plan  to  determine  the  thickness  of  the  walls  from  the  width  and  height  of  the 
apartments  requisite.     Hence  the  following  rules. 

Firtt  RuU, 

1542.  In  buildings  covered  with  a  simple  roof,  if  the  walls  are  insulated  throughout, 
their  height  up  to  the  under  side  of  the  tie-beams  of  the  trusses,  being  as  shown  in  fig.  604. 
Having  drawn  the  diagonal  BD  and  thereon  made  B6  and  Dd,  equal  to  the  twelfth  part 
of  the  height  AB,  then  through  the  points  h  and  d^  draw  lines  parallel  to  BA  and  DC, 
which  will  bound  the  thickness  of  the  walls  required. 

1543.  If  the  height  AB  and  width  AD  be  known,  the  thickness  Ac  may  be  calculated. 
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seeing  that  BD-  i^  AB«  +  AD»  ;  knowing  the 
value  of  BD,  we  have  that  of  cA  by  the  pro- 
portion AD  :  AD  :;  B       '     ^^""^ 


cA- 


BD 


Pint  Example. 

1544.  Supposing  the  width  BC— 24  ft.,  and 
the  height  AB^S^  we  shall  have 

V A B«  +  A D8  —  ^^24  X  24 +  32x83;  whence 
BD-  ^576  +  1024-  -v/1 600-40  ft. 

B&,  which   is  the  twelfth  part  of  AD,  or  of 
32  ft.  —  2  ft.  8  in.  ;    the  thickness  of  the  wall 

expressed  byAi^*  wiU  be  ^i^^**-  1|  ft.,  or 

1ft.  7  in.  2  lines,  for  the  thickness  sought 

1545.  If  the  walls  supporting  the  roof  were 
stiffened  by  extra  means,  such  as  lower  roofs  at 
an  intermediate  height,  as  in  churches  with  a 
nave  and  side  aisles,  we  may  make  Be  in  the 
diagonal  BD  equal  to  one  twelfth  of  the  height 
above  the  springing  of  the  side  rooft,  and  efa. 
twenty-fourth  part  of  that  height  below  it,  and 
draw  through  the  point /a  line  parallel  to  AB, 
which  will  determine  the  thickness  A/ sought ;  or,  which  amoimts  to  the  same 
together  the  total  height  A B  of  the  interior,  and  that  of  EB  above  the  point 
£,  whereof  take  the  twenty-fourth  part,  which  will  be  equal  to  Be  +  ef. 


FIg.GtM. 


thing,  add 
of  support, 


Second  Example. 
1546.  Fig*  60S.  is  a  section  of  St  Paolo  iiior)  le  muri,  near  Rome,  as  it  was  in  1816. 


ri|(.eoft. 

The  interior  height  to  the  under  side  of  the  tie-beams  is  93  ft.  10  in.  (French),  whereof 
26  ft.  2  in.  is  the  exterior  height  above  the  roo&  of  the  side  aisles.  These  two  o^ensions 
together  make  120ft.,  whose  twenty-fourth  part  is  5  ft.,  to  which,  on  the  diagonal  BD, 
make  Bf  equal ;  then  from  the  point  /  letting  (all  a  vertical  line,  the  borixontal  line  Be 
will  detemune  the  thickness,  which  will  be  3  ft,  the  width  of  the  nave  being  73  ft.  6  in. 
In  figures,  as  follows :  -— 


BD-  V93ft.lOin.  x9Sft.  10 in. +73 ft.  6  in.  x73ft.  6  in.- ^/l 4207 -119 ft.  2 in. 

1547.  For  the  thickness,  eB,  as  before,  BD  :  AD::B/:  A/';   whence,  A/'-^^Jj^ 

"llftSVin.^^  ft-  1  in-r  instead  of  2  ft.  1 1  in.  9  lines,  the  actual  thickness  of  the  walls. 

1548.  The  same  calculation  being  applied  to  the  walls  of  the  nave  of  Santa  Sabina 
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(Rome),  whose  height  of  naye  is  51  ft  2  in,  and  width  42  ft.  2  in.,  with  a  height  of  16  ft. 
of  wall  abore  the  nde  aisles,  gives  21  in.  4  Unes,  and  they  are  actually  a  little  less  than  24  in. 

1549.  In  the  church  of  Santa  Maria  Maggiore,  the  width  is  52  ft.  7(  in.,  and  56  ft  6  in. 
and  4  lines  high,  to  the  ceiling  under  the  roof,  llie  height  of  the  wall  above  the  side 
aisles  is  19ft.  8  in.,  and  the  calculation  requires  the  thickness  of  the  walls  to  be  26}  in. 
instead  of  28^  in.,  tiieir  actual  thickness. 

1550.  In  the  church  of  Sl  Lorenzo,  at  Florence,  the  internal  width  of  the  nave  is 
37  ft.  9  in.,  and  the  height  69  ft.  to  the  wooden  ceiling ;  from  the  side  usles  the  wall  is 
18ft.  high.  The  result  of  the  calculation  is  21  in.,  and  the  actual  execution  21  in.  and 
6  lines. 

]  55 1 .  The  church  of  Santo  Spirito,  in  the  same  city,  which  has  a  wooden  ceiling  sus- 
pended to  the  trusses  of  the  roo^  is  76  ft.  high  and  37  ft.  4  in.  wide  in  the  nave  the  walls 
rise  19ft.  above  the  side  aisles.  From  an  application  of  the  rule  the  thickness  should  be 
21  in.  3  lines,  and  their  thickness  is  22|  in. 

1552.  In  the  church  of  St  Philippo  Neri,  at  Naples,  the  calculation  requires  a  thickness 
of  21  in.,  their  actual  thickness  being  22)  in. 

1553.  In  the  churches  here  cited,  the  external  walb  are  much  thicker  ;  which  was  ne- 
cessary, from  the  lower  roofs  being  applied  as  Uantoet^  and  hence  having  a  tendency,  in 
case  of  defective  framing  of  them,  to  thrust  out  the  external  walls.  Thus,  in  the  church 
of  St  Paolo,  the  walls  are  7  ft  thick,  their  height  40  ft ;  3  ft.  4  in.  only  being  the  thickness 
required  by  the  rule.  A  resistance  is  thus  given  capable  of  assistmg  the  walls  of  the  aides, 
which  are  raised  on  isolated  colunms,  and  one  which  they  require. 

1554.  In  the  church  of  Santa  Sabina,  the  exterior  wall,  which  is  26  ft  high,  is,  as  the 
rule  indicates,  26  in.  thick ;  but  the  nave  is  flanked  with  a  single  aisle  only  on  each  side,  and 
the  walls  of  the  nave  are  thicker  in  proportion  to  the  height,  and  are  not  so  high.  For  at 
St  Paolo  the  thickness  of  the  walls  Lb  only  ^  of  the  interior  width,  whilst  at  Santa  Sabina 
it  is  ^  At  San  Lorenxo  and  San  Spiflto  the  introduction  of  the  side  chapels  aflbrds  great 
assistance  to  the  external  walls. 

Examfinfar  the  Tkickn£$M  of  WdOa  of  Houtes  of  many  Storie*,  , 

1555.  As  in  the  preceding  case,  the  rules  which  Rondelet  gives  are  the  result  of  ob- 
servations on  a  vast  number  of  buildings  that  have  been  executed,  so  that  the  method 
proposed  is  founded  on  practice  as  well  as  on  theory. 

1556.  In  ordinary  houses,  wherein  the  height  if  the  floors  rarely  exceeds  12  to  15  ft, 
in  order  to  apportion  the  proper  thickness  to  the  interior  or  partition  walls,  we  must  be 
guided  by  the  widths  of  the  spaces  they  separate,  and  the  number  of  floors  thev  have  to 
carry.  With  respect  to  the  external  waUs,  their  thickness  will  depend  on  the  depth  and 
height  of  the  building.  Thus  a  tingle  house,  as  the  phrase  is,  that  is,  only  one  set  of  apart- 
ments in  depth,  requires  thicker  external  walls  than  a  dauhU  house,  that  is,  more  than  one 
apartment  in  depth,  of  the  same  sort  and  height ;  because  the  stability  is  in  the  inverse  ratio 
of  the  width. 

1557.  Let  us  take  the  first  of  the  two  eases  {fig.  606.),  whose  depth  is  24  ft  and  height 


■ '  "  "V 


Flff.  606. 


to  the  under  side  of  the  roof  36  ft  Add  to  24  ft.  the  half  of  the  height,  18,  and  take  {^  part 
of  the  sum  42,  that  is,  21  in.,  for  the  least  thickness  of  each  of  the  external  walls  above  the 
tet'off  on  the  ground  floor.  For  a  mean  stability  add  an  inch,  and  for  one  still  more  solid 
add  two  inches. 

1558.  In  the  case  of  a  double  house  {fig.  €Xyi.)  with  a  depth  of  42  ft,  and  of  the  same 
height  as  the  preceding  example,  add  half  the  height  to  the  width  of  the  building ;  that  is, 
21  to  18,  and  ^  of  the  sum  sb19^  is  the  thickness  of  the  walls.  To  determine  the  thickness 
of  the  partition  walls,  add  to  their  distance  from  each  other  the  height  of  the  story,  and 
take  J^  of  the  sum.  Thus,  to  find  the  thickness  of  the  wall  IK,  which  divides  the  space 
LM  into  two  parts  and  is  32  ft,  add  the  height  of  the  story,  which  we  will  take  at  10  ft., 
making  in  all  42  ft,  and  take  ^  or  14  in.  Half  an  inch  may  be  added  fi»r  each  story  above 
the  ffTOund  floor.  Tlius,  where  three  stories  occur  above  the  ground  floor,  the  thickness  in 
*  Ff 
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the  lower  one  would  be  1 5^  in.,  a  thick- 
neM  which  is  well  calculated  for  bricks 
and  stone,  whose  hardness  is  of  a  mean 
description. 

1559.  For  the  wall  AB,  which  divides 
the  space  between  the  external  walls, 
equal  to  S5  ft,  add  to  it  the  height, 
which  is  10  ft.,  and  ^  of  45,  the  sum  of 
the  two ;  that  is,  1 5  ui.  is  the  thickness 
required  for  the  wall,  if  only  to  be  car- 
ried up  a  single  story ;  but  if  through 
more,  then  add  half  an  inch,  as  before, 
for  each  story  above  the  ground  floor. 
For  the  spaces  NO,  PQ,  RS,  in  this 
and  the  preceding  figure,  the  repetition 
of  the  operation  will  give  their  thick- 
nesses. 

1 560.  To  illustrate  what  has  been  said, 
jig,  608.  is  introduced  to  the  reader,  being  "*'  *'*"' 

the  plan  of  a  house  in  the  Rue  d*  Enfer,  near  the  Luxembourg,  known  as  the  Hotel  Vendome, 


Ftff.G08. 

built  by  Le  Blond.  It  is  given  by  Daviller  in  his  Cour^  tT Architecture,  The  building  is 
46  ft.  deep  on  the  right  side  and  47  ft  in  the  middle,  and  is  S3  ft  high  from  the  pavement 

to  the  entablature.     Hence,  to  obtain  the  thickness  of  the  walls  on  the  line  FF,  take  the 

47+33 
sum  of  the  height  and  widths—^ — ss40ft,  whose  twenty-fourth  part  is  20 in.     The 

building  being  one  of  solidity,  let  2  in.  be  added,  and  we  obtain  22  in.  instead  of  2  ft,  which 
is  their  actual  thickness.  For  the  thickness  of  the  interior  wall,  which  crosses  the  building 
in  the  direction  of  its  length,  the  space  between  the  exterior  walls  being  42  ft  and  the 

height  of  each  story  1 4  ft ,  the  thickness  of  this  wall  should  be  -  g^—  » 1 8  in.  8  lines,  instead 

of  18  in.,  which  the  architect  assigned  to  it. 

1561.  By  the  same  mode  of  operation,  we  shall  find  that  the  thickness  of  the  wall  R, 
separating  the  ^salon,  which  is  22  ft  wide,  from  the  dining-room,  which  is  1 8  ft  wide  and 
1 4  ft  high,  should  be  1 8  in.  and  6  lines  instead  of  1 8  inches ;  but  as  the  exterior  walls,  which 
are  of  wrought  stone,  are  2  ft  thick,  and  their  stability  greater  than  the  rule  requires,  the 
interior  will  be  found  to  have  the  requisite  stability  without  any  addition  to  their  thickness. 

1562.  We  shall  conclude  the  observations  under  this  head,  by  reference  to  a  house  built  by 
Palladio  for  the  brothers  Mocenigo,  of  Venice,  to  be  found  in  his  works,  and  here  given  (^fy. 
609. ).  Most  of  the  buildings  of  this  master  are  vaulted  below ;  but  the  one  in  question  is  not 
in  that  predicament.  The  width  and  height  of  the  principal  rooms  is  16  ft,  and  they  arc 
separated  by  others  only  8  ft  wide,  so  that  the  widtii  which  each  wall  separates  is  25|  ft, 

and  their  thickness  consequently  should  be   -^^-  =  1 S  in.  10  lines.    The  walls,  as  executed, 


Poiitit  of  Safiport. 


Oflht  Slabililg  if  Pitn, 

1563.  Let  ABCD  (Jlp.  6ia)  be  >  pUr  with  ■  sqnsre  bate  whoK  resistance  is  required 
to  be  known  in  Te*pect  of  b  power  at  M  acting 

upon  it  to  Dierturn  it  horitontall]'  in  the  direction 
MA,  or  obliquely  in  thai  oF  NA  upon  the  point  D. 
To  render  the  demonstration  more  simple,  we  will 
eonrider  the  aolid  reduced  to  a  pUine  psiung  : 
through  G,  the  centre  of  graTit;  of  the  pier,  and  the 
point  D,  that  upon  which  the  pawer  is  supposed  to 
eauK  it  to  tuiiL  Letting  bll  horn  G  the  Teitical 
cutting  the  base  in  I,  to  which  we  willnippoae  the 
weight  of  the  pier  suspended,  and  then  supposing 
tbe  pier  remored,  we  shall  onl  j  hsTe  to  consider  the 
angular  lever  BDI  or  HDI,  whose  amu  are  deter- 
mined hyperpendicularsdrawn  from  the  fulcrum  D, 
in  one  direction  vertical  with  the  wught,  and  in  the 

other  perpendicular  to  the  direction  of  the  power  n«.»io. 

acting  upon  the  pier,  according  to  the  theor;  of  the  lerer  ciptained  in  ■  pteiious  section. 

1564.  The  direction  of  the  weight  R  being  always  represented  by  a  vertical  let  tail  fi-om 
tbe  centre  of  gravity,  the  bttd  of  its  lever  ID  never  changes,  whatever  the  direction  of  the 
power  and  the  height  at  which  it  is  applied,  whilst  the  arm  of  the  lever  of  the  power  varies 
■1  ita  position  and  direction.      That  there  may  be  equilibrium  between  the  effort  of  the 

lontal  direction,  we  have  M  :  R::JD  ;  DB,  whence  MkDB=R«  ID  and  M^-^b"' 
If  the  direction  of  the  power  be  oblique,  as  NA  in  the  case  of  an  cquillbriuni,  N  :  R::ID 
:  DH;  hence  NiDH-RxlDand  Ii=^^- 

1565.  Applying  this  in  an  example,  let  the  height  of  the  pier  be  19  ft.,  its  width  4  ft.,  and 
iti  thickfien  1  ft.  The  weight  R  of  the  pier  may  be  represented  by  its  cube,  and  is  there- 
fore 13  X  4  >  1  ^48.  The  arm  of  iu  lever  ID  wHl  be  3,  and  we  will  take  the  horiionta) 
povrer  M  represented  hy  DBat  19;  with  these  values  we  shall  have  M  :4S::!  :  12;  hence 
M  *  19  =  48  X  2  and  M^'^J-'^S. 

That  is,  the  eftbrt  of  the  horizontal  power  M  should  be  equal  to  the  weight  of  8  cube 
feet  of  the  materials  whereof  tbe  pier  is  composed,  to  be  in  equilibrium. 

1566.  In  respect  of  the  oblique  power  which  acts  in  the  direction  NA,  supposing  DH 
-71,  wehaveNMBL:2  :  TJ.  whence  N  .  71  =  48  x  2,  therefore  N-—=T—-l.')i.  whilst  the 
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expression  of  the  hoxirontal  power  M  was  only  8  ft. ;  but  it  must  be  observed,  that  the  arm 
of  the  lever  is  12>  whilst  that  of  the  power  N  is  but  7)  ft. ;  but  13^  x  7|»8  x  12  =  96, 
which  is  also  equal  to  the  resistance  of  the  pier  expressed  by  12  x  4  x  2sb96.  It  is  more- 
over essential  to  observe,  that,  considering  the  power  NA  as  the  result  of  two  others,  MA 
and  FA,  the  first  acting  horizontallv  from  M  against  A,  tends  to  overthrow  the  pier ;  whilst 
the  second,  acting  vertically  in  the  direction  FA,  partly  modifies  this  effect  by  increasing  the 
resistance  of  the  pier. 

1567.  Suppose  the  power  NA  to  make  an  angle  of  53  degrees  with  the  vertical  AF, 
and  of  37  degrees  with  tlie  horixontal  line  AM ;  then 

NA  :  FA  :  MA::rad.  :  sin.  37  deg.  :  sin.  53  deg.  ::10  :  6  :  8. 

Hence,  NA  bein^  found  a«l3^,  we  have  10  :  6  :  8::I3)  :  8  :  10). 

Whence  it  is  evident  that,  from  this  resolution  of  the  power  NA,  the  resistance  of 
the  pier  is  increased  by  the  eiR>rt  of  the  power  FA  » R,  which,  acting  on  the  point  A  in  the 
direction  FA,  will  make  the  arm  of  its  lever  CDs 4,  whence  its  eflfbrt  b8  x  4  =  32. 

1568.  The  resistance  of  the  pier,  being  thus  found  b96,  becomes  by  the  effort  of  the 
power  FA— 96  +  32=128. 

1569.  The  effort  of  the  horizontal  power  M  being  10{,  and  the  arm  of  its  lever  being 
always  1 2,  its  effort  1 28  will  be  equal  to  the  resistance  of  the  pier,  which  proves  that  in 
this  resolution  we  have,  as  before,  the  effort  and  the  resistance  equaL  The  a^iplication  of 
this  proposition  is  extremely  usdul  in  valuing  exactly  the  effects  of  parts  of  buildings 
which  become  stable  by  means  of  oblique  and  lateral  thrusts. 

1570.  If  it  be  required  to  know  what  should  be  the  increased  width  of  the  pier  to  coun- 
terpoise the  vertical  effort  £A,  its  expression  must  be  divided  by  ID,  that  is,  8  x  2,  which 
gives  4  for  this  increased  length,  and  for  the  expression  of  its  resistance  (12  +  4)  x  4  x  2 
b128,  as  above. 

1571.  If  the  effort  of  the  power  be  known,  and  the  thickness  of  a  pier  or  wall  whose 
height  is  known  be  sought  so  as  to  resist  it,  let  the  power  and  parts  of  the  pier  be  repre- 
sented by  different  letters,  as  follows.  Calling  the  power  p,  the  height  of  Uie  pier  d,  the 
thickness  sought  x ;  if  the  power  p  act  in  an  horizontal  direction  at  the  extremity  of  the 
wall  or  pier,  its  expression  will  bepxd.    The  resistance  of  the  pier  will  be  expressed  by  its 

area  multiplied  by  its  arm  of  lever,  that  is,  if  x  x  x  5  ;   and  suppoung  equilibrium,  as  the 

resistance  must  be  equal  to  the  thrust,  we  shall  have  the  equation  p  x  d^d  x  «  x  |.       Both 

sides  of  this  equation  being  divisible  by  d,  we  have  p=x  x  5  ;  and  as  the  second  term  is 

divided  by  2,  we  obtain  2p=r  x  x  or  x* ;  that  is,  a  square  whose  area  b2;p,  and  of  which  x 

is  the  side  or  root,  or  xc«  V2p,  a  formula  which  in  all  cases  expresses  the  thickness  to  be 

§iven  to  the  pier  OO  to  resist  a  power  M  acting  on  its  upper  extremity  in  the  horizontal 
irection  MA. 

1572.  In  this  formula,  the  height  of  the  pier  need  not  be  known  to  find  the  value  of  x, 
because  this  height,  being  common  to  the  pier  and  the  arm  of  the  lever  of  the  power,  does 
not  alter  the  result ;  for  the  cube  of  the  pier,  which  represents  its  weight,  increases  or  di- 
minishes in  the  same  ratio  as  the  lever.  Thus,  if  the  height  of  the  pier  be  12,  15,  or  24  ft, 
its  thickness  will  nevertheless  be  the  same. 

Example.  —  If  the  horizontal  power  expressed  by  />  in  the  formula  xs  VTp  be  8,  we 
have  x=  \/16=4  for  the  thickness  of  the  pier.  Whilst  the  power  acting  at  the  extremity 
of  the  pier  remains  the  same,  the  thickness  is  suflScient,  whatever  the  height  of  the  pier. 
Thus  for  a  height  of  12  ft  the  effort  of  the  power  will  be  8  x  12»96,  and  the  resistance 
12x4  X  2-r96.  If  the  pier  be  15  ft.  high,  its  resistance  will  be  15  x  4  x  2  =  120,  and  the 
effort  of  the  power  8  x  15  =  120.  Lastly,  if  the  height  be  24  ft.,  the  resistance  will  be 
24  X  4  X  2= 1 92,  and  the  effort  of  the  power  8  x  24= 1 92. 

1573.  If  the  point' on  which  the  horizontal  force  acts  is  lower  than  the  wall  or  pier,  the 

difference  may  be  represented  by  /;   and  then  p  x  (d—f)=^d  x  x  x  J  ; 

Which  becomes  2pd^2pf^dxx  and  S|p— Y=xx; 

Lastly  x  =  v/%>-^. 

Suppose />=9.  /■■6  and  (f=12, 

y         18x6         ""^ 
the  formula  becomes  x= v  18 fs"—  v^9  =  3,  which  is  the  thickness  sought. 

1574.  When  the  power  NA  is  oblique,  the  thickness  may  be  equally  well  found  by  the 
arm  of  lever  DH,  by  resolving  it  into  two  forces,  as  before.    Thus,  in  the  case  of  the  oblique 

power  />»13|,  calling  /  its  arm  of  lever  7J,  we  shall  have  p  x/a=  ^,  which  will  become 

W. 
d  ■ 


rxx,   whence  x  =  \/-2~«    ^^^    which,   substituting  the  known  values,   we  have  x^ 


i/2x  131x74       .  ,— 

j-gj *;  whence  x=  vl6=4,  the  tluckness  sought  of  the  pier. 
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1575.  In  resolving  the  oblique  effort  NA  into  two  forces,  whereof  one  MA  tends  to 
overturn  the  pier  by  acting  in  an  horizontal  direction,  and  the  other  /A  to  strengthen  it  by 
acting  verticaJly,  as  before  observed ;  let  us  represent  the  horizontal  effort  MA  hy  p,  its  arm 
of  lever,  equal  to  the  height  of  the  pier,  by  d,  the  vertical  effort /A  by  n ;  the  arm  of  lever  of 
the  last-named  effort,  being  the  thickness  sought,  will  be  x ;  from  which  we  have  the  equation 

pd« ^  +  nor,  or  2p =xx  +  ™ . 

1576.  As  the  second  member  of  this  equation  is  not  a  perfect  square,  let  there  be  added 
to  each  side  the  term  wanting,  that  is,  the  square  ^  the  half  of  the  quantity  ~^,  which 
multiplied  x  in  the  second  term,  whence 

1577.  The  second  member,  by  this  addition,  having  become  a  square  whoee  root  is  x  +  ?' 

we  shall  have  *  +  J  "•  V  2p  +  ^  and  lastly  x«  \/ ^l»  +  ^  —J  ^'^  ^  *^®  general  formula 
for  finding  the  thickness  x. 

ApplieaHon  of  the  Formula. 

1 578.  Let  />  =  10},ii=s8,  d»12.     Substituting  these  values  in  the  formula,  it  will  become 

X-  vio|  X  2  +  ft-A-  a/zij^  j-i-  vairpi =4. 

1579.  I^  for  proof,  we  wish  to  calculate  the  expresdon  of  the  resistance,  by  placing  in  the 
equation  of  equilibrium  ^}d=sdT^  x  nx,  the  values  of  the  quantities  p,  d,  and  x,  above  found* 

we  shall  have 

10]  X  1 2si  12  X  4  X  2  +  8  =  1 28,  as  was  previously  found  for  £A. 

1 580.  From  the  preceding  rules,  it  appears  that  all  the  effects  whose  tendency  is  to  destroy 
an  edifice,  arise  from  weight  acting  in  an  inverse  ratio  to  the  obstacles  with  which  it  meets. 
When  heavy  bodies  are  merely  laid  on  one  another,  the  result  of  their  efforts  is  a  simple 
pressure,  capable  of  producing  settlement  or  fracture  of  the  parts  acted  upon. 

1581.  Foundations  whose  bases  are  spread  over  a  much  greater  extent  than  the  walls 
imposed  upon  them,  are  more  susceptible  of  settlement  than  of  crushing  or  fracture.  But 
isolated  points  of  support  in  the  upper  parts,  which  sometimes  carry  great  weights  on  a 
small  superficies,  are  susceptible  both  of  settlement  and  crushing,  whilst  the  weight  they 
have  to  sustain  is  greater  than  the  force  of  the  materials  whereof  they  are  formed;  which 
renders  the  knowledge  of  the  strength  of  materials  an  object  of  consequence  in  construction, 
'nil  of  late  years  it  was  not  thought  necessary  to  pay  much  attention  to  this  branch  of 
construction,  because  most  species  of  stone  are  more  than  sufficiently  hard  for  the  greatest 
number  of  cases.  Thus,  the  abundant  thickness  which  the  ancients  generally  gave  to  all 
the  parts  of  their  buUdings,  proves  that  with  them  this  was  not  a  subject  of  consideration ; 
and  tlie  more  remotely  we  go  into  antiquity,  the  more  massive  is  the  construction  found  to 
be.  At  last,  experience  taught  the  architect  to  make  his  buildings  less  heavy.  Columns, 
which  among  the  Egyptians  were  only  5  or  6  diameters  high,  were  carried  to  9  diameters 
by  the  Greeks  in  the  Ionic  and  Corinthian  orders.  The  Itomans  made  their  columns  still 
higher,  and  imparted  greater  general  lightness  to  their  buildings.  It  was  under  the  reign 
of  Constantine,  towards  the  end  of  the  empire,  that  builders  without  taste  carried  their 
boldness  in  light  construction  to  an  extraordinary  degree,  as  in  the  ancient  basilicie  of 
St.  Peter's  at  Rome  and  St.  Paolo  fiiorl  le  muri.  Later,  however,  churches  of  a  different 
character,  and  of  still  greater  lightness,  were  introduced  by  the  Gothic  architects. 

1582.  The  invention  and  general  use  of  domes  created  a  very  great  load  upon  the  sup- 
porting piers ;  and  the  earlier  architects,  fearful  of  the  mass  to  be  carried,  gave  their  piers 
an  area  of  base  much  greater  than  was  required  by  the  load  supported,  and  the  nature  of 
the  stone  used  to  support  it.  They,  moreover,  in  this  respect,  did  little  more  than  imitate 
one  another.  The  piers  were  constructed  in  form  and  dimensions  suited  rather  to  the 
arrangement  and  decoration  of  the  building  that  was  designed,  than  to  a  due  apportion- 
ment of  the  size  and  weight  to  the  load  to  be  borne  ;  so  that  their  difference  from  one 
another  is  in  every  respect  very  considerable. 

The  piers  bearing  the  dome  of  St  Peter's  at  Rome  are  loaded  with  a  weight  of  14*964 

tons  for  every  superficial  foot  of  their  horizontal  section. 
The  piers  bearing  the  dome  of  St.  Paul's  at  London  are  loaded  with  a  weight  of  17 '705 

tons  for  every  superficial  foot  of  their  horizontal  section. 
The  piers  bearing  the  dome  of  the  Hospital  of  Invalids  at  Paris  are  loaded  with  a  weight 

of  13*598  tons  for  every  superficial  foot  of  their  horizontal  section. 
The  piers  bearing  the  dome  of  the  Pantheon  (St.  Genevieve)  at  Paris  are  loaded  with  a 

wMght  of  26  '934  tons  for  every  superficial  foot  of  their  horizontal  section. 
Tlie  columns  of  St.  Paolo  fuori  le  mura,  near  Rome,  are  loaded  with  a  weight  of  18*123 

iaoB  for  every  superficial  foot  of  their  horizontal  section. 
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In  the  church  of  St.  Mi^'ry,  the  piers  of  the  tower  are  loaded  with  upwards  of 
27  tons  to  the  superficial  foot.  With  such  a  discrepancy,  it  is  difficult  to  say,  without  a 
most  perfect  knowledge  of  the  stone  employed,  what  should  be  the  exact  weight  per  foot 
The  dome  of  the  Hospital  of  the  Invalids  seems  to  exhibit  a  maximum  of  pier  in  relation 
to  the  weight,  and  tliat  of  the  Pantheon  at  Paris  a  minimum.  All  the  experiments 
(scanty,  indeed,  they  are)  which  we  can  present  to  the  reader  are  those  given  at  the 
beginning  of  this  section.  In  this  country,  the  government  has  always  been  too  much 
employed  in  considering  how  long  it  can  keep  itself  in  place,  to  have  time  to  consider  how 
the  services  of  its  members  could  benefit  the  nation  by  the  furtherance  of  science.  An 
exactly  opposite  conduct  has  always  marked  the  French  government :  hence  more  scientific 
artists  are  always  found  amongst  them  than  we  can  boast  here,  where  the  cost  of  experi- 
ments invariably  comes  out  of  the  artist's  pocket. 

Ratio  of  the  Points  of  Support  in  a  Building  to  itt  total  Superficies. 

1583.  In  the  pages  immediately  preceding,  we  have,  with  Rondelet  for  our  guide, 
explained  the  principles  whereon  depend  the  stabilities  of  walls  and  points  of  support,  with 
their  application  to  diiferent  sorts  of  buildings.  Not  any  point  relating  to  construction  is 
of  more  importance  to  the  architect.  Without  a  knowledge  of  it,  and  the  mode  of 
even  generating  new  styles  from  it,  he  is  nothing  more  than  a  pleasing  draughtsman 
at  the  best,  whose  elevations  and  sections  may  be  very  captivating,  but  who  must  be  con- 
tent to  take  rank  in  about  the  same  degree  as  the  portrait  painter  does  in  comparison  with 
him  who  paints  history.  Hereafter  will  be  given  the  method  of  properly  covering  the  walls, 
one  which  has  occupied  so  much  of  our  space ;  namely,  when  we  treat  of  the  subject  of 
Roors,  and  the  method  of  framing  them.  It  is  equally  important,  and  of  as  high  value 
to  the  architect,  as  that  which  we  are  now  quitting,  to  which  we  regret  our  limits  do  not 
allow  us  to  add  more :  but  previous  to  leaving  it,  we  must  subjoin  a  table  of  great  instruc- 
tion, showing  the  ratio  of  the  points  of  support  to  the  total  superficies  covered  in  some  of 
the  principal  buildings  of  Europe. 

Table  showing  the  ratio  or  tub  Walls  and  Points  or  SvrroKT   or  thb   raiNciPAL 
Eniricss  or  Eukofb  to  tub  total  Area  which  thxt  occupy. 


^^^v  ^&  A  ^^  ■     a  -  -  —  ^^ 

Total  Area 

Ratio  in 

Msmet  of  Bdiflcea. 

Total  Ares 
of  the  Build- 
ing in  Enffllsh 
Buperflcial 
feet 

of  the  Points 

of  Supnort 

in  EnKliah 

•uperfidal 

feet. 

ThouMudths 

of  the  PolnU 

of  Support  to 

the  total 

Area. 

The  Pantheon  at  Rome              ... 

34,328 

7,954 

0-232 

Temple  of  Peace  at  Rome         ... 

67,123 

8,571 

0-127 

Great  temple  at  Po^stum            ... 

15,353 

2,649 

0172 

Ancient  temple,  Galuzzo,  at  Rome 

9,206 

2,167 

0-235 

Temple  of  Concord,  Girgenti,  Sicily 

6,849 

1,330 

0194 

Temple  of  Juno  Luciiui,  Sicily 

6,821 

1,110 

0163 

Central  building  of  the  baths  of  Caracalla 

275,503 

48,911 

0176 

Central  building  of  the  baths  of  Diocletian 

351,636 

58,797 

0167 

Temple  of  Claudius  at  Rome,  now  church  of 

S.  Stcfano     .             -             -             -             . 

36,726 

2^51 

0^056 

Mosque  of  S.  Sophia  at  Constantinople 

103,200 

22,567 

0-217 

Basilica   of  S.  Paolo   fuorl    le  muri  (Rome), 

1816               ..... 

106,513 

12,655 

0-118 

Duomo  of  S.  Maria  del  fiore  at  Florence 

84,802 

17,030 

0-201 

Duomo  of  S.  Maria  del  fiore  at  Milan 

125,853 

21,635 

0-169 

St.  Peter's  at  Rome,  as  executed 

227,069 

59,308 

0-261 

St.  Peter's  at    Rome,  as  projected  by  Bramante 

213,610 

46,879 

0-219 

Church  of  S.  Vitale  at  Ravenna 

7,276 

1,142 

0-157 

Church  of  S.  Pietro  a  Vincola,  Rome  - 

21,520 

3,353 

0-155 

Church  of  S.  Sabino  —  destroyed 

15,139 

1,543 

0100 

Church  of  S.  Domenico,  Palermo 

34,144 

4,988 

0-146 

Church  of  S.  Giuseppe,  Palermo 

26,046 

3,611 

0139 

Church  of  S.  Filippo  Neri,  Naples 

22,826 

2,944 

0-129 

Church  of  St.  Paul's,  I^ndon 

84,025 

14,311 

0170 

Church  of  Notre  Dame,  Paris 

67,.343 

8,784 

0140 

Hotel  of  the  Invalids,  Paris       ... 

29,003 

7,790 

0-268 

Church  of  S.  Sulpice,  Paris       ... 

60,760 

9,127 

0-151 

Church  of  S.  Genevieve,  Paris 

60,287 

9,269 

1 

0-154 

The  above  table  exhibits  also  the  comparative  sizes  of  the  diflTerent  buildings  named  in  it. 


Frtnure  of  Bartk  agaiiul  WaUi. 

1584.  It  is  not  our  inUntian  to  punue  thii  bnoeh  of  the  practice  of  walling  to  a4iy 
ut«nt,  tfae  dctennin&tion  of  the  tliickneia  of  walla  in  thii  predicament  being  more  usefiil, 
perhipi,  to  the  engineer  than  to  the  architect.  We  (hall  therefore  be  contented  vith  but 
a  concue  mention  oT  it  Rondetet  hu  (with,  a*  ire  eonnder.  great  Judgment)  adopted  the 
theory  of  Belidor,  in  hii  Sciena  dtt  hgtaiturt,  and  we  ibaJl  follow  him.  Without  the 
aligbtect  disreipect  to  later  authan,  we  know  IVom  our  own  practice  that  walls  oT  Rrvflt- 
rntnt  may  be  built,  with  security,  of  much  leas  thickneu  than  either  the  theories  of  Belidor. 
or,  latterly,  of  modem  writen  require.  We  entirely  lean  out  of  the  question  the  rules  of 
Dr.  Hutton  in  bis  Mathematics,  as  absurd  and  incomprehensible.  The  bet  is,  that  in 
carrying  up  walls  to  sustain  a  bank  of  cuth,  nobod;,  in  the  present  day,  would  dream  oT 
eonitructing  them  without  carefiiUy  ramming  down  the  earth,  layer  by  layer,  as  the  wall 
is  carried  up,  »  aa  to  present  the  weight  of  the  earth,  in  s  triangular  section,  presung 
upon  the  wall,  which  is  the  foundation  of  all  the  theory  on  the  subject.  With  thii  quali- 
fication, therefbre,  we  shall  proceed  ;  preminng,  that  if  the  caution  whereof  we  speak  be 
taken,  the  thickness  resulting  from  the  following  iavcstigations  will  be  much  more  than 
the  outside  of  enough. 

ISeS.  Earth  left  to  itself  takes  a  slope  proportionate  to  its  consistence ;  but  for  our 
purpose  it  will  sufficiently  exhibit  the  nature  of  the  investigstion,  to  consider  the  substance 
pmaiDg  against  the  wall  aa  dry  land  or  pounded  freestone,  which  will  arrange  itself  in  a 
slope  of  about  SSi"  with  the  vertical  plane,  and  therefore  of  S^f  with  an  horiiontal  plane, 
as  Hondelet  found  to  be  the  case  when  experimenting  on  the  above  materials  in  a  boi.  one  of 
whose  sides  was  removable.  Ordinarily,  45"  is  taken  aa  the  mean  slope  into  which  earths 
recently  thrown  up  will  arrange  ihcroselTes. 

1536.  Belidor,  in  order  to  fonn  an  estimate  for  tfae  thrust  or  pressure  into  which  we  are 
inquiring,  divides  the  triangle  EDF  (_JIg,  611.)  representing  the  mass  of  earth  which 
creates  the  thrust,  by  parallels  to  its  bate 
ED,  fonoing  slices  or  sections  of  equal 
thickness  and  similar  form  i  whence  it 
follows,  that,  taking  the  first  triangle  aFb 
as  unity,  the  second  slice  will  be  3,  the 
third  5,  tfae  fourth  T,  and  so  on  in  a  pro- 
gression whose  diSerenee  is  2. 

1587.  Eacfa  of  theae  section*  bang 
supposed  to  slide  upon  an  ineliDed  plane 
parallel  to  ED,  so  as  to  act  upon  (he  bee 
FU,  if  we  multiply  tfaera  by  tfae  mean 
facight  at  which  they  a>llecti*ely  act,  tfae 

sum  of  the  products  will  give  the  total  '<■-  *"- 

effort  tending  to  oTertum  the  wall ;  but  aa  this  sum  ia  equal  to  the  product  of  the  whole 
triangle  by  Uie  height  determined  by  a  line  drawn  from  its  centre  of  oravit;  parallel  to 
the  base,  this  last  will  be  the  method  followed,  as  mucb  less  complicated  than  that  which 
Belidor  adopta,  independent  of  some  i^  that  author'a  auppositions  not  being  rigorously 

1588.  The  box  in  which  the  eiperiment  was  tried  by  Rondelet  wai  I6J  in.  (French) 
long,  ISin.  wide,  and  ITJin.  high  in  the  clear.  As  the  alupe  which  the  pounded  free- 
stone took  when  unaupporied  in  front  formed  an  angle  with  the  horiion  of  341°.  ""e  height 
A  E  is  1 1 L  so  that  the  part  acting  againit  the  front,  oi  that  side  of  the  box  wbere  would  be 
the  wall,  B  represented  by  the  triangle  EDF. 

1589.  To  find  by  calculation  the  value  of  the  force,  and  the  thickness  which  should  be 
given  to  the  opposed  aide,  we  must  first  find  the  area  of  tfae  triangle  EDF=  '^-li*-931 ; 
but  aa  tfae  specific  gravity  (or  equal  masa)  of  the  pounded  stone  is  onlj  ^  of  that  of  the 
atone  or  other  species  of  wall  vfaich  is  to  resist  the  effort,  it  will  be  reduced  to  75)  x  H^SI. 
This  maas  being  supposed  to  slide  upon  the  plane  ED,  its  effort  lo  its  weight  will  be  as 
AEis  to  ED::lli:  ao,  or  81  x'^*-45-9,  which  rauat  be  considered  as  the  oblique 
power  qr  paasing  through  the  centre  of  gravity  of  the  mass,  and  acting  at  the  extremity  of 
the  lever  ■"*.  To  ascertain  the  length  of  the  lever,  upon  whose  length  depends  thf  thick- 
ness of  the  side  wbi^  is  unknown,  we  have  the  umilar  triangles  gir,  qhv,  and  kio,  whose 
aides  are  proportional  i  whence  qs  ;  sr::^*  ;  *«i  and  aa  io^M  —  ho,  we  have  jr  :  r«::*i  — 

Whence,  ./-'^-^"■'•. 
The  three  sides  of  the  triangle  9«r  are  known  from  the  position  of  the  angle  j  at  the  centre 
of  gravity  of  the  great  triangle  EFD,  whence  each  of  tfae  aides  of  the  small  triangle  ia 
eqiul  to  one  third  of  those  of  the  larger  one,  to  which  it  is  correspondent. 
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Tbe  unlcDoim  tide       th—x, 

Hiepnnure  45 '9  found  —p. 

The  height  DF  —d, 

Weh««fc:e;;i  +  a:^^-Ao,.iid  h 
To  oblun  Ik,  we  hSTe  (he  proportion  a 
Wheneei*— ^^=^=^5  wtba' 

d  by  ^  "'»'  equilibrate. 

CDnd  degree,  wliich  nwke*  x  —  ^''Um  -l-  nn  —  n,  which  is  a  genenl  rormuli 

S-51  p  =  45ft 

n=pb*i^  becomen  m-^S-anSix  ^'^^  =  1370  aud  3m-35-4: 
pe  4S-9>3'75 

From  the  abo»e,  then,  the  formula  1=  V'smTm-d  liemmes*—  v'si"S'4  +  i-aO-2-28  = 
3'22,  a  result  which  wm  confirmed  by  Iho  eiperiment,  inannuch  as  ■  being  of  the  thick- 
ness of  3\  inches  was  found  neceuai;  to  resist  the  pressure  of  pounded  freestone.  Bj 
Belidoi's  method,  the  thiclinea  comes  out  4J,  inches  i  hut  it  baa  beta  observed  that  its 
application  is  not  strictlir  correct.  In  the  foregoing  eipcrimeot,  the  triangular  part  only 
(d'ihe  material  in  tlie  boi  was  ftlled  with  the  pounded  stone,  the  lower  part  being  supposed 
of  materisi  wliich  could  not  csmmunicate  pressure.  But  if  the  whole  of  the  boi  had  been 
filled  with  tile  nme  material,  the  requisite  thickness  would  have  been  found  to  be  jj  inches 
to  bear  the  pressure. 

1590.  In  applying  [he  preceding  fbrmula  to  this  ease,  we  must  Snt  find  the  area  ol  Ibo 
irapesium  BEDF(jl?.  612.), 
which  will  be  found  195); 
multiplying  this  by  .(J,  to  re- 
duce the  rctuning  wall  and 
the  material  to  the  same  spe- 
cific graiity,  we  have  169^ 
This  mass  being  mpposed  to 
slide  upon  the  inclined  plane 
ED,  its  effort  parallel  to  (hat 
plane  will  be  I95J  x '^*  = 
95  "76 —p.  Haling  found  in 
the  last  formula  that  qt  is  r^ 
presenled  by  t  =  K-93,  tr  by 
c  =  4-76,  gr  by  a=S-40, /= 
11-3,  d^n-Si  the  thicknem 
of  the  retaining  wall  becomes 

=»A-jr;Bi=pi.x-'=5willbe-  »*»11. 

come,  Bubnituting  (he  valiii's 

95'76«  6-93,  i^/4=S9.5Z  and  3«  =  5a«l,  a  =  JS  become,  ||?^^_3-|,  and  «- 
he  formula  i  =  a'Sui  +  ■■  - b,  we  have  r  =  ''5904  +  S*! 
ory  of  the  theory. 

J  J31.  in  un  eipenmeni  maae  on  common  dry  earth,  reduced  tt 
slope  of  4^'  SO',  its  specific  gravity  being  only  i  of  (hat  of  the  ret 
that  thv  thickness  necessary  was  3  inches  /^ 

1592.  It  iscommon,inprw»ice,  to  strengthen  walla  for  the  retention  of  earth  with  piers 
at  certain  mtervals,  which  arc  called  taunlrrforl;  by  vfhicb  the  wall  o" 
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strength ;  but  after  what  we  have  said  in  the  beginning  of  this  article,  on  the  dependence 
that  is  to  be  placed  rather  on  well  ramming  down  each  layer  of  earth  at  the  back  of  the 
wall,  supposing  it  to  be  of  ordinary  thickness,  we  do  not  think  it  necessary  to  enter  upon  any 
calculation  relative  to  their  employment.  It  is  clear  their  use  tends  to  diminish  the  requi- 
site thickness  of  the  wall,  and  we  would  rather  recommend  the  student  to  apply  himself  to 
the  knowledge  of  what  has  been  done,  than  to  trust  to  calculation  for  stability,  though  we 
think  the  theory  ought  to  be  known  by  him. 


Skct.  XI. 

MZCHANZCAL   CABPKMTET. 

1593.  The  woods  used  for  the  purposes  of  carpentry  merit  our  attention  from  their 
importance  for  the  purpose  of  constructing  solid  and  durable  edifices.  They  are  often 
employed  to  carry  great  weights,  and  to  resist  great  strains.  Under  these  circumstances, 
their  strength  and  dimensions  should  be  proportioned  to  the  strains  they  have  to  resist. 
For  building  purposes,  oak  and  fir  are  the  two  sorts  of  timber  in  most  common  use. 
Stone  has,  doubtless,  the  advantage  over  wood :  it  resists  the  changes  of  moisture  and 
dryness,  and  is  less  susceptible  of  alteration  in  the  mass ;  hence  it  ensures  a  stability  which 
belongs  not  to  timber.  The  fragility  of  timber  is,  however,  less  than  tliat  of  stone,  and  its 
facility  of  transport  is  far  greater.  The  greatest  UKonvenience  attending  the  use  of 
timber,  is  its  great  susceptibility  of  ignition.  This  has  led,  in  this  as  in  every  age,  to  ex- 
pedients for  another  material,  and  in  public  buildings  the  object  may  be  attained.  In 
private  buildings,  the  cost  of  the  substitute  will  not  permit  the  employment  of  otlier  than 
the  material  which  is  the  subject  of  our  section. 

1 594.  Oak  is  one  of  the  best  woods  that  can  be  employed  in  carpentry.  It  has  all  the 
requisite  properties ;  such  as  size,  strength,  and  stiffness.  Oaks  are  to  be  found  capable  of 
furnishing  pieces  60  to  80  ft.  long,  ana  2  ft.  square.  In  common  practice,  beams  rarely 
exceed  96  to  40  ft.  in  length,  by  2  ft.  square. 

1595.  In  regard  to  its  durability,  oak  is  preferable  to  all  other  trees  that  ftimish  equal 
lengths  and  scantlings :  it  is  heavier,  better  resists  the  action  of  the  air  upon  it,  as  well  as 
that  of  moisture  and  immersion  in  the  earth.  It  is  a  saying  relating  to  the  oak,  that  it 
grows  for  a  century,  lasts  perfect  for  a  century,  and  takes  a  century  to  perish.  When  cut 
at  a  proper  season,  used  dry,  and  protected  from  the  weather,  it  lasts  from  500  to  600 
years.  Oak,  like  other  trees,  varies  in  weight,  durability,  strength,  and  density,  according 
to  the  soil  in  which  it  grows.  The  last  is  always  in  an  inverse  proportion  to  the  slowness 
of  its  growth ;  trees  which  grow  slowest  being  invariably  the  hardest  and  the  heaviest 

1596.  From  the  experiments  made  upon  oak  and  other  sorts  of  wood,  it  is  found  that 
their  strength  is  proportional  to  their  density  and  weight ;  that  of  two  pieces  of  the  same 
species  of  wood,  of  Uie  same  dimensions,  the  heavier  is  usually  the  stronger. 

1597.  The  weight  of  wood  will  vary  in  the  same  tree ;  usually  the  heaviest  portions  are 
the  lower  ones,  from  which  upwards  a  diminution  of  weight  is  found  to  occur.  In  frill- 
grown  trees,  however,  this  difference  does  not  occur.  The  oak  of  France  is  heavier  than 
that  of  England ;  the  specific  gravity  of  the  former  varying  frt)m  1000  to  1054,  whilst  the 
latter,  in  the  experiments  of  Barlow,  varies  frova,  770  to  920.  The  weight,  therefore,  of 
an  English  cube  foot  of  French  oak  is  about  58  English  pounds.  Umber  may  be  said  to 
be  well  seasoned  when  it  has  lost  about  a  sixth  part  of  its  weight. 

1 598.  In  carpentry,  timber  acts  with  an  absolute  and  with  a  relative  strength.  For 
instance,  that  called  the  absolute  strength  is  measured  by  the  effort  that  must  be  exerted 
to  break  a  piece  of  wood  by  pulling  it  in  the  direction  of  the  fibres.  The  relative  strength 
of  a  piece  of  wood  depends  upon  its  position.  Thus  a  piece  of  wood  placed  horizontally 
on  two  points  of  support  at  its  extremities,  is  easier  broken,  and  with  a  less  effort,  than  if 
it  was  inclined  or  upright.  It  is  found  that  a  smaller  effort  is  necessary  to  break  the  piece 
as  it  increases  in  length,  and  that  this  effort  does  not  decrease  strictly  in  the  inverse  ratio 
of  the  length,  when  the  thicknesses  are  equal.  For  instance,  a  piece  8  ft.  long,  and  6  in. 
square,  placed  horizontally,  bears  a  little  more  than  double  of  another,  of  the  same  depth 
and  thickness,  16ft.  long,  placed  in  the  same  way.  In  respect  of  the  absolute  force,  the 
difference  does  not  vary  in  the  same  way  with  respect  to  the  length.  The  following  are 
experiments  by  Rondelet,  to  ascertain  the  absolute  force,  the  specimen  of  oak  being  of 
861  specific  gravity,  and  a  cube  foot,  therefore,  weighing  49-^  lbs. 
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CoheMive  Force  of  Pieces  drawn  in  the  Direction  of  their  Z^enffth, 

First  experiment. 

A  snudl  rod  of  oak  OOSSS  in.  (■■  1  French  line)  square,  and  9*14 

in.  in  length,  broke  with  a  weight  of         -  -  -     1 15  lbs.  averdupois. 

Another  specimen  of  the  same  wood,  and  of  similar  dimensions, 

broke  with  ...  -  -     10.5ft 

Another  specimen  -  -  -^  -  -     110^ 

The  mean  weight,  therefore,  was,  in  round  numbers,  110  lbs. 
A  rod  of  the  same  wood  as  the  former,  0*177  inch  (»2  French  lines) 

square,  and  2*14  inches  long,  broke  with  a  weight  of  -     4  39)  lbs.  averdupois. 

Another  specimen  -  -  -  -  -418 

Another  specimen  -  -  -  -  -    45l\ 

The  mean  weight,  therefore,  was  4S6  lbs.  for  an  area  -jUJ)  in.  (  »:  4  square  lines 
French,  or  1 10  lbs.  for  each,  French  line  »•  0O888  in.  Englidi). 

1 599.  Without  a  recital  of  all  the  experiments,  we  will  only  add,  that  after  increasing 
the  thickness  and  length  of  the  rods  in  the  several  trials,  the  absolute  strength  of  oak  was 
found  to  be  110 lbs.  for  every  ^{{Iq  of  an  inch  area  (^1  French  line  superficial). 

The  Strength  of  Wood  in  an  upright  PosiHon. 

1 600.  If  timber  were  not  flexible,  a  piece  of  wood  placed  upright  as  a  post,  should  bear 
the  weights  last  found,  whatever  its  height ;  but  experience  shows  that  when  a  post  is 
higher  than  six  or  seven  times  the  width  of  its  base,  it  bends  under  a  similar  weight  before 
crushing  or  compressing,  and  that  a  piece  of  the  height  of  100  diameters  of  its  base  is 
incapable  of  bearing  the  smallest  weight.  The  proportion  in  which  the  strength  decreases 
as  the  height  increases,  is  difficult  to  determine,  on  account  of  the  diflerent  results  of  the 
experiments.  Rondelet,  however,  found,  after  a  great  number,  that  when  a  piece  of  oak 
was  too  short  to  bend,  the  force  necessary  to  crush  or  compress  it  was  about  49*72  lbs.  for 
every  -jf^  of  a  square  inch  of  its  base,  and  that  for  fir  the  weight  was  about  56*16  lbs. 
Cubes  dTeach  of  these  woods,  on  trial,  lost  height  by  compression,  without  disunion  of 
the  fibres  ;  those  of  oak  more  than  a  third,  and  those  of  fir  one  half. 

1 601 .  A  piece  of  fir  or  oak  diminishes  in  strength  the  moment  it  begins  to  bend,  so  that 
the  mean  strength  of  oak,  which  is  47*52  lbs.  for  a  cube  iJJJq  of  an  inch,  is  reduced  to 
2*16  lbs.  for  a  piece  of  the  same  wood,  whose  height  is  72  times  the  width  of  its  base. 
From  many  experiments,  Rondelet  deduced  the  following  progression  :  — 

For  a  cube,  whose  height  is    1 ,  the  strength  « 1 

—  —  12,  —  «l 

—  —  24,  —  «J 

—  —  36,  —  «1 

—  —  48,  —  «| 

—  -  60,  -  «,^ 

—  -  72,  -  -J, 

Thus,  for  a  cube  of  oak,  whose  base  is  1  "066  in.  area  (  » 1  square  in.  French)  placed 
upright,  that  is,  with  its  fibres  in  a  vertical  direction,  its  mean  strength  is  ex- 
pressed by  144*  X  47*52«=6842  lbs.  From  a  mean  of  these  experiments,  the 
result  was  (by  experiment)  in  Iba.  averdupois  -  .  .  .  685.3 

For  a  rod  of  the  same  oak,  whose  section  was  of  the  same  area  by  12*792  in.  high 
( ~  1 2  French  in.),  the  weight  borne  or  mean  strength  is  1 44  x  *^  g^^i«5702  lbs. 
From  a  mean  of  three  experiments,  the  result  was  ...  5735 

For  a  rod  25*584  («=  24  French)  in.  high,  the  strength  is  144  x  -^»S421  lbs.     -  SI  44 

For  a  rod  38*376  («S6  French)  in.  high,  the  strength  is  144  x  ~^^^%\  lbs.     -  2336 
For  a  rod  51*160  (» 48  French)  in.  high,  the  strength  is  144  x  ^^»  1140 lbs. 
For  a  rod  63*960  (=60  French)  in.  high,  the  strength  is  144  x  ^^«  570 lbs. 

For  a  rod  76*752  (-72  French)  in.  high,  the  strength  is  144  x  ^^^  285  lbs. 

For  a  cube  of  fir,  whose  sides  are  1  "066  in.  area  (  —  1  square  in.  French),  placed  as 

before,  with  the  fibres  in  a  vertical  direction,  we  have  144  x  56*16—8087  lbs.  -  8089 

•  The  French  inch,  consUtlng  of  144  lines. 
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For  a  square  rod,  whose  base  was  1  *066  in.  area  (« 1  square  in.  French),  12*792  in. 

high,  we  have  144  x^^— =6739lbs.             -                 -                 -                 -  6863 

For  a  rod  25*584  («24  French)  m.  high,  144  x  ^-4043  Ib^           -                 -  3703 

For  a  rod  38-376  (-36  French)  in.  high,  144  x  ^«2696  lbs.           -                 .  2881 


For  a  rod  51*160  (»4d  French)  in.  high,  144  x  ^-=1348  lbs. 
For  a  rod  63*960  (->60  French)  in.  high,  144  x  -j^- »  674  lbs. 
For  a  rod  76*752  (-72  French)  in.  high,  144+^;^-«   337  lbs. 

The  rule  by  Rondelet  above  given  was  that  also  adopted  bv  MM.  Perronet,  Lam- 
blardie,  and  Girard.  In  the  analytical  treatise  of  the  last-named,  some  experiments  are 
shown,  which  lead  us  to  think  it  not  very  far  from  the  truth.  From  the  experiments,  more- 
over, we  learn,  that  the  moment  a  post  begins  to  bend,  it  loses  strength,  and  that  it  is  not 
prudent,  in  practice,  to  reduce  its  diameter  or  side  to  less  than  one  tenth  of  its  height. 

1602.  In  calculating  the  resistance  of  a  post  after  the  rate  of  only  10*80  for  every  1 066 
superficial  line  English  (»!  line  super.  French),  which  is  much  less  than  one  quarter  of 
the  weight  under  which  it  would  be  crushed,  we  shall  find  that  a  square  post  whose  sides 
are  l*066ft.(a-l  ft.  French)  containing  22104*576  English  lines  (» 20736  French),  would 
sustain  a  weight  of  238729  lbs.  or  106  tons.  Yet  as  Uiere  may  be  a  great  many  circum- 
stances, in  practice,  which  may  double  or  triple  the  load,  it  is  never  safe  to  trust  to  a  post 
the  width  of  whose  base  is  less  than  a  tenth  part  of  its  height,  to  the  extent  of  5  lbs.  per 
1  -066  line ;  in  one  whose  height  is  fifteen  times  the  width  of  the  base,  4  lbs.  for  the  same 
proportion ;  and  when  twenty  times,  not  more  than  3  lbs. 

Horizontal  Pieces  of  Timber. 

1603.  In  all  the  experiments  on  timber  lying  horizontally,  as  respects  its  length,  and  sup- 
ported at  the  ends,  it  is  found  that,  in  pieces  of  equal  depth,  their  strength  mminishes  in 
proportion  to  the  bearing  between  the  points  of  support.  In  pieces  of  equal  length  between 
the  supports,  the  strength  is  as  their  width  and  the  squares  of  their  deptlis.  We  here  con- 
tinue M.  Rondelet*s  experiments. 

1604.  A  rod  of  oak  2*132  in.  (2  in.  French)  square,  and  25*584  in.  (24  in.  French)  long, 
broke  under  a  weight  of  2488  -32  lbs.,  whilst  anoUier  of  the  same  dimensions,  but  19'188  in. 
(18  in.  French)  bore  3353-40;  whence  it  appears  that  the  relative  strength  of  these  two 
rods  was  in  the  inverse  ratio  of  their  length.   The  proportion  is  1 9  '1 88  :  25  -584 : :  2488  -32  : 
3317*76,  instead  of  3353*40  lbs.,  the  actual  weight  in  the  experiment 

1605.  In  anothe^  rod  of  the  same  wood,  2-1 32  in.  wide  and  3-198  deep,  and  25 -584  in. 
bearing,  it  broke  with  a  weight  of  5532  lbs.  In  the  preceding  first-mentioned  experiment 
it  was  found  that  a  rod  of  2*132  in.  square,  with  a  bearing  25*584  in.  bore  2488 -32  lbs. 
Supposing  the  strength  of  the  rods  to  be  exactly  as  the  squares  of  their  heights,  we  should 
have  4*54  (21 .32*)  :  10*23  (3  1 98«)  ::  2488*32  :  5596-7  lbs. ;  which  the  second  rod  should 
have  borne,  instead  of  5532  lbs.  There  are  numberless  considerations  which  account  for  the 
discrepancy,  but  it  is  one  too  small  to  make  us  dissatisfied  with  the  theory. 

160^6.  In  a  third  experiment  on  the  same  sort  of  wood,  the  dimension  of  3*198  in.  being 
laid  flatwise,  and  the  2-1 32  in.  depthwise,  the  bearing  or  distance  between  the  supports 
being  the  same  as  before,  it  broke  with  a  weight  of  3573  lbs.  :  whence  it  follows  that  the 
strength  of  pieces  of  wood  of  the  same  depth  is  proportional  to  their  width.  Thus,  com- 
paring the  piece  2*132  in.  square,  which  bore  2488  lbs.,  we  ought  to  have  2*132  :  3*198 
: :  2488*32  :  3624*48,  instead  of  3573  lbs. 

1 607.  From  a  great  number  of  experiments  and  calculations  made  for  the  purpose  of 
finding  the  proportion  of  the  absolute  strength  of  oak,  to  that  which  it  has  when  lying 
horizontally  between  two  points  of  support,  the  most  simple  method  is  to  multiply  the 
area  of  the  piece  in  section  by  half  the  absolute  strength,  and  to  divide  the  product  by  the 
number  of  Umes  its  depth  is  contained  in  the  length  between  the  points  of  support. 

1608.  Thus,  in  the  experiments  made  by  Belidor  on  rods  of  oak  3  French  («3*198 
English)  ft.  long,  and  1  French  (»1'066  in.  English)  in.  square,  the  mean  weight 
under  which  they  broke  was  200*96  lbs.  averdupois.  Now,  as  the  absolute  strength  of 
oak  is  firom  98  to  1 10  lbs.  for  every  tJ{JJ|q  in.  (  » 1  French  line),  the  mean  strength  will  be 
104  and  52  lbs.  for  its  half,  and  the  rule  will  become  (144  lines,  being  »l  French  in.) 

iViTf^  . « 207 -30  lbs.,  instead  of  200*96  lbs. 

1609.  Three  other  rods,  2  French  in.  square  (2*132  Eng.),  and  of  the  same  length  be- 
tween the  supports,  broke  with  a  mean  weight  of  171 1  8  lbs.  By  the  rule  '*i§<si**?«i)->« '^? 
B  1658*88  lbs.  averdupois.     Without  further  mention  of  the  experiments  of  Belidor,  we 
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may  observe,  that  those  of  Parent  and  others  give  results  which  confirm  the  rule.  The 
experiments,  however,  of  Bufibn,  having  been  made  on  a  larger  scale,  show  that  the  strength 
of  pieces  of  timber  of  the  same  size,  lying  horizontally,  does  not  diminish  exactly  in  the  pro- 
portion of  their  length,  as  the  theory  whereon  the  rule  is  founded  would  indicate.  It  be- 
comes, therefore,  proper  to  modify  it  in  some  respects. 

1610.  Buflfbn's  experiments  show  that  a  beam  as  long  agun  as  another  of  the  same 
dimensions  will  not  bear  half  the  weight  that  the  shorter  one  does.     Thus  — 

A   beam,   7 -462  ft.    long,  and  5-330  in.  square,  broke  with  a 

weight  of  .....  12495*06  lbs.  averdupois. 
Another,  14*924  ft.  long,  of  the  same  dimensions,  broke  with  a 

weight  of               .....  5819.04 
A  third,  29*848  ft.  long,  of  the   same  dimensions,  bore  before 

breaking                 .....  2112*48 

By  the  rule,  the  results  should  have  been,  for  the  7*462  ft.  beam  12495*60 

for  that  of  1 4  -924         -  6247  -80 

for  that  of  29  *848          -  S 1 23  *90 

Whence  it  appears,  that  owing  to  the  elasticity  of  the  timber,  the  strength  of  the  pieces, 
instead  of  forming  a  decreasing  geometrical  progression,  whose  exponent  is  the  same,  forms 
one  in  which  it  is  variable,  llie  forces  in  question  may  be  represented  by  the  ordinates  of 
a  species  of  oatcnarean  curve. 

1 611 .  In  respect,  then,  of  the  diminution  of  the  strength  of  wood,  it  is  not  only  pro- 
portioned to  the  length  and  size,  but  is,  moreover,  modified  in  proportion  to  its  absolute 
or  primitive  force  and  its  flexibility ;  so  that  timber  exactly  of  the  same  quality  would  give 
results  following  the  same  law,  so  as  to  form  ordinates  of  a  curve,  exhibiting  neither 
inflection  nor  undulation  in  its  outline:  thus  in  pieces  whose  scantlings  and  lengths 
form  a  regular  progression,  the  defects  can  only  be  caused  by  a  dlflerence  in  their  primitive 
strength ;  and  as  this  strength  varies  in  pieces  taken  from  the  same  tree,  it  becomes  im- 
possible to  establish  a  rule  whose  results  shall  always  agree  with  experiment ;  but  by 
taking  a  mean  primitive  strength,  we  may  obtain  results  sufficiently  accurate  for  practice. 
For  this  purpose,  the  rule  that  nearest  agrees  with  experiment  is  — 

1st.  To  subtract  from  the  primitive  strength  one  third  of  the  quantity  which 
expresses  the  number  of  times  that  the  depth  is  contained  in  the  length  of  the 
piece  of  timber. 

2d.  To  multiply  the  remainder  thus  obtained  by  the  square  of  the  length. 

3d.  To  divide  the  product  by  the  number  expressing  the  relation  of  the  depth  to  the 
length. 

Hence  calling  the  primitive  strength  -  -  -  >=  a 

—  the  number  of  times  that  the  depth  is  contained  in  the  length  =  b 

—  the  depth  of  the  piece  -  -  -  ss  d 

—  the  length  -  -  -  -  =    I 

b      ., 
The  general  formula  will  be,     «-§  ^^'^^add    dd 

b      '      b   "  3' 

1612.  Suppose  the  prindtive  strength  0  8  64-36  for  each  1*136  square  line(ssl  line 
French),  we  shall  find  for  a  beam  5*330  in.  square,  by  19*188  ft  long,  or  230*256  inches, 

that  the  proportion  of  the  depth  to  the  length  a^^«r,43*2-»ft. 

1613.  The  vertical  depth  being  5*330  or  63*960  lines,  dd  will  be  4089*88 ;  substituting 
these  values  in   the  formula  ^^-'^^  we  have  ^—^3^- -^^^  =  4067*99,  instead  of 

41 20*20,  the  mean  result  of  two  beams  of  the  same  scantlings  in  the  experiments  of  BufTon. 
But  as  the  mean  primitive  strength  of  the  beams  is,  according  to  the  second  of  the  following 
tables,  64*99,  instead  of  64*36,  which  has  been  taken  for  the  mean  strength  of  all  the  pieces 

given  in  that  table,  we  ought  to  have  found  less.    Thus  taking  64*99,  we  have  ?i^ Jl^^^*^^ 

-^^^=4120*20,  as  in  the  experiment 

The  scientific  world  generally,  the  architect  and  engineer  especially,  are  indebted  to  the 
person  from  whom  the  tables  which  follow  have  emanated.  They  are  worth  more  than 
all  which  hitherto  has  been  done  in  this  country  ;  and  our  surprise  is  great  that  in  most  of 
the  various  treatises  on  timber  and  carpentry,  some  whereof  have  resulted  from  no  mean 
hands,  more  importance  has  been  given  to  theoretical  instruction  than  to  that  which  might 
have  been  deduced  from  experiments.  The  treatises,  indeed,  on  mechanical  carpentry 
almost  seem  to  have  been  written  more  with  the  view  of  perplexing  than  of  assistii^  the 
student. 
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TABLK8   or    EXFERIICXMTS. 

Table  I. 


Ezpenmenta  on  Pieces  of  Timber  4-264  inches  square,  supposing  the  absolute 

Strength  60-1344. 


Length 
of  the 
Pieces 

in  Feet. 


7-462 
8-528 
9-594 
10-660 
12-792 


Propor- 
tion of 
Depth  to 
Length. 


21 
24 
27 
30 
36 


Weight  of 
the  Pieces 
in  Pounds. 


{ 


64-80 
60*48 
73-44 
69-04 
83  16 
76-68 
90-72 
88-56 
108  OO 
105-84 


Currature 

before 
breaking, 
in  Inches. 


3-721 

4-797 

3-997 

4-975 

5152 

5-863 

6-218 

6-929  f 

7 -4621 

7 -462  J 


Absolute 
Strength. 


RelatWe 
Strength. 


From  Experiment. 


60-13 


60-29 


59-40 


6216 


63-28 


52-57 


51-55 


49-68 


51-36 


51-22 


Weight 

in  Pounds 

averdu- 

pois. 


5778 
5697 
4968 
4860 
4428 
4266 
3715 
3884 
3294 
3159 


Mean 
EObrt 

accord- 
ing to 

Experi- 
ment 


5768 
4869 
4387 
3946 
3279 


Relative 
Strength 
accord- 
ing to 
Calcula- 
tion. 


52-57 
51-49 
50-41 
49-33 
47  17 


Breaking 
Weight 
calcu- 
lated on 
relative 

Strength. 


5768 
4943 
4301 
3799 
3018 


Experiments  on  Pieces 


Table  II. 

of  Timber  5*330  inches 
Strength  64-36. 


square,  supposing  the  absolute 


7-462 

161 

■ 

"101-52 
1     95-58 

2-665' 
2-665 

• 

64-37 

58-32 

r  12,71 7  \ 
1  12,1 77  J 

12,496 

58-31 

12,496 

*8-528 

1»» 

■ 

112-32 

110-16 

'127-44 

2-842' 

3-109 

3-198" 

fc 

63-58 

56-67 

"10,6921 
10,449/ 
■   9,072*" 

10,626 

57-34 

10,750 

9-594 

21 1 

* 

125-28 

124-20 

'142-56 

3-464 
3-731 
3-375' 

. 

62-20 

54-42 

•      8,991    - 
8,856 
*   7,803' 

8,635 

56*58 

9,429 

10-660 

24 

4 

140-40 
138-78 

3-731 
4-264 

• 

60-40 

51-76 

-      7,614   . 
^   7,668^ 

7,765 

55-72 

8,357 

12-792 

28| 

'168-48 
166-32 

5-886  \ 
6-132 

63-50 

51-54 

6,534' 
6,588 

6,644 

54-99 

6,748 

14-924 

331 

/ 192-24 
1 190-08 

8-5281 
8-794/ 

66*42 

54-32 

■    5.832' 
5,616/ 

5,819 

52-26 

4,600 

17-056 

38} 

[225-72 
1221 -40 

8-616" 
8-705 

• 

65-12 

51-30 

J    4,779 1 
4,617/ 

4,810 

50-53 

4,738 

19-188 

4SJ 

'250-56 
249-48 

8-528  1 
8-705  J 

■ 

64-99 

49-44 

j    4,050  "l 
1     3,942/ 

4,120 

48-80 

4,066 

21-320 

48 

■ 

"284*04 
279-72 

9*416  1 
10-660  J 

► 

65-60 

48-32 

J    3,537* 
I    3,429 

3,624 

47-08 

8,530 

23*452 

52t 

303-48 

11-992 

68-34 

49-33 

3,213 

3,364 

45-35 

3,092 

25-584 

57| 

H 

f  334-80 
1  331-56 

11-7261 
14-491  J 

• 

60-76 

40-02 

'   2,376" 
\  2.295/ 

2,502 

43-62 

2,726 

29-848 

67i 

^ 

'393-12 
388-80 

19-188 
23-452 

■ 

63-42 

39-24 

1,944 
1,890 

2,112 

40-16 

2,151 

Table  III. 

Experiments  on  Pieces  of  Umber  6-396  inches  square,  supposing  the  absolute 

Strength  56*88. 


7-462 

14 

8-528 

16 

9-594 

18 

1 0*660 

20 

138-24 
136-62 
160-92 
157-68 
179-28 
177-66 

{803-04 
200-88 


2-132 
2-132 
2487 
2*576 
2-664 
3'020 
3-198 
3-430 


c 

60*44 

54-50 

{ 

57-75 

52-28 

56-09 

49-61 

- 

54-23 

47-05 

20,790 
20,142 
16,956 
16,578 
14,526 
13,878 
12,393 
11,907 


20,635 
16,804 
14,292 
12,197 


51-84 


51-12 


50*40 


49-68 


9U6 


15,562 
14,547 
12,877 
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Tabuc  II L  — continued. 


Length 

of  the 

Pieces 

In  Feet. 


12-793 
14*924 
17-056 
19-188 
21  -320 


Propot- 

tioD  or 

Depth  to 

Length. 


24 

28 
32 
36 
40 


Wefflht  of 
the  neceB 
in  Pounds. 


r  241 -92 
1  238-68 
J  275-40 
274-32 
317-52 
316-48 
360-72 
357-48 
1 407-16 
\  405 -00 


Cunrature 

before 
breaking, 
in  Inches. 


4-264 
4-352 
4-797 
4-441 
5-863 
6-218 
7-906 
9O60 
10-126 
9-416 


Absolute 
Strength. 


Relative 
Strength. 


From  Experiment. 


54-69 
54-36 
54-86 
54-92 
56-79 


46-05 
44-28 
43-38 
42*96 
42 


Weight  in 

Pounds 

ATerdu- 

pois. 


•39    { 


9,936 

9,720 

7,766 

8,100 

6,750 

6,993 

6,075 

5.940 

5.4271 

5,259/ 


Mean 
Efforts 
accord- 
ing to 
Experi- 
ment. 


9,938 
8,210 
7,030 
6,187 
5,495 


Relative 
Strength 
accord- 
ing to 
Caicula- 
tion. 


48*24 
46-81 
45-36 
43*92 
42-49 


Breaking 
Weight 
calcu- 
lated on 
relative 

Strength. 


9,420 
8,666 
7,348 
6,319 
5,506 


Table  IV. 

Experiments  on  Pieces  of  Timber  7-462  inches 

Strength  57*85. 


square,  supposing  the  absolute 


8-528 
9-594 
10*660 
12*792 
14-924 
17-056 
19*188 
21*320 


13» 

15? 

17+ 

20| 

24 

27f 

30f 

S4» 


« 


f  220-32 
1  217-62 
24516 
243-00 
274-32 
272-16 
326-16 
325-08 
379-08 
379-08 
438-48 
435-24 
491-32 
491  -32 
545-40 
54O-00 


2-931 

2-664 

3-286 

3  109 

2.753 

3-198 

3109 

3-553 

4-441 

3-997 

5-152 

5-596 

5-863 

6-218 

8-350 

9-060 


59-82 
58-59 
57-60 
58-80 
57-85 
56-94 
56-69 
57-09 


54-88 
53-04 
51-43 
51-41 
49*21 
47-07 
45-49 
44-74 


528,242 
28,026 
27,599 
23,652 
21.222 
20,844 
18,144 
16,794 
14,688 
13,878 
11,988 
11,772 
10,106 
10,152 
8,9141 
L    8,640/ 


28,243 
24,260 
21,169 
17,633 
14,472 
12,098 
10,424 
9,208 


52*92 


51-74 


51*68 


50-49 


49-21 


47-98 


46-76 


45*51 


26,927 
23,656 
21,246 
17,318 
14,470 
12,343 
10,693 
9,207 


Tablx  V. 

Experiments  on  Pieces  of  Timber  8-528  inches 

Strength  55*08. 


square,  supposing  the  absolute 


10*660 
12-792 
14-924 
17-056 
1 9-1 88 
21-320 


15 
18 
21 
24 
27 
30 


357-48 
357-48 
428-76 
427-14 
'497-88 
\  495-72 
570-24 
565-92 
641-52 
639-64 
717-12 
712-80 


3-198 

2-398 

3-198 

3-109 

4-086' 

3-375 

5-407 

6-129 

4-797 

4-352 

7-995 

6-396 


54*46 


56-35 


56*78 


55*42 


52*42 


54-10 


49-06 


49-87 


49-23 


46*78 


42*70 


43-30 


30/)24 

29,916 

25,812 

24,840 

21,654 

21,060 

18,144 

17,117 

14,580' 

13,932 

11,717 

13,176 


30,148 

49*68 

30,363 

25,540 

48-60 

24,883 

21,605 

47-52 

20,854 

17,968 

46-44 

17,833 

14,577 

45*36 

15,482 

13,303 

44*28 

13,593 

1614.  The  five  preceding  tables  give  a  view  of  the  results  of  experiments  by  Bu£fbn 
upon  beams  4  -264, 5  *330, 6'396,  7  '462,  and  8-528  inches  square,  of  different  lengths,  as  com- 
pared with  those  found  by  the  modified  rule  above  given  (1 660. ). 

1615.  The  first  column  shows  the  length  of  the  pieces  in  English  feet.  The  second,  the 
proportion  of  their  depth  to  their  length.  The  third,  the  weight  of  each  piece  in  pounds 
averdupois.  The  fourth,  the  weight  borne  before  breaking.  The  fifth,  the  absolute 
or  primitive  strength,  that  is,  independent  of  the  length.  The  sixth,  that  strength  reduced 
in  the  ratio  of  the  proportion   of  the  depth  to  the  length  of  the  pieces  given  in  the 
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second  column.  The  seventh 
column  gives  the  weight  borne 
before  breaking,  independent  of 
their  own  weight  The  eighth, 
the  mean  effort  with  which  the 
pieces  broke,  including  half  their 
weight,  the  other  half  acting 
on  the  points  of  support.  The 
ninth  shows  the  reduced  strength 
of  the  pieces  in  respect  of  the 
proportions  of  the  depth  to  the 
length,  supposing  the  primitive 
strength  equal  for  all  the  pieces 
in  the  same  table.  The  tenth 
column  gives  the  result  of  the 
calculation  according  to  the  rule 
above  given. 

1616.  In  order  to  give  an  idea 
of  the  method  of  representing 
the  strength  of  wood  of  the  same 
scantling,  but  of  different  lengths, 
by  the  ordinates  of  a  curve,  we 
annex  fig.  61 2.  to  explain  by  it 
the  result  of  the  experiments  of 
Buffon,  ^ven  in  the  second  table. 
The  ordmates  of  the  polygon  N, 
O,  P,  Q»  &c.  represent  the  results 
of  the  experiments  made  upon 
beams  5  '3S0  in.  square,  of  different 
lengths,  whose  primitive  strength 
varied  in  each  piece. 

1 61 7.  The  ordinates  of  the  re- 
gular curve,  m,  2,  t,  A,  ^,/,  «,  d,  c, 
&,  Z,  show  the  results  of  the  cal- 
culation according  to  the  rule, 
taking  the  same  primitive  strength 
for  each  piece. 

1618.  After  what  has  been  said 
in  a  preceding  page,  it  is  easy 
to  conceive  that  the  primitive  un- 
equal strengths  would  form  an 
irregular  polygon,  whereof  each 
point  would  answer  to  a  different 
curve ;  whilst,  supposing  the  same 
primitive  strength  to  belong  to 
each  piece,  there  should  be  an 
agreement  between  the  strengths 
and  scantlings  which  constitute  a 
regular  curve. 

1619.  Thus  it  is  to  be  ob- 
served that  the  points  O  and  P 
of  the  regular  polygon  only  vary 
from  the  regular  curve,  m,  /,  A,  t, 
&c.,  because  the  ordinate  LO  is 
the  product  of  a  primitive  strength 
diminished  by  the  mean  primitive 
strength  which  produced  the  or- 
dinate of  the  curve  KP.  Hence 
the  point  P  is  above  the  properly 
correspondent  point  k, 

1 620.  For  the  same  reason,  the 
point  c  is  above  its  correspond- 
ing point  X,  because  the  relative 
ordinate  Cc  is  the  product  of  a 
primitive  strength  greater  than 
the  mean  which  produced  the 
point  X. 
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16S1.  Referring  to  the  second  table,  we  find  that  the  primitive  strength  answering  to  the 
point  O  is  but  60*76,  and  the  value  of  the  ordinate  LO  2502,  whilst  that  of  the  point  P 
is  68*34,  and  the  value  of  the  ordinate  KP  3364 ;  and  as  the  ordinates  U  and  KM  cor- 
responding to  the  curve  are  calculated  upon  the  same  primitive  strength  of  64  '36,  which 
for  U  gives  27 S6,  and  for  KP  3092  :  it  follows  that,  in  considering  all  these  quantities  as 
equal  parts  of  a  similar  scale,  the  point  P  of  the  polygon  should  be  (3364—3092=) 
272  of  these  parts  above  the  corresponding  point  k  of  the  curve,  and  the  point  O  224  of 
those  parts  (2726  —  2502)  below  the  point  L 

1 622.  To  render  the  researches  made,  available  and  useful,  the  table  which  follows  has 
been  calculated  so  as  to  exhibit  the  greatest  strength  of  beams  firom  pieces  3*1 98  in.  square, 
up  to  19*188  in.  by  26*65  in. 

The  first  column  contains  the  length  of  each  piece  in  English  feet 

The  second  column,  the  proportion  of  the  depth  to  the  length ;  and 

The  third,  the  greatest  strength  of  each  piece  in  pounds  averdupois. 

The  table  is  for  oak ;  and  it  is  to  be  recollected  that  the  weight  is  supposed  to  be 
concentred  in  the  middle  of  the  bearing  of  the  beams,  and  hence  double  what  it  would  be 
if  distributed  over  the  whole  length  of  each  piece. 

Experience,  as  well  as  investigation  of  the  experiments,  shows,  that  in  order  to  resist 
all  the  efforts  and  strains  which,  in  practice,  timber  has  to  encounter,  the  weight  with 
which  it  is  loaded  ought  to  be  very  much  less  than  its  breaking  weight,  and  that  it  ought 
not  to  be  more  than  one  tenth  of  what  is  given  as  the  breaking  weight  in  the  following 
table,  beyond  which  it  would  not  be  safe  to  trust  it.  The  abstraction  of  the  last  figure  on 
the  right  hand,  therefore,  gives  the  practicable  strength  by  simple  inspection.  In  a  subse- 
quent page,  the  reduction  of  the  strength  of  oak  to  fir,  which  is  in  more  general  use  in  this 
country,  will  be  introduced,  so  as  to  make  the  table  of  more  general  utihty. 

Tabl«  VI. 
Showing  the  greatest  Strength  of  Oak  Timber  lying  horixontally,  in  pounds  averdupois. 


Length  of 

Propor- 

Breaking 
Weight  hi 

Length  of 
;  each  Piece 

Propor- 

Breaking 

Length  of 

Propor- 

Breaking 

each  Piece 

tion  of 

tion  of 

Weight  in 

each  Piece 

tioaof 

Weight  In 

In  English 

Depth  to 

Ibt.  aver- 

In  BnglUh 

Depth  to 

lbs.  aver- 

in  BnglUh 

Depth  to 

Ibf.  aver- 

Feet. 

Length. 

dapoU. 

Feet. 

Length. 

dupoi*. 

Feet. 

Length. 

dupois. 

3*198  inc 

hes  (Eng 

;.)  square. 

3-198 

in.  by  51 

330  in. 

4-264  inches  square. 

1-599 

6 

12245 

2-664 

6 

20418 

2-842 

8 

16224 

2*132 

8 

8747 

3-553 

8 

15109 

3-553 

10 

12728 

2*664 

10 

7163 

4-441 

10 

119S4 

4-264 

12 

10469 

3*198 

12 

5889 

5-330 

12 

9815 

4-974 

14 

8696 

3*730 

14 

4980 

6-218 

14 

8303 

5*685 

16 

7645 

4*264 

16 

4290 

7-106 

16 

7167 

6-396 

18 

6702 

4*796 

18 

3771 

7-994 

18 

6283 

7-106 

20 

5951 

5*330 

20 

3247 

8-883 

20 

5578 

7-817 

22 

5333 

5*862 

22 

3000 

9-771 

22 

5dl0 

8-528 

24 

4820 

6-396 

24 

2711 

10-660 

24 

4519 

9-238 

26 

4386 

6-928 

26 

2447 

11-548 

26 

4111 

9-949 

28 

4014 

7*469 

28 

2257 

12-436 

28 

3758 

10-66 

30 

3686 

7*994 

SO 

2076 

13-324 

SO 

3459 

3198 

in.  by  4*5 

264  in. 

3-196 

in.  by  6*J 

)96  in. 

4*264 

in.  by  5'i 

iSOin. 

2*132 

6 

16326 

3*198 

6 

24489 

3-553 

8 

16224 

2*842 

8 

12090 

4-264 

8 

18136 

4-441 

10 

12730 

3-553 

10 

9547 

5*330 

10 

14321 

5-330 

12 

10469 

4-264 

12 

7852 

6*396 

12 

11778 

6-218 

14 

8856 

4*974 

14 

6642 

7*462 

14 

9963 

7-106 

16 

7645 

5-685 

16 

5724 

8-528 

16 

8761 

7-994 

18 

6702 

6-396 

18 

5027 

9-594 

18 

7540 

8-883 

20 

5951 

7-106 

20 

4462 

10-660 

20 

6694 

9-771 

22 

5333 

7-817 

22 

4000 

11-726 

22 

6001 

10*66 

24 

4820 

8-528 

24 

3615 

12-792 

24 

5422 

11-55 

26 

4396 

9-238 

26 

3289 

13-858 

26 

4934 

12-44 

28 

401S 

9-949 

28 

3010 

14*924 

28 

4514 

13-32 

SO 

3766 

10-660 

30 

2767 

15-990 

SO 

4150 
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Length  or 

eachPlece 

in  Kngliah 

Feet. 

Propor- 
tion of 
Depth  to 
Length. 

Breaking 

Weight  in 

Ibc.  arer- 

dupoia. 

Length  of 
!  each  Piece 
in  EnglUh 
Feet. 

Propor- 
tion of 
Depth  to 
Length. 

Breaking 

Weight  in 

Ibf.  aver- 

dupoit. 

Length  of 

each  Piece 

in  Engliah 

Feet. 

Propor- 
tion of 
Depth  to 
Length. 

Breaking 

Weight  in 

Ibt.  aver- 

dupois. 

4-264 

in.  by  6-396  in. 

5-330 

in.  by  6-396  in. 

5-330  i 

m.  by  10-660  in. 

4-264 

8 

20152 

5-330 

10 

23869 

8*883 

10 

39782 

5 -330 

10 

16913 

6-396 

12 

19630 

10-66 

12 

32717 

6-396 

12 

13086 

7-462 

14 

16374 

12-44 

14 

27677 

7-462 

14 

11071 

8-528 

16 

14294 

14-21 

16 

23888 

8-528 

16 

9557 

9-594 

18 

12568 

15-99 

18 

20648 

9-594 

18 

8379 

10-66 

20 

11157 

17-77 

20 

18595 

10-66 

20 

7438 

11-73 

22 

10001 

19-54 

22 

16669 

11-73 

22 

6668 

12-79 

24 

9037 

21-32 

24 

15063 

12-79 

24 

6023 

13-86 

26 

8223 

23-10 

26 

13706 

13-86 

26 

5482 

14-92 

28 

7524 

24-87 

28 

12551 

14-92 

28 

5017 

15-99 

SO 

6918 

26-65 

SO 

11531 

15-99 

30 

4613 

4-264 

in.  by  7-4 

i62in. 

5-330 

in.  by  7  -462  in. 

6-396  inches  square. 

4-974 

8 

28224 

6-218 

10 

27847 

5*330 

10 

28643 

6-218 

10 

22277 

7-462 

12 

22901 

6-396 

12 

23556 

7-462 

12 

18321 

8-705 

14 

18373 

7-462 

14 

19927 

8-705 

14 

15499 

9-949 

16 

16724 

8-528 

16 

17191 

9-949 

16 

13379 

11-19 

18 

14663 

9-594 

18 

15082 

11-19 

18 

11730 

12-44 

20 

13017 

10-66 

20 

13389 

12-44 

20 

10413 

13-68 

22 

11667 

11-73 

22 

12001 

13-68 

22 

9334 

14-92 

24 

10544 

12-79 

24 

10844 

14-92 

24 

8427 

16-17 

26 

9595 

13-86 

26 

9857 

16-17 

26 

7675 

17-41 

28 

8778 

14-92 

28 

8710 

17-41 

28 

7022 

18-65 

SO 

8072 

15-99 

SO 

8302 

18-65 

30 

6457 

4-264  1 

in.  by  8-f 

»28in. 

5-3301 

in.  by  8*/ 

;28in. 

6*396] 

in.  by  7-462  in. 

5-685 

8 

22242 

7106 

10 

32225 

5-218 

10 

83400 

7-106 

10 

25460 

8-528 

12 

26174 

7-462 

12 

27482 

8-528 

12 

21942 

9-949 

14 

22141 

8-705 

14 

23244 

9-949 

14 

17713 

11-37 

16 

19106 

9-949 

16 

20067 

11-37 

16 

15291 

12-79 

18 

16757 

11-19 

18 

17596 

12-79 

18 

13410 

14-21 

20 

14877 

12-44 

20 

15321 

14-21 

20 

11902 

15-63 

22 

13338 

13-68 

22 

13986 

15-63 

22 

10677 

17-06 

24 

12057 

14-92 

24 

12652 

17-06 

24 

9562 

18*48 

26 

10965 

16-17 

26 

11572 

18-48 

26 

8772 

19-90 

28 

10053 

17-41 

28 

10534 

19*90 

28 

8026 

21-32 

30 

9225 

18-65 

SO 

9668 

21-32 

30 

7480 

5-330 

inches  sc 

[uare. 

5-330 

in.  by  9*. 

594  in. 

6-396 

in.  by  8-^ 

>28  in. 

4-441 

10 

19890 

7-994 

10 

35803 

7-106 

10 

38158 

5-330 

12 

16359 

9-594 

12 

29445 

8-528 

12 

31407 

6-218 

14 

13839 

11-19 

14 

24919 

9-949 

14 

27341 

7-106 

16 

11946 

12-79 

16 

21493 

11-37 

16 

22936 

7-994 

18 

10473 

14-39 

18 

18853 

12*79 

18 

20110 

8-863 

20 

9298 

15-99 

20 

16737 

14*21 

20 

17852 

9-771 

22 

8334 

17*59 

22 

15002 

15*68 

22 

16001 

10-66 

24 

7531 

19-19 

24 

13556 

17-06 

24 

14460 

11-55 

26 

6863 

20-78 

26 

12336 

18-48 

26 

13158 

12-44 

28 

6270 

22-39 

28 

11287 

19-90 

28 

12425 

13-32 

SO 

5765 

23*98 

30 

10378 

21*32 

SO 

11070 

Gg 
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Length  of 
each  Pleoe 
In  Bnglteh 
Feat. 


Propor. 

tlon  of 

Depth  to 

Length. 


Breaking 

Weight  to 

Ibft.  aver- 

dopob. 


6*396  in.  by  9*594  in. 


7-994 

10 

9-594 

12 

11-19 

14 

12-79 

16 

14-89 

18 

15-99 

SO 

17-59 

22 

19-19 

24 

20-79 

26 

22-39 

28 

23-98 

SO 

42964 
85334 
29691 
25791 
22623 
20084 
18002 
16267 
14802 
13544 
12453 


6*396  in.  by  10*66  in. 


8-883 

10 

10-66 

12 

12-44 

14 

14-21 

16 

15-99 

18 

17-77 

20 

19-54 

22 

21-32 

24 

23-10 

96 

24-87 

28 

26-65 

SO 

47738 
39261 
33212 
28670 
25135 
22315 
19973 
18075 
16447 
15050 
13638 


6*396  in.  by  11*726  in. 


9-771 
11-72 
13-68 
15-63 
17-59 
19-54 
21-50 
23-45 
25-41 
27-36 
29-31 


10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
SO 


52512 
43176 
36533 
31537 
27631 
24546 
22003 
19883 
18092 
16554 
15221 


6*396  in.  by  12*792  in. 


10-66 
12-79 
14-92 
17-06 
1919 
21-32 
23-45 
25-58 
27-72 
29-85 
31-98 


10 
12 
14 
16 
18 
20 
22 
24 
96 
28 
30 


57285 
47083 
37854 
34404 
30164 
26719 
24003 
21689 
19377 
18060 
16000 


Length  of 

each  Fieoe 

in  EnglUh 

Feet. 


Proper. 

tlon  of 

Depth  to 

Lragth. 


Breaking 

Weight  in 

Ibt.  aver- 

dapoli. 


7  -462  inohet  iquare. 


6-218 

10 

7-462 

12 

8-705 

14 

9-949 

16 

11-19 

18 

12-44 

20 

13*68 

22 

14*92 

24 

16-17 

26 

17-41 

28 

18-65 

SO 

85746 
S19U 
27123 
23413 
20530 
18224 
16335 
14761 
13436 
12637 
10940 


7*462  in.  by  8*528  in. 


7*106 

10 

8-528 

12 

9-949 

14 

11-87 

16 

12-79 

18 

14-21 

20 

15-63 

22 

17*06 

24 

18-48 

26 

19-90 

28 

21*32 

80 

44577 
36643 
29806 
26746 
24060 
21838 
18667 
16870 
15418 
14046 
12915 


7*462  in.  by  9-594  in. 


7*994 

10 

9-594 

12 

11-19 

14 

12*79 

16 

14-39 

18 

15*99 

20 

17-59 

22 

19*19 

24 

20-79 

26 

22-39 

28 

23-98 

30 

50125 
41221 
35644 
3010S 
26394 
23432 
21003 
18979 
17270 
15802 
145S0 


7-462  in.  by  10  66  in. 


8-983 

10 

55738 

10-66 

12 

45804 

12*44 

14 

38757 

14*21 

16 

33449 

15-99 

18 

29226 

17-77 

20 

26142 

19*54 

22 

23325 

21-32 

24 

21067 

23*10 

26 

19139 

24-97 

28 

17557 

26-65 

30 

16144 

Length  of 

each  Fieoe 

in  BngUth 

Feet. 


Propor- 
tion of 
Depth  to 
I<ength. 


Breaking 

Weight  in 

Ibi.  aTer. 

dupoit. 


7-462  in.  by  11*726  in. 


9-771 
11-73 
13*68 
15^3 
17-59 
19-54 
21*50 
23*45 
25-40 
27*.36 
29*31 


10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 


60264 
49384 
42622 
36792 
31808 
28637 
24719 
23196 
21307 
18928 
17758 


7 -462  in.  by  12*792  in. 


10*66 
12-79 
14-92 

i7oe 

19*19 
21-32 
23-45 
25*58 
27-72 
29*85 
31*98 


10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
SO 


66832 
55964 
46497 
40138 
34992 
31241 
28003 
25305 
23068 
21070 
18373 


7^2  in.  by  13*858  in. 


12*61 
13*86 
16*17 
18-48 
19-72 


10 
12 
14 
16 
18 


72403 
59546 
50371 
43483 
38124 


8*528  inches  iquare. 


7-106 
8*528 
9*949 
11*37 
12*79 
14-21 
15-63 
17-06 
18*48 
19-90 
21-32 


10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 


50921 
41878 
35426 
30581 
26812 
23803 
21342 
19280 
17345 
16051 
14760 


8-528  in.  by  9*594  in. 


7-994 
9-594 
11-19 


10 
12 
14 


57285 
47093 
39854 
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Length  of 
each  Place 
In  English 
Feet. 


Propor- 
tion of 
Depth  to 
Lmgth. 


Breaking 

Weight  in 

Ibf.  arer- 

dupoi«. 


ia-79 
14-39 
15*99 
17-59 
19-19 
81-95 
33-45 
25-05 


16 
18 
SO 
S2 
24 
26 
28 
30 


34403 
80170 
26773 
24003 
21690 
19737 
17960 
16605 


8-528  in.  by  10-66  in. 


8-883 

10 

10-66 

12 

12-44 

14 

14-21 

16 

15-99 

18 

17-77 

20 

19-54 

22 

21-32 

24 

23-10 

26 

24-87 

28 

26-65 

SO 

62651 
52348 
44283 
38227 
33516 
29754 
26669 
24100 
21930 
20066 
18444 


8-528  in.  by  11-726  in. 


9-771 
11-73 
13-67 
15-63 
17-59 
19-54 
21-50 
23-45 
25-40 
27-36 
30-20 


10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 


69975 
57582 
48711 
42049 
96668 
32729 
29337 
26017 
24124 
22073 
20295 


8-528  in  by  12-792  in. 


10-66 
12-79 
14-92 
17-06 
1919 
21-32 
23-45 
25-58 
27-72 
29-85 
31-98 


10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 


76381 

62817 

53139 

45872 

40219 

35715 

32004 

28920 

26356 

24851 

22149 


8-528  in.  by  13*858  in. 


11-55 
13-86 
16-17 
18-48 
20-79 


10 
12 
14 
16 
18 


82746 
68052 
57576 
49627 
43628 


Length  of 

each  Piece 

in  Bngll«h 

Feet. 


Propor- 
tion of 
Depth  to 
Length. 


Breaking 

Weight  in 

lbs.  aver- 

dupois. 


8-528  in.  by  14-924  in. 


12-44 
14-92 
17-41 
19-90 
22-39 


10 
12 
14 
16 
18 


89111 
73279 
61996 
53517 
46923 


9-594  inches  square. 


7-994 

lO 

9'594 

12 

11*19 

14 

12-79 

16 

14-39 

18 

15-99 

20 

17-59 

22 

19-19 

24 

20-79 

26 

22*39 

28 

23-98 

30 

64447 
52992 
45402 
38704 
33935 
30125 
27003 
24401 
22205 
20317 
18681 


9*594  in.  by  10-66  in. 


8-983 

10 

10-66 

12 

12-44 

14 

14-21 

16 

15-99 

18 

17-77 

20 

19-54 

22 

21*32 

24 

23-10 

26 

24*87 

28 

26*65 

SO 

71607 
58891 
49818 
43010 
37705 
33473 
30003 
27112 
24671 
22574 
20756 


9*594  in.  by  11*726  in. 


9-771 
11-73 
13-68 
15-63 
17-59 
19*59 
21-50 
23-45 
25*40 
27-36 
29*21 


10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 


78848 
64780 
54800 
47305 
41476 
36820 
33004 
29825 
27138 
24830 
22832 


9*594  in.  by  12*792  in. 


10*66 
12-79 
14-92 
17-06 
19*19 


10 
12 
14 
16 
18 

Gg  2 


85929 
70670 
59782 
51406 
45247 


Length  of 

each  Piece 

in  English 

Feet. 


I 


Propor- 
tion of 
Depth  to 
Length. 


21*32 
23-45 
25-58 
27*72 
29-85 
31-98 


20 
22 
24 
26 
28 
SO 


Breaking 

Weight  In 

lbs.  aver- 

dupois. 


40167 
36004 
S2535 
29606 
27090 
24908 


9*594  in.  by  13*858  in. 


11*55 
13*86 
16-17 
18-48 
20-79 


10 
12 
14 

16 
18 


93089 
76458 
64763 
55906 
49117 


9*594  in.  by  14-924  in. 


12-44 
14-92 
17-41 
19-90 
22-39 


10 
12 
14 
16 
18 


100250 
82447 
69745 
60207 
52771 


10-66  inches  square. 


8-883 

10 

10-66 

12 

12-44 

14 

14-21 

16 

15-99 

18 

17-77 

20 

19-54 

22 

21-32 

24 

23-10 

26 

24-87 

28 

26-65 

30 

79564 
65435 
55453 
47783 
41895 
37192 
33337 
30125 
27412 
24083 
23061 


10*66  in.  by  11-726  in. 


9*771 

10 

87520 

11*73 

12 

1     71978 

13-67 

14 

60889 

15*63 

16 

52548 

17*59 

18 

45985 

19*54 

20 

40911 

21*50 

22 

36671 

23-45 

24 

33138 

25-40 

26 

30155 

27-36 

28 

27491 

29-21 

30 

25369 

10-66  in.  by  12*792  in. 


10-66 
12-79 
14-92 
17-06 


10 
12 
14 
16 


95476 
78521 
66424 
57340 
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Length  of 
ewh  Piece 
in  English 
Feet. 


Propor- 
tion of 
Depth  to 
Length. 


Breaking 

Weight  in 

Ibt.  aver. 

dupoii. 


19*19 

18 

21-32 

20 

23-45 

22 

25-58 

24 

27-72 

26 

29-85 

28 

81-98 

SO 

50274 
44631 
40005 
36151 
32896 
30100 
27676 


10-66  in.  by  13858  in. 


11-55 

10 

13-86 

12 

16-17 

14 

18-48 

16 

20-79 

18 

103633 
85065 
72037 
62118 
54463 


10*66  in.  by  14.924  in. 


111389 
91609 
77495 
66896 
58653 


12-44 

10 

14-92 

12 

17-41 

14 

19-90 

16 

22-39 

18 

10-66  in.  by  15-990  in. 


119345 
98152 
83030 
71675 
62841 


13-32 

10 

15-99 

12 

18-65 

14 

21*32 

16 

23-98 

18 

1 1  -726  inches  square. 


9-771 
11-73 
13-67 
15-63 
17-59 
19-54 
21*50 
23*45 
25-40 
27-36 
29*21 


10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
SO 


96272 
79174 
66978 
57818 
51493 
45002 
40338 
36407 
33087 
30350 
27906 


11 -726  in.  by  12*792  in. 


10-66 
12*79 
14*92 
17  06 
1919 
21-32 
23*45 
25*58 


10 
12 
14 
16 
18 
20 
22 
24 


105023 
86374 
73067 
63074 
55301 
49093 
44006 
38765 


Length  of 
each  Piece 
In  English 

Jreet. 


Propor- 
tion of 
Depth  to 
Length. 


27*72 
29*85 
31-98 


26 
28 
30 


Breaking 
Weight  in 
Um.  aver- 

dupoi*. 


36185 
33109 
30443 


11 -726  in.  by  13*858  in. 


11-55 

10 

13-86 

12 

1617 

14 

18-48 

16 

20*79 

18 

113776 
93572 
79155 
68328 
60910 


11 -726  in.  by  14*924  in. 


12*44 

10 

14*92 

12 

17-41 

14 

19-90 

16 

22-39 

18 

122528 

100769 

85244 

73.576 

64518 


1 1  *726  in.  by  1 5*99  in. 


13*32 

10 

15*99 

12 

18-65 

14 

21-32 

16 

23-98 

18 

131280 

107968 

91333 

78842 

69126 


11 -726  in.  by  17*056  in. 


14-21 

10 

17*06 

12 

19*90 

14 

22-74 

16 

25-58 

18 

148784 

122362 

103511 

89355 

78344 


11 -72  in.  by  18*122  in. 


15*10 

10 

18-12 

12 

21-14 

14 

24  16 

16 

27-18 

18 

157537 

129561 

109600 

94611 

82350 


12*792  inches  square. 


10*66 

10 

12*79 

12 

14*92 

14 

17-06 

16 

19-19 

18 

21-32 

20 

23-45 

22 

25*58 

24 

27*72 

26 

29*85 

28 

31*98 

30 

115572 
89826 
79709 
68708 
60329 
53557 
48006 
43380 
39475 
36119 
33211 


Length  of 

each  Piece 

in  English 

Feet 


Propor- 
tion of 
Depth  to 
Lmigth. 


Breaking 

Weight  in 

lbs.  aver. 

dupots. 


12*792  in.  by  13*858  in. 


11*55 
13*86 
16-17 
18*48 
20-79 


10 
12 
14 
16 
18 


124119 

102078 

86351 

74542 

65356 


12-792  in.  by  14-924  in. 


1S3667 

110930 

92994 

80275 

70384 


12-44 

10 

14*92 

12 

17*41 

14 

19-90 

16 

22-39 

18 

12-792  in.  by  15*99  in. 


13-32 
15*99 
18*65 
21*32 
23-98 


10 
12 
14 
16 
18 


143214 

117783 

99636 

86010 

75411 


12*792  in.  by  17*056 in. 


14-21 

10 

17-06 

12 

19*90 

14 

22-74 

16 

25-58 

18 

152762 

125634 

106279 

91744 

76238 


12-792  in.  by  18*122  in. 


15-10 

10 

18-12 

12 

21-14 

14 

2416 

16 

2718 

18 

162310 

123487 

112921 

97479 

85461 


12-792  in.  by  19*188  in. 


15-99 

10 

19-19 

12 

22-37 

14 

25-58 

16 

28*78 

18 

171857 
141340 
119565 
103212 
88894 


12*792  in.  by  20*254  in. 


16*88 

10 

20*25 

12 

23*63 

14 

27*00 

16 

29*38 

18 

181405 
149191 
126207 
108946 
95521 
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Length  of 

each  Piece 

In  EngUih 

Feet. 

Propor- 
tion of 
Depth  to 
Length. 

Breaking 

Weight  in 

Ibi.  ftTor- 

dupois. 

Length  of 

each  Piece 

in  English 

Feet. 

Propor- 
tion of 
Depth  to 
Length. 

Breaking 

Weight  in 

lb«.  arer. 

dupois. 

Length  of 

each  Piece 

in  English 

Feet. 

Propor- 
tion of 
•Depth  to 
Length. 

Breaking 

Weight  in 

lb*,  aver- 

dupolc 

13*858  inches  square. 

13-858  in.  by  21 -326  in. 

14-924  in.  by  20-254  in. 

11-55 
13-86 
16-17 
18-48 
20-79 

10 
12 
14 
16 
18 

134463 

110584 

93547 

80754 

70802 

17-77 
21-32 
24-87 
28*43 
31-98 

10 
12 
14 
16 
18 

205531 
170130 
144920 
124237 
108951 

16*88 
20-25 
23-63 
27-00 

29*38 

1 

10 
12 
14 
16 
18 

212547 
174057 
147331 
127104 
111441 

13-858  in.  bj  14-924  in. 

113-058  in.  by  22-386  in. 

14*924in.  by  21-326in. 

12-44 
14-92 
17*41 
19-90 
22-39 

10 
12 
14 
16 
18 

144806 

119092 

100813 

86966 

76249 

18-65 
22*38 
26-12 
29-85 
33-58 

10 
12 
14 
16 
18 

217210 
178637 
151115 
130049 
114374 

17-77 
21*32 
24*87 
28-43 
31-98 

10 
12 
14 
16 
18 

212776 
173218 
150991 
133733 
117306 

13-858  in.  by  15*99  in. 

14-924  inches  square. 

14-924in.  by  22-386  in. 

13-32 
15-99 
18-68 
21*32 
23-98 

10 
12 
14 
16 
18 

154825 

127598 

107939 

93177 

81755 

12*44 
14*92 
17-41 
19-90 
22-39 

10 
12 
14 
16 
18 

155944 

128092 

108493 

98655 

82114 

18-65 
22-38 
26-12 
29-85 
33-58 

10 
12 
14 
16 
18 

233917 
192378 
162737 
140483 
112372 

13-858 in.  by  17056in. 

14-924  in.  by  15-990  in. 

14-924in.  by  23-452  in. 

14-21 
17-06 
19-90 
22*74 
25-58 

10 
12 
14 
16 
18 

164426 

136153 

114364 

99396 

91941 

13-32 
15-99 
18-65 
21-32 
23*98 

10 
12 
14 
16 
18 

167083 
137213 
116242 
100354 
87980 

19-54 
23-45 
27-36 
31-27 
35-18 

10 
12 
14 
16 
18 

246136 
201540 
170490 
147173 
129037 

13*858  in.  by  18-122  in. 

14-924  in.  by  17-056  in. 

15-99  inches  square. 

15-10 
18-12 
21*14 
24  16 
27  18 

10 
12 
14 
16 
18 

175836 
144611 
121332 
105601 
92588 

1421 
17-06 
19-90 
22-74 
25-58 

10 
12 
14 
16 
18 

178223 
146674 
123993 
107034 
93845 

13-32 
15-99 
18-65 
21-32 
23-98 

10 
12 
14 
16 
18 

179009 
147229 
124547 
107513 
94164 

13 -858  in.  by  19*188  in. 

14-924  in.  by  18122  in. 

15-99  in.  by  17-056  in. 

15-99 
1919 
22-37 
25-58 
28-78 

10 
12 
14 
16 
18 

141179 
153115 
129528 
111813 
98935 

15*10 
1812 
21*14 
24*16 
27-18 

10 
12 
14 
16 

18 

189362 
155735 
131741 
113764 
99711 

14-21 
17-06 
19-90 
22-74 
25-58 

10 
12 
14 
16 
18 

190953 
160244 
132849 
114680 
100548 

]3-858in.  by  20*254  in. 

14-924  in.  by  19  188  in. 

15-99  in.  by  18122  in. 

16-88 
20-25 
23-63 
27-00 
29-38 

10 
12 
14 
16 
18 

196522 
161624 
136724 
118026 
103481 

15-99 
19*19 
22-37 
25*58 
28-78 

10 
12 
14 
16 
18 

200501 
164895 
139492 
120415 
105575 

15-10 
18-12 
21-14 
24-16 
2718 

10 
12 
14 
16 
18 

202888 
166859 
141153 
121848 
106832 

Gg  8 
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Length  of 

eachPleoe 

In  Engllih 

Feet 

Propor- 
tion of 
Depth  to 
Length. 

Breaking 

Weight  in 

Ibf.  Mver- 

dupoii. 

Length  of 

each  Piece 

in  English 

Feet. 

Propor- 
tion of 
Depth  to 
Length. 

Breaking 

Weight  in 

lbs.  arer- 

dupois. 

Length  of 

each  Piece 

in  English 

Feet. 

Propor- 
tion of 
Depth  to 
Length. 

Breaking 

Weight  in 

lbs.  aver- 

dupols. 

15-99  in.  by  19188  in. 

17-056  in.  by  18*122  in. 

. 

17*056  in.  by  25-584  in. 

15-99 
1919 
22-37 
25-58 
28-78 

10 
12 
14 
16 
18 

214823 
176584 
149456 
129015 
113118 

15-10 
18-12 
21-14 
24  16 
27-18 

10 
12 
14 
16 
18 

216412 
177983 
150563 
129970 
113954 

21*32 
25*58 
29*85 
34*11 
38*37 

10 
12 
14 
16 
18 

305525 
251360 
212559 
183421 
160277 

15*99in.  by  20-254  in. 

17-056  in.  by  19*188  in. 

18-122  inches  square. 

16-88 
20-25 
23-63 
27-00 
29*38 

10 
12 
14 
16 
18 

226757 
186490 
157759 
136183 
119401 

15*99 
19-19 
22-37 
25-58 
28-78 

10 
12 
14 
16 
18 

229144 
188456 
158439 
137617 
120659 

15-10 
18-12 
21-14 
24-16 
27-18 

10 
12 
14 
16 
18 

229907 
187107 
159973 
142094 
121077 

15-99  in.  by  21 -326  in. 

17-056  in.  by  20-254  in. 

18*122  in.  by  19*188  in. 

17-77 
21-32 
24-87 
28-43 
31-98 

10 
12 
14 
16 
18 

238692 
196365 
166062 
143350 
125686 

16*88 
20-25 
23-63 
27-00 
29-38 

10 
12 
14 
16 
18 

241875 
197322 
168276 
145261 
127341 

15*99 
1919 
22-37 
25-58 
28-78 

10 
12 
14 
16 
18 

243465 
200131 
169383 
146217 
128199 

15-99  in.  by  22*386  in. 

17 -056  in.  by  21 -326  in. 

18*122  in.  by  20-254  in. 

18-65 
22-38 
26-12 
29-85 
33-58 

10 
12 
14 
16 
18 

250626 
206127 
174365 
150517 

131770 

» 

17*77 
21*32 
24-87 
28-43 
31-98 

10 
12 
14 
16 

18 

254605 
209391 
177132 
152807 
134112 

16-88 
20-25 
23-63 
27*10 
29-38 

10 
12 
14 
16 
18 

257091 
211356 
178793 
154340 
135261 

15*99in.  by  23-452  in. 

17-056in.  by  22*386  in. 

18*122in.  by  21-d26in. 

19-54 
23-45 
27-36 
31-27 
35-18 

10 
12 

14 
16 
18 

262561 
215935 
182668 
157685 
138254 

18*65 
22-38 
26-12 
29.85 
33-58 

10 
12 
14 
16 
18 

267334 
219861 
184989 
160552 
140768 

17-77 
21-32 
24*87 
28-43 
31-98 

10 
12 
14 
16 
18 

270317 
222479 
188208 
162463 
142443 

15-99  in.  by  24-518  in. 

17-056  in.  by  23-452  in. 

18*122in.by22-386in. 

20-43 
24-52 
28-60 
32-69 
36-78 

10 
12 
14 
16 
18 

274495 
225750 
190751 
164852 
144538 

19*54 
23-45 
27-36 
31-27 
35-18 

10 
12 
14 
16 
18 

280064 
230330 
190846 
168772 
147471 

18*65 
22*38 
26-12 
29*85 
33*58 

10 
12 
14 
16 
18 

284043 
233603 
197611 
170275 
149566 

17-056  inches  square. 

17-056in.by24*518in. 

18*122  in.  by  23-452  in. 

14-21 
17-06 
19-90 
22-74 
25-58 

10 
12 
14 
16 
18 

203684 
167513 
141706 
122967 
107251 

21*32 
25*58 
29  85 
34*11 
38*37 

10 
12 
14 
16 
18 

292795 
240800 
203702 
175842 
154174 

19-54 
23*45 
27-36 
31-27 
35-18 

10 
12 
14 
16 
18 

297569 
244727 
207023 
188710 
156688 
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Length  of 

each  Piece 

in  Engliah 

Felt. 

Propor- 
tion of 
Depth  to 
Length. 

Breaking 

Weight  hi 

Lbs.  aver- 

dupoU. 

• 

Length  of 

eachPieee 

inEngliah 

Feet. 

Propor- 
tion of 
Depth  to 
Length. 

Breaking 

Weight  hi 

lb«.  arer- 

dupols. 

Length  of 

each  Piece 

in  English 

Feet 

Propor- 
tion of 
Depth  to 
Length. 

Breaking 

Weight  In 

lbs.  aver. 

dupoii. 

18122  in.  by  24-518  in. 

19-188in.by21-d26in. 

19-188in.  by  25-584  in. 

20-43 
24-52 
98-60 
32-69 
36-78 

10 
12 
14 
16 
18 

310771 
255851 
216434 
186833 
163810 

17-77 
21-32 
24-87 
28-43 
31-98 

10 
12 
14 
16 
18 

286430 
235565 
196074 
171010 
150823 

31-32 
25-56 
29*85 
34-11 
38-37 

10 
12 
14 
16 

18 

343716 
282679 
140130 
207092 
180987 

18-122  in.  by  25-584  in. 

19188  in.  by  22 -886  in. 

19-188  in.  by  26-65  in. 

21*32 
25-58 
29-85 
34-11 
38-37 

10 
12 
14 
16 
18 

S2462I 
256975 
225844 
194956 
170933 

18-65 
22-38 
26-12 
29-85 
33-58 

10 
12 
14 
16 
18 

300763 
247344 
209238 
180621 
158364 

22-21 
26-65 
31-09 
35-53 
39-97 

10 
12 
14 
16 
18 

858037 
294458 
249092 
216026 
188529 

19-188  inches  square. 

19188  in.  by  23-452  in. 

20-254  inches  square. 

15-99 
19*19 
22-37 
25-58 
28-78 

10 
12 
14 
16 
18 

257787 
212107 
179347 
150818 
135741 

19-54 
23-45 
27-36 
31-27 
35-18 

10 
12 
14 
16 
18 

S1507S 
259122 
219101 
189222 
165905 

16-88 
20-25 
23-63 
27  10 
29-38 

10 
12 
14 
16 
18 

287226 
236220 
199827 
172498 
151242 

19-188  in.  by  20-254  in. 

19-188  in.  by  24-518  in. 

20-254  in.  by  21 -320  in. 

16-88 
20-25 
23-63 
27  <X) 
29-38 

10 
12 
14 
16 
18 

272108 
223788 
189310 
163419 
143281 

20-43 
24-52 
28-60 
32-69 
36*78 

10 
12 
14 
16 
18 

329395 
270901 
229165 
197824 
173446 

17-77 
21-32 
24-87 
28-43 
31*98 

10 
12 
14 
16 
18 

292343 
248653 
200345 
181577 
159202 

1623.  The  table  from  which  the  above  has  been  reduced  to  English  measuresy  is  extended 
to  pieces  of  31  -980  in.  square,  and  47  *97  ft.  long ;  but  as  such  scantlings  rarely  if  ever 
occur  in  practice,  unless  strengthened  by  means  of  trussing,  we  have  not  considered  it 
necessary  to  proceed  beyond  the  scantling  of  20*25  in.  by  21  *320in.,  and  32  ft.  long. 

1 624.  Though  the  table  is  founded  upon  experiments  on  oak,  it  will  serve  for  ail  9orts 
of  wood,  whose  primitive  strength  is  luiown,  and  the  proportion  they  bear  to  oak.  In 
order  to  &cilitate  qdculations  of  that  nature,  the  foUowmg  table  has  been  constructed,  in 
which  will  be  found  the  absolute  and  primitive  strengths  of  the  several  sorts  of  timber, 
ordinarily  used  in  carpentry,  as  also  of  some  few  others. 

Table  VII. 

For  applying  the  preceding  Table  to  the  Woods  undermentioned.  Hie  primitive  hori- 
zontal or  transverse  Strength  of  Oak  is  taken  at  1000;  its  supporting  or  primitive 
vertical  Strength  at  807  ;  and  its  cohesive  or  absolute  Strength  at  1821  ;  being  deduced 
from  Pieces  19-188  lines  English  square. 


1 

Species  of  Wood. 

PrimitiTe 
horiiontal 
Strength. 

Primitive 
vertical 
Strength. 

Absolute 
Strength. 

Species  of 
Wood. 

Primitive 

horixontal 

Strength. 

Primitive 

vertical 

Strength. 

Absolute 
Strength. 

Acacia  (yellow) 

Ash 

Beech    • 

Bitch 

Cedar 

Cherry  tree 

Chestnut 

Elm 

780 

1072 

1032 

853 

627 

961 

957 

1077 

1228 
1112 
986 
861 
720 
986 
950 
1075 

1560 
1800 
2480 
1960 
1740 
1912 
1944 
1980 

Fir 
Oak 

Pine-tree  - 
Poplar 
Senrice-tree 
Sycamore  - 
Yew-tree  - 
Walnut     - 

918 
1000 
882 
586 
965 
900 
1037 
900 

851 
807 
804 
680 
981 
968 
1375 
753 

1250 
1821 
1141 
940 
1642 
1564 
2287 
1120 

Gg  4 
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Method  of  using  the  above  TcAlefor  horizontal  Timbere. 

1625.  To  find  the  strength  of  a  beam  of  fir  23*98  ft.  long  and  5*330  by  9*594  in. 
Against  these  dimensions  in  the  Table  VI.  we  find  10378  as  the  breaking  weight.  In  the 
Table  VII.  we  find  the  primitive  horizontal  strength  of  oak  is  to  that  of  fir  as  1000  to  91 8. 
Hence  1000  :  918::  10378  to  a  fourth  terra  which  m,9527  ;  which  expresses  the  greatest 
strength  of  such  a  beam  of  fir»  or  that  which  would  break  it.  Cutting  off  the  last  figure 
on  the  right  hand,  that  is,  taking  one  tenth,  we  have  952  for  the  greatest  weight  with  which 
such  a  beam  should  be  loaded. 

1626.  If  the  beam  be  of  chesnut,  whose  primitive  strength  is  957,  the  proportion  becomes 
1000  :  957::  10378  :  9931  >-  the  greatest  strengtli  of  such  a  piece^  and  8m  the  greatest 
weight  with  which  it  should  be  loaded. 

Method  of  Application  for  the  vertical  bearing  Stretigth, 

1627.  To  find  the  vertical  strength  of  an  oak  post  9*594  in.  square,  and  9*594  ft.  high, 
we  shall  find  in  Table  VII.  for  the  primitive  vertical  strength,  807  for  1 9*188  lines  Englisli 
superficial.  But  as  this  strength  diminishes  as  the  relative  height  of  the  post  increases, 
which  in  this  case  is  12  times,  we  must  (1601.),  take  only  {  of  807,  according  to  the  pro- 
gression there  given,  that  is,  672}. 

1628.  Tlio  post  being  9*594  in.  square,  its  area  will  be  9*594  xl2|>»  13254*756,  and 
-'^^«>692*34,  and  692*34  x  672*5  -465000,  which  divided  by  10»46500 ;  is  the  weight 

with  which  without  risk  the  post  may  be  loaded. 

1 629.  If  the  post  be  of  fir,  whose  primitive  vertical  strength  to  that  of  oak  is  as  851  to 
807,  we  have  only  to  use  the  proportion  807  :  465000::  851  :  490980,  which  divided  by 
10» 49098 ;  the  greatest  weight  with  which  it  should  be  loaded. 

Method  for  obtaining  the  abeolute  or  cohesive  Strength. 

1630.  In  respect  of  this  species  of  strength,  which  is  that  with  which  timber  resists 
being  drawn  asunder  in  the  direction  of  its  fibres  by  weights  acting  at  its  ends,  it  is  only 
necessary  to  multiply  the  area  of  the  section  of  the  piece  reduced  to  lines  by  the  tabular 
number  1821.  if  it  be  oak,  and  divide  the  proauct  by  19*188,  and  the  quotient  will  show 
the  greatest  effort  it  can  bear. 

1631.  Thus  for  a  piece  of  oak    9*594   in.  square,  we  have -~^||^^^»  1260700  (in 

round  numbers),  which  divided  by  10  gives  the  greatest  weight  that  should  be  suspended  to 
the  piece. 

1632.  From  Table  VII.  it  will  be  seen  that  in  the  direction  of  the  absolute  strength,  beech 
is  the  strongest  wood,  and  that  strength  will  be  »«54:75_xai^^(the  tabular  number)  ^  ^  3^33^^^ 

which  will  give  136385  for  the  greatest  weight  to  be  attached. 

Of  the  Strength  of  Timbers  in  an  inclined  Position. 

1633.  If  we  suppose  the  vertical  piece  AB  to  become  inclined  to  the  base,  experiment 
proves  that  its  strength  to  resist  {fig-  614.)  a  vertical  efifbrt  diminishes  as  its  inclination 
increases ;  so  that,  if  from  the  upper  part  in  D  a  vertical  D/  be 
let  fall,  and  from  the  points  of  the  base  the  horizontal  line  BC  ^{ 
be  drawn,  the  strength  of  the  piece  diminishes  as  Bf  in- 
creases :  whence,  I.  The  strength  of  a  vertical  piece  is  to  that 
of  an  inclined  piece  of  the  same  length  and  scantling  as  the 
lengtli  A  B  is  to  Bf,  or  as  the  radius  is  to  the  sine  of  the  in- 
clination of  the  piece.  II.  Vertical  pieces  have  the  greatest 
strength  to  resist  a  weighty  and  the  weakest  are  pieces  which 
lie  horizontally. 

1634.  The  first  of  these  results  ftirnishcs  an  easy  method  of 
finding,  by  the  aid  of  the  last  table,  the  strength  of  a  piece  B 
of  timber  whose  length  and  inclination  are  known.  Thus, 
suppose  a  piece  of  oak  inclined  4*692  feet  and  9*594  feet  long ; 
its  size  being  8*528  by  9*594  inches,  whose  area,  therefore,  is  1 1781  '74  lines.  This  must  be 
divided  by  the  tabular  number  19*188,  and  the  quotient  will  be  6 14.  In  table  VII.,  807  is 
the  primitive  vertical  strength  of  oak  for  19*188  lines  superficial  of  section ;  but  as  the  piece 
is  more  than  1 2  times  the  width  of  its  base,  we  are,  as  before  observed,  to  take  only  .|  of  807, 
or  672*5,  which  is  to  be  multiplied  by  614,  and  the  product  is  412915.  llien  the  pro- 
portion 9*594  :  4 -692::  41 291 5  :  843400  is  the  strength,  which,  divided  by  10 =84340, 
is  the  greatest  load  to  which  the  inclined  piece  ought  to  be  subjected. 

1635.  In  a  section  of  a  following  chapter,  that  on  Practical  or  Constructivk  Carpkn- 
TRV,  tables  of  scantlings  for  timbers  will  be  given,  more  immediately  useful. to  the  practical 
architect  than  those  deducible  firom  the  above  rules. 
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CHAP.  II. 
MATERIALS    USED    IN    BUILDING. 


Sect.  I. 

8ZOKK. 

1636.  It  is  not  our  intention  to  advert  to  the  stone  which  the  Continent  affords  for 
building  purposes ;  a  knowledge  of  the  different  kinds  there  found  would  be  of  no  use  to 
the  EngUish  architect,  and  would  occupy  too  much  of  our  space  as  mere  information.  It 
is  almost  superfluous  to  say  that  the  choice  of  stone  for  a  building  intended  to  be  durable 
is  of  the  very  highest  importance.  **  In  modem  Europe,"  it  has  been  observed,  **  and  par- 
ticularly in  Great  Britain,  there  is  scarcely  a  public  building,  of  recent  date,  which  will  be 
in  existence  a  thousand  years  hence.  Many  of  the  most  splendid  works  of  modem  archi- 
tecture are  hastening  to  decay  in  what  may  be  justly  called  the  infimcy  of  their  existence, 
if  compared  with  the  date  of  public  buildings  that  remain  in  Italy,  in  Greece,  in  Egypt, 
and  the  East" 

1637.  The  various  sorts  of  stone  take  their  names  either  from  the  places  where  they  are 
quarried  or  from  the  substances  which  principally  enter  into  their  composition.  The  term 
**  Freestone,**  which  is  used  in  a  very  arbitrary  way,  is,  as  its  name  implies,  that  sort  which 
can  be  wrought  with  the  mallet  and  chisel,  or  cut  with  the  saw,  an  operation  which  cannot 
be  performed  upon  granite,  whose  hardness  requires  it  to  be  dressed  with  pointed  tools  of 
different  weights  and  sizes.  It  includes  the  two  great  general  divisions  of  Limestone  and 
Sandstone.  The  limestone  of  Portland  is  that  which  has  for  many  years  past  been  chiefly 
used  in  the  metropolis.  Latterly,  other  sorts  have  found  their  way  in  from  the  provinces ; 
and  though,  from  many  circumstances,  we  do  not  think  it  likely  that  Portland  stone,  from 
its  fiwility  of  transport  and  other  causes,  will  be  altogether  superseded,  there  is  no  doubt 
that  its  use  is  on  the  wane  fr^m  the  introduction  of  provincial  sorts. 

1638.  We  shall  proceed,  after  some  preliminary  observations,  to  give,  fit>m  the  Report 
lately  addressed  to  the  Commissioners  of  Woods  and  Forests,  on  the  occasion  of  selecting 
the  stone  for  building  the  new  Houses  of  Parliament,  a  view  of  the  principal  sorts  of 
stone  found  and  used  m  the  island. 

1639.  The  qualities  requisite  for  a  building  stone  are  hardness,  tenacity,  and  com- 
pactness. It  is  not  the  hardest  stone  which  has  always  the  greatest  tenacity  or  toughness ; 
for  limestone,  though  much  softer,  is  not  so  easily  broken  as  glass. 

1 640.  The  decay  and  destruction  of  stone  are  accelerated  by  nearly  the  same  causes  as 
those  which  destroy  rocks  themselves  on  the  sur&ce  of  the  globe.  Such  causes  are  of  two 
kinds :  those  of  decomposition  and  those  of  disintegration.  The  former  effects  a  chemical 
change  in  the  stone  itself  the  latter  a  mechanical  division  and  separation  of  the  parts. 
The  effects  of  the  chemical  and  mechanical  causes  of  the  decomposition  of  stone  in 
buildings  are  much  modified,  according  to  their  situation,  as,  in  the  town  or  country. 
In  populous  and  smoky  towns  the  state  of  the  atmosphere  accelerates  decomposition  more 
than  in  those  placed  in  the  open  country. 

1641.  '^  As  regards  the  sandstones  that  are  usually  employed  for  building  purposes,  and 
which  are  generally  composed  of  either  quarts  or  siliceous  grains,  cemented  by  siliceous, 
argillaceous,  calcareous  or  other  matter,  their  decomposition  is  effected  according  to  tlie 
nature  of  the  cementing  substance,  the  grains  being  comparatively  indestructible.  With 
respect  to  limestones  composed  of  carbonate  of  lime,  or  the  carbonates  of  lime  and  mag- 
nesia, either  nearly  pure  or  mixed  with  variable  proportions  of  foreign  matter,  their 
decomposition  depends,  under  similar  circumstances,  upon  the  mode  in  which  their  com- 
ponent parts  are  aggregated,  those  which  are  most  crystalline  being  found  to  be  the  most 
durable,  while  those  which  partake  least  of  that  character  suffer  most  from  exposure  to 
atiQospheric  influences. 

1643.  **The  varieties  of  limestoq^s  termed  Oolites  (or  Roestones)  being  composed  of 
oviform  bodies  cemented  by  calcareous  nuitter  of  a  varied  character,  will  of  necessity 
suffer  unequal  decomposition,  unless  such  oviform  bodies  and  the  cement  be  equally 
coherent  and  of  the  same  chemical  composition.  The  limestones  which  are  usually  termed 
*  shellpf  from  being  chiefly  formed  of  either  broken  or  perfect  fossil  shelb  cemented  by 
calcareous  matter,  suffer  decomposition  in  an  unequal  nuuiner,  in  consequence  of  the  shells, 
which,  being  for  the  most  part  crystalline,  offer  the  greatest  amount  of  renstance  to  the 
decomposing  effects  of  the  atmosphere. 

1643.  **  &uidstones,  from  the  mode  of  their  formations,  are  very  frequently  laminated, 
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more  especially  when  micftceoua,  the  plates  of  mica  being  generally  deposited  in  planes 
parallel  to  their  beds.  Henoe,  if  such  stone  be  placed  in  buildings  with  the  planes  of 
lamination  in  a  vertical  position,  it  will  decompose  in  flakes,  according  to  the  thickness  of 
the  laminsB ;  whereas,  if  it  be  placed  so  that  the  planes  of  lamination  be  horizontal,  that  is, 
most  commonly  upon  its  natural  bed,  the  amount  of  decomposition  will  be  comparatively 
immaterial. 

1644.  **  Limestones,  such  at  least  as  are  usually  employed  for  building  purposes,  are  not 
liable  to  the  kind  of  lamination  observable  in  sandstones ;  nevertheless,  varieties  exist, 
especially  those  commonly  termed  sAetfy,  which  have  a  coarse  laminated  structure,  generally 
parallel  to  the  planes  of  dieir  beds,  and  therefore  the  same  precaution  in  placing  such  stone 
in  buildings  so  that  the  planes  of  lamination  be  horisontal,  is  as  necessary  as  with  the 
sandstones  above  noticed. 

1645.  **  The  ohemioal  action  of  the  atmosphere  produces  a  change  in  the  entire  matter 
of  the  limestones,  and  in  the  oementii^  substance  of  the  sandstones  aeooording  to  the 
amount  of  surface  exposed  to  it.  The  mechanical  action  due  to  atmospheric  causes  occa^ 
sions  either  a  removal  or  a  disruption  of  the  exposed  particles,  the  former  by  means  of 
powerful  winds  and  driving  rains,  and  the  latter  by  the  congelation  of  water  forced  into  or 
absorbed  by  the  external  portions  of  the  stone.  These  eflfeets  are  reciprocal,  chemical 
action  rendering  the  stone  liable  to  be  more  easily  affected  by  mechanical  action,  which 
latter,  by  constantly  presenting  new  surfoces,  aeoeleratea  the  distnt^p^ting  effects  of  the 
former. 

1 646.  "  Buildings  in  this  climate  are  generally  found  to  suffer  the  greatest  amount  of 
decomposition  on  their  southern,  south-western,  and  western  fronts,  arising  doubtless  from 
the  prevalence  of  winds  and  rains  from  those  quarters ;  hence  it  is  desirable  that  stones  of 
great  durability  diould  at  least  be  employed  in  fronts  with  such  aspects. 

1647.  **  Buildings  situated  in  the  country  appear  to  possess  a  great  advantage  over  those 
in  populous  and  smoky  towns,  owing  to  lichens,  with  which  they  almost  invariably  become 
covered  in  such  situations,  and  which,  when  firmly  established  over  their  entire  surfiice, 
seem  to  exercise  a  protective  influence  against  the  ordinary  causes  of  the  decomposition  of 
the  stone  upon  which  they  grow. 

1648.  *<  As  an  instance  of  the  difference  in  degree  of  durability  in  the  same  material 
subjected  to  the  efl&ets  of  the  atmosphere  in  town  and  country,  we  may  notice  the  several 
frusta  of  columns  and  other  blocks  of  stone  that  were  quarried  at  the  time  of  the  erection 
of  St  Paul's  Cathedral  in  London,  and  which  are  now  lying  in  the  island  of  Portland,  near 
the  quarries  fitnn  whence  they  were  obtained.  These  blocks  are  invariably  found  to  be 
covei^  with  lichens,  and  although  they  have  been  exposed  to  all  the  vicissitudes  of  a  marine 
atmosphere  for  more  than  1 50  years,  they  still  exhibit,  beneath  the  lushens,  their  original 
forms,  even  to  the  marks  of  the  chisel  employed  upon  them,  whilst  the  stone  which  was 
taken  from  the  same  quarries  (selected,  no  doubt,  with  equal,  if  not  greater,  care  than  the 
blocks  alluded  to)  and  placed  in  the  csthedral  iteelf^  is,  in  those  parts  which  are  exposed  to 
the  south  and  south-west  winds,  found  in  some  instances  to  be  fost  mouldering  away. 
Colour  is  of  more  importance  in  the  selection  of  a  stone  for  a  building  to  be  situated  in  a 
populous  and  smoky  town,  than  for  one  to  be  placed  in  an  open  country,  where  all  edifices 
usually  become  covered,  as  before  stated,  with  lichens ;  for  although  in  such  towns  those 
fronts  which  are  not  exposed  to  the  prevailing  winds  and  rains  will  soon  become  blackened*, 
the  remainder  of  the  building  will  ecMistantly  exhibit  a  tint  depending  upon  the  natural 
colour  of  the  material  employed. 

1649.  **  Before  we  proceed  to  adduce  a  few  examples  of  the  present  eondition  of  the 
various  buildings  we  have  examined,  we  would  wish  to  observe  that  those  which  are  highly 
decorated,  such  as  the  churches  of  the  Norman  and  pointed  styles  of  architecture^  afford  a 
more  severe  test  of  the  durability  of  any  given  stone,  all  other  circumstances  being  equal, 
than  the  more  simple  and  less  decorated  buildings,  such  as  the  castles  of  the  firarteenth  and 
fifteenth  centuries,  inasmuch  as  the  material  employed  in  the  former  class  of  buildings  is 
worked  into  more  disadvantageous  forms  than  in  the  latter,  as  r^^ards  exposure  to  the 
effects  of  the  weather ;  and  we  would  farther  observe,  that  buildings  in  a  state  of  ruin, 
from  being  deprived  of  their  ordinary  protection  of  roofing,  glazing  of  windows,  &c.,  con- 
stitute an  equally  severe  test  of  the  durability  of  the  stone  employed  in  them. 

1650.  **  As  examples  of  the  degree  of  durability  of  various  building  stones  in  particular 
localities,  the  following  may  be  enumerated.  Of  the  sandstone  buildings  which  we  ex- 
amined, we  may  notice  the  remains  of  Ecclestone  Abbey,  of  the  thirteenth  century,  near 
Barnard  Castle,  constructed  of  a  stone  closely  resembling  that  of  the  Stenton  quarry  in  the 
vicinity,  as  exhibiting  the  mouldings  and  other  decorations,  evein  to  the  dogVtooth  orna- 
ment, m  excellent  condition.  The  circular  keep  of  Barnard,  apparently  also  built  of  the 
same  material,  is  in  fine  preservation.     Tintern  Abbey  may  also  be  noticed  as  a  sandstone 

•  We  mtut  tske  leave  to  question  this  tUtemeat ;  ai,  for  hwUuiGe,  in  St.  Paul's  Cathedral  we  find  the 
northern  front  peculiarly  blau,  whilst  the  south  front  and  south-western  angle  are  comparatively  white. 
This  we  have  always  considered  to  have  arisen  from  the  more  c<mataat  actioD  m  the  bub*s  r^  upon  them. 
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edifice  that  has  to  a  oonsiderable  extent  resisted  decomposition ;  for  although  it  la  decayed 
in  some  parts,  it  Ib  nearly  perfect  in  others.  Some  portions  of  Whitby  Ab^y  are  likewise 
in  a  perfect  state,  whilst  others  are  fiist  yielding  to  the  effects  of  the  atmosphere.  The 
older  portions  of  Ripon  Cathedral,  constructed  of  sandstone,  are  in  a  fair  state  of  presenr- 
ation.  Rivaulx  Abbey  is  another  good  example  of  an  ancient  sandstone  building  in  a 
fiur  condition.  The  Norman  keep  of  Richmond  Castle  in  Yorkshire  affords  an  instance 
of  a  moderately  hard  sandstone  which  has  well  resisted  decomposition. 

1651 .  "  As  examples  of  sandstone  buildings  of  more  recent  date  in  a  good  state  of  preserv- 
ation, we  may  mention  Hardwicke  Hall,  Haddon  Hall,  and  all  the  buildings  of  Craig- 
leith  Stone  in  Edinburgh  and  its  vicinity.  Of  sandstone  edifices  in  an  advanced  state  of 
decomposition  we  may  enumerate  Durham  Cathedral,  the  churches  at  Newcastle  upon 
Tyne,  Carlisle  Cathedral,  Kirkstall  Abbey,  and  Fountains  Abbey.  The  sandstone  churches 
of  Derby  are  also  extremely  decomposed ;  and  the  church  of  St.  Peter  at  Shaftesbury  is  in 
such  a  state  of  decay  that  some  portions  of  the  building  are  only  prevented  firom  falling  by 
means  of  iron  ties. 

1652.  «  As  an  example  of  an  edifice  constructed  of  a  calciferous  variety  of  sandstone,  we 
nwy  notice  'Hsbury  Church,  which  is  in  unequal  condition,  the  mouldings  and  other  enrich- 
ments being  in  a  perfect  state,  whilst  the  ashler,  apparently  selected  with  less  care,  is  fest 
mouldering  away. 

1653.  **  The  choir  of  Southwell  Church,  of  the  twelfth  century,  may  be  mentioned  as 
affording  an  instance  of  the  durability  of  a  magnesio-calciferous  sandstone,  resembling  that 
of  Mansfield,  after  long  exposure  to  the  influences  of  the  atmosphere. 

1654.  *<  Of  buildings  constructed  of  magnesian  limestone  we  may  mention  the  Norman 
portions  of  Southwell  Church,  built  of  stone  similar  to  that  of  Bolsover  Moor,  and  which  are 
throughout  in  a  perfect  state,  the  mouldings  and  carved  enrichments  being  as  sharp  as 
when  first  executed.  The  keep  of  Koningsburgh  Castle,  built  of  a  magnesian  limestone 
from  the  vicinity,  is  also  in  a  perfect  state,  although  the  joints  of  the  masonry  are  open  in 
consequence  of  the  decomposition  and  disappearance  of  the  mortar  formerly  within  them. 
The  diurch  at  Hemmingborough,  of  the  fifteenth  century,  constructed  of  a  material  re- 
sembling the  stone  from  Huddlestone,  does  not  exhibit  any  appearance  of  decay.  Tickhill 
Church,  of  the- fifteenth  century,  built  of  a  similar  material,  is  in  a  fiiir  state  of  preservation. 
Huddlestone  Hall,  of  the  sixteenth  century,  constructed  of  the  stone  of  the  immediate 
vicinity,  is  also  in  good  condition.  Roche  Abbey,  of  the  thirteenth  coitury,  in  which 
stone  from  the  inunediate  neighbourhood  has  been  «nployed,  exhibits  generally  a  feir  state 
of  preservation,  although  some  portions  have  yielded  to  the  effects  of  the  atmosphere. 

1655.  **  As  examples  of  magnesian  limestone  buildings  in  a  more  advanced  state  of 
decay,  we  may  notice  the  churches  at  York,  and  a  large  portion  of  the  Minster,  Howden 
Church,  Doncaster  Old  Church,  and  others  in  that  part  of  the  country,  many  of  which  are 
so  much  decomposed  that  the  mouldings,  carvings,  and  other  architectural  decorations  are 
often  mtirely  eflbced. 

1656.  **  We  may  here  remark,  that,  as  fiv  as  our  observations  extend,  in  proportion  as  the 
stone  employed  in  magnesian  limestone  buildings  is  crystalline,  so  does  it  appear  to  have 
resisted  the  decomposing  effects  of  the  atmosphere ;  a  conclusion  in  accordance  with  the 
opinion  of  Professor  Daniell,  who  has  stated  to  us  that  firom  the  results  of  experiments, 
he  is  of  opinion  '  the  nearer  the  magnesian  limestones  approach  to  equivalent  proportions 
of  carbonate  of  lime  and  carbonate  of  magnesia,  the  more  crystalline  and  better  they  are  in 
every  respect* 

1 657.  **  Of  buildings  constructed  of  ooUtie  and  other  limestones,  we  may  notice  the  church 
of  Byland  Abbey,  of  the  twelfth  century,  especially  the  west  firont,  built  of  stone  firom  the 
immediate  vicinity,  as  being  in  an  almost  p^ect  state  of  preservation.  Sandysfoot  Castle, 
near  Weymouth,  constructed  of  Portland  oolite  in  the  time  of  Henry  VIII.,  is  an  example 
of  that  materia]  in  excellent  condition  ;  a  few  decomposed  stones  used  in  the  interior  (and 
which  are  exceptions  to  this  fiust)  being  firom  another  oolite  in  the  immediate  vicinity  of 
the  castle.  Bow  and  Arrow  Castle,  and  the  neighbouring  ruins  of  a  church  of  the  four- 
teenth century,  in  the  Island  of  Portland,  also  i^ord  instances  of  the  Portland  oolite  in 
perfect  condition.  The  new  church  in  the  island,  built  in  1766,  of  the  variety  of  the  Port- 
land stone  termed  roach,  is  in  an  excellent  state  throughout,  even  to  the  preservation  of  the 
marks  of  the  chisel. 

1658.  **Many  buildings  constructed  of  a  material  similar  to  the  oolite  of  Ancaster, 
such  as  Newark  and  Grantham  Churches,  and  other  edifices  in  various  parts  of  Lincoln- 
shire, have  scarcely  yielded  to  the  effects  of  atmospheric  influences.  Windrush  Church, 
built  of  an  oolite  firom  the  neighbouring  quarry,  is  in  excellent  condition,  whilst  the  Abbey 
Church  of  Bath,  constructed  of  the  oolite  in  the  vicinity  of  that  city,  has  suffered  much 
from  decomposition  ;  as  is  also  the  case  with  the  cathedral,  and  the  churches  of  St  Nicholas 
and  St  Michael  in  Gloucester,  erected  of  a  stone  firom  the  oolitic  rocks  of  the  neighbour- 
hood. 

1659.  **  The  churches  of  Stamford,  Ketton,  CoUey  Weston,  Kettering,  and  other  places 
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in  that  part  of  the  country,  attest  the  durability  of  the  Shelley  oolite,  termed  Bamack  Rag, 
with  the  exception  of  thoee  portions  of  some  of  them  for  which  the  stone  has  been  iU- 
seleoted.  The  excelleht  condition  of  those  parts  which  remain  of  Glastonbury  Abbey  show 
the  value  of  a  shelly  limestone  similar  to  that  of  Doulting,  whilst  the  stone  employed  in 
Wells  Cathedra],  apparently  of  the  same  kind,  and  not  selected  with  equal  care,  is  in  parts 
decomposed.  The  mansion,  the  church,  and  the  remains  of  the  abbey  at  Montacute,  as 
also  many  other  buildings  in  that  vicinity,  constructed  of  the  limestone  of  Ham  Hill,  are 
in  excellent  condition.  In  Salisbury  Cathedral,  built  of  stone  from  Chilmark,  we  have 
evidence  of  the  general  durability  of  a  siliciferous  limestone ;  for,  although  the  west  front 
has  somewhat  yielded  to  the  effects  of  the  atmosphere,  the  excellent  condition  of  the  build- 
ing generally  is  most  striking. 

1 660.  "  In  the  public  buildings  of  Oxford,  we  have  a  marked  instance  both  of  deoom* 
position  and  durability  in  the  materials  employed ;  for  whilst  a  shelly  oolite,  similar  to  that 
of  Taynton,  which  is  employed  in  the  more  ancient  parts  of  the  cathedral,  in  Merton 
College  Chapel,  ftc,  and  commonly  for  the  plinths,  string-courses,  and  exposed  portions  of 
the  other  edifices  in  that  citv,  is  generally  in  a  good  state  of  preservation,  a  calcareous  stone 
from  Heddington,  employed  in  nearly  the  whole  of  the  colleges,  churches,  and  other  public 
buildings,  is  in  such  a  deplorable  state  of  decay,  as  in  some  instances  to  have  caused 
all  traces  of  architectural  decoration  to  disappear,  and  the  ashler  itself  to  be  in  many  places 
deeply  disintegrated. 

1661.  **  In  Spoffbrth  Castle  we  have  a  striking  example  of  the  unequal  deoompoaition 
of  two  materials,  a  magnesian  limestone  and  a  sandstone ;  the  former  employed  in  the 
decorated  parts,  and  the  latter  for  the  ashler  or  plain  fiunng  of  the  walls.  Although  the 
magnesian  limestone  has  been  equally  exposed  with  the  sandstone  to  the  decomposing 
effects  of  the  atmosphere,  it  has  remained  as  perfect  in  form  as  when  first  employed,  while 
the  sandstone  has  sufiTered  considerably  from  the  effects  of  decompoation. 

1 662.  **  In  Chepstow  Castle,  a  magnesian  limestone  in  fine  preservation,  and  a  red  sand- 
stone in  an  advanced  state  of  decomposition,  may  be  observed,  both  having  been  exposed  to 
the  same  conditions  as  parts  of  the  same  archways ;  and  in  Bristol  Cathedral  there  is  a 
curious  instance  of  the  effects  arising  from  the  intermixture  of  very  different  materials, 
a  yellow  limestone  and  a  red  sandstone,  which  have  been  indiscriminately  employed  both 
for  the  plain  and  decorated  parts  of  the  building ;  not  only  is  the  appearance  in  this  case 
unsightly,  but  the  architectural  eflTect  of  the  edifice  is  also  much  impaired  by  the  unequal 
decomposition  of  the  two  materials,  the  limestone  having  suffered  much  less  from  decay 
than  the  sandstone. 

1663.  **  Judg^g,  therefore,  from  the  evidence  afforded  by  buildings  of  various  dates, 
there  would  appear  to  be  many  varieties  of  sandstone  and  limestone  employed  for  building 
purposes  which  successfiilly  resist  the  destructive  effects  of  atmospheric  influences; 
amongst  these  the  sandstones  of  Stenton,  Whitby,  Tintem,  Rivaulx,  and  Cragleith,  the 
magnesio-calciferous  sandstones  of  Mansfield,  the  calciferous  sandstone  of  Tisbury,  the 
crystalline  magnesian  limestones,  or  Dohmitei  of  Bolsover,  Huddlestone  and  Roche  Abbey, 
the  oolites  of  Byland,  Portland,  and  Ancaster,  the  Shelly  oolites  and  limestones  of  Bamack 
and  Ham  Hill,  and  the  siliciferous  limestone  of  Chilmark  appear  to  be  amongst  the  most 
durable.  To  these,  which  may  all  be  considered  as  desirable  building  materials,  we  are  inclined 
to  add  the  sandstones  of  Darley  Dale,  Humbie,  Longannet,  and  Crowbank,  the  magnesian 
limestones  of  Robin  Hood's  Well,  and  the  oolite  of  Ketton,  although  some  of  them  may 
not  have  the  evidence  of  ancient  buildings  in  their  favour.**  The  Report  upon  which  we 
have  drawn  so  largely,  and  from  which  we  shall  extract  still  larger  drafts,  then  proceeds  to 
close  by  a  preference  to  limestones  on  account  **  of  their  more  general  uniformity  of  tint, 
their  comparatively  homogeneous  structure,  and  the  focility  and  economy  of  their  con- 
version to  building  purposes,**  of  which  it  prefers  the  crystalline ;  on  which  account,  and  its 
combination  with  a  close  approach  to  the  equivalent  proportions  of  carbonate  of  lime  and 
carbonate  of  magneria,  for  uniformity  in  structure,  fiwility  and  economy  in  conversion,  and 
for  advantage  of  colour,  the  parties  to  the  Report  prefer  the  magnesian  limestone  or 
dolomite  of  Bolsover  Moor  and  its  neighbourhood.  The  Report  deserves  every  commend- 
ation. There  are  points  which,  were  we  disposed  to  cavil,  might  frimish  matter  for  it,  but 
upon  the  whole  it  baa  been  well  done,  and  is  the  first  scientific  step  the  government  of  this 
country  has  ever  taken  in  respect  of  practical  architecture. 

1 664.  The  following  table  presents  a  synoptical,  and,  to  the  architect,  important  view  of 
the  relative  value,  in  every  respect,  of  the  principal  species  of  stone  which  the  various  pro- 
vinces of  England  afford  for  building  purposes,  and  is  condensed  from  the  Report  so  much 
at  length  above  quoted. 
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SANDSTONES. 


Name  of 

Qoarn,  and 

rtam  ntnatad. 


Abbicarne 
and      Nbw< 
BRiDGi,  near 
Newport, 
Monmouth 
shire 


Ball  Cbosii 


Uoany. 


Coraponent  Paits 
of  Stoncw 


Barbadou, 
Tintem, 
Monmouth* 
•hire. 


BiNNIB,      Up- 

hall,  and  in 
Linlithgow- 
thire. 


Sir  B.  Hall.  Quarts  and  «i 
Bart.  liceous  grainf, 

moderately 
fine,  with  ar- 
gillo.sUlceou« 
cement  ;  mi- 
caceous, and 
with  remains 
of  fossil  plants 

Siliceous  grains 
with  argiUo- 
sllireous  ce- 
ment :  occa- 
sionally mica- 
ceous, ferru 
ginous. 


Duke       of 
Beaufort 


Earl  of  Bu< 
chanan. 


Boltom's 

QdARBT, 

Alslal)jr, 
Yorkshire. 


Bramlby 
Fall    (Old 
Quarrv), 
near  Leeds, 
Yorkshire. 


Caltbrlbt, 
Tunbridge 
Welis,Kent. 


Messrs.  El 

£e  and 
awson, 
as  execu 
tors  of  the 
late  Mr. 
Noble,  of 
York. 


Earl  of  Car- 
digan. 


John  Ward, 
Esq.,  Hoi 
wood 
Park. 
Bromley. 
Kent. 


Fine  and  coarse 
quarts,  and 
otiier  siliceous 
grainny  with 
argil  lo-sili- 
ceous  cement, 
ferruginous 
spots,  and 
plates  of  mica. 

Fine         quartz 
grains,     with 
argiilo.sili- 
ceous  cement, 
micaceous, 
chiefly  in 

planes  of  beds. 


Moderately  fine 
siliceous 
grains,  with 
argillo-sili- 
ceous  cement, 
plates  of  mica, 
and  spots  or 
carbon  disse- 
minated. 


Colow. 


Dark 
bluish 
grey. 


Ferrugi- 
nous 
brown 
striped, 
and 

zoned  in 
deeper 
tlnu. 

Light 
greyish 
brown. 


lb.  oi. 
167  15 


Brownish 
grey. 


Quarts      grains 
(often  coarse), 
and      dccom 
posed  felspar, 
with     argil  lo- 
siliceous     ce- 
ment.      Mica 
rare.       Small 
ferruginous 
spots  dlssemi 
nated. 

Fine  siliceous 
grains,  with  a 
•lightly  cal- 
careous ce- 
ment. 


Warm 
light 
brown. 


1 


10 
in 


to 
tons, 
thick, 
nesses 
of  6  feet. 


Ill 
lb 

ha 


4|4.,  or 
fit.  per 
ton 


146  18  1 


140 


to     10 
tons, 
thickest 
bedlOto 
12  ft. 


1  Bands 
to  18  ft. 
thick  (3 
In  num- 
iMr). 


1     6 


\0d.    to 


126  11 


Light 
ferru- 
ginous 
brown. 


Varle. 
gated 
browns. 


142    8 


118    1 


14  U.ld.tn 
2s.  for 
largest 
blocks. 


100  ft. 
cube  ; 
top  beds 
for 

house 
build- 
ing, 
bottom 
beds  for 
docks. 
Beds    3 
to  8  ft. 

Up  to   18 
tons. 


70  or  80 
ft.,  and 
upwards 
to  fiOO. 
Beds  to 
3|ft. 


lOd.    to 


2  9 
to 

3  8 


1  9 
to 

2  1 


Ad.      to 
6d. 


1    2 

to 

1    4 


Where  BMd. 


Old  churches 
and  modern 
buildings  in 
Ticinity  ;  new 
Docks  at  New. 

Sirt  and  Car- 
ff*. 


At    ChaUworth 
and  BakewelL 


TIntem  Abbey. 


New  club-house 
in  Prince's 
Street,  Edin 
burgb,  and 
numerous  pri 
▼ate  houses 
there  and  in 
Glasgow. 

Whitby   Abbey. 
New   Univer- 
sity Library  at 
Cambridge, 
Scarborough 
and  Bridling- 
ton        Piers. 
Sheemess  and 
St.        Katha 
rine*s   Docks, 
ftc. 


In       numerous 
bridges, 
waterworks, 
&c. 


Upper  part  of 
new  church  at 
Tunbridge 
Wells  ;  Ca- 
tholic Chapel, 
the  Calverlpy 
Hotel,  new 
Market 
House,  and 
Victoria  Na- 
tional School, 
and  about  1 00 
houses,  &c.,  at 
Tunbridge 
Wells  and  Its 
vlciait^* 
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SAND8TONBS« 

^B  a^hJ^^mmC 

NmimoT 

1 

h 

fli 

Quain.ana 
wlMi«  iltuawd. 

PlWMrlltOT  ft 

Cooipotimt  Fflfls 

SratoMb 

CoiMur. 

U 

WtMNOMd. 

lb.  OS. 

«.  d. 

Craioliith, 

W.  R.  Ram- 

Fine        qaarti 

Whitish 

145  14 

^sysf 

M.      to 

1  10} 

Used        ezten- 

Craigleith 

say,  Esq.. 

grains,  with  a 

WTfJ* 

9f.  6tf.. 

to 

sively  in  public 
buildings      in 

Hill,      near 

Of    Barn- 

siliceous     ce- 

Sf^ 

accord- 

8   74 

Edinburgh. 

ton. 

ment,  slightly 

ing    to 

Edinburgh  ; 

calcareous,  oc- 

breadth. 

quality. 

the      College 

casional  plates 

fh>m    6 

(1580),  Regb- 

of  mica. 

in.  to  10 
ft.  thick. 

try        (17f4), 
courts  of  law. 
Custom 
House,  Royal 
Exchange, 
National  Mo- 
nument,   and 
numerous 
churches,  and 
now  using  for 

■ 

repairs         at 

BLidLfriars 

Bridge. 

Ckawbank, 

Duke  of  Ha. 

Fine    quartBose 

Light  fer- 

199    8 

5  ft.  thick, 

U.     for 

9    8 

A  Roman  bridge 
(a.  d.  1400. 
old  church  of 

Borrow- 

mllton. 

grains,     with 

ruginous 

6  ft. 

blocks 

stones. 

an   argillo-si- 

brown. 

broad  : 

of  not 

IJnlithgow- 

liceous        ce- 

10 ft. 

more 

Kinneil,ofthe 

shire. 

ment,     some- 
what     ferru- 
ginous :  disse. 
minated  mica. 

long. 

than   5 

cubic 

ft. 

twelfth  cen- 
tury. 

DurnsLD 

Mrs.    Stra- 

Quarts  grains  of 

Light 

138  14 

140  ft.; 

U.     Id. 

«         m 

St.    Mary's 

Bank.  Duf- 
fleld,  Derby- 

than. 

moderate  size. 

brown 

thickest 

the 

Bridge,      Re- 

and     decom- 

with 

beds 

white 

porter  Office, 
Mechanics' 

shire. 

posed  felspar. 

dark 

about 

stone. 

with    an    ar- 

brown 

4ft.; 

M.  the 

Lecture  Hall, 

gillo-sillceous 

and 

half  the 

brown 

and       Bishop 

cement,  ferru- 

purplish 

depth 

stone. 

Ryder's 
Church     now 

ginous    spots, 

tints. 

brown. 

and  occasion- 

half 

building 

ally  plates  of 
mica. 

white. 

Bridge      and 

chimney 

shafts           to 

School,     Bir- 

mingham. 

DuKB*sQiTAm- 

Duke        of 

Quartz     grains, 
generally 

Red,    ra- 

144    8 

„       _ 

Id, 

8    8 

Penitentiary    at 

■IBM,       Holt 

Devon- 

rled 

Millbank,  and 

Stanwell 

shire. 

coarse,     with 

with 

the  fllling  in 
parte  of  Wa. 

Bridge, 

decomposed 

green, 

brown, 

and 

Derljyshire. 

felspar,  and  an 
afgAlo-sili- 

terloo  Bridge, 
London. 

ceotts  cement ; 

grey. 

ferruginous 

^          m 

spots. 

Elland  Book, 

. 

Fine         quarts 

Light  gr^ 

158    4 

near     Hall- 

grains,      with 

brown. 

fax,     York- 

an  argillo-sili- 

shire. 

ceous  cement, 
micaceous    in 
planes  of  beds. 

Gathirliy 

John   War- 

Quarts  grains  of 

Cream. 

186  18 

lt08t0DS, 

U,     for 

S    1 

Asto  Hall  near 

Moor,  near 

ton,  Esq. 

moderate  sise. 

a  bed  19 

the    13 

Richmond, 

Richmond, 

Ois- 

and  an  arglllo- 

ft.  deep. 

ft.  bed. 

and    Caterick 

Yorkshire. 

borough. 

sillceous     ce- 
ment ;    ferru- 
ginous    spots 
and  plates   of 
mica. 

bridges  over 
the  Swale ; 
Purse  Bridge 
OTer  the 
Tees ;  Skelton 
Castle,  Dar- 
lington Town 
Hall,  Ixwk- 
bura  Hall, 
and  numerous 
modem  build- 
ings. 

Chaw,  IL 
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—  eouUmmid. 

NanMoT 

4^ 

nil 

It 

Hi 

,&nt'i^ 

riopiltttnr  of 

Componcnl  Parts 
of  (Mom. 

Oehmr. 

^l 

Hi 

II! 

IP 

HrbMCBMd. 

lb.  OS. 

$.d. 

M.  d. 

Gatton,  Oat- 

Lord  Mon- 

Fine      siliceous '  OreeDlsh 

108    1 

8ft  to  60  ft. 

I    4 

m         m 

Hampton  Court 
and    Windsor 

ton,  Surrey. 

son. 

grains,  with  a 

light 

cube, 

to 

calcareo-sl. 

brown. 

I    6 

Castle,     &c. ; 

Uceous        ce- 

4  to   10 

many 

ment,  contain- 

ft. long. 

churches      in 

ing  green  sili- 

Surrey;  Town 

cate    of    iron 

Hall          and 

and  plates   of 

Almshouse 

mica. 

Establishment 
at     Croydon : 
and      seTeral 
modem  build- 
ings in  the  pa- 
rish of  Gatton. 

Glammis, 

Earl          of 

Siliceous  nralns 
of     moderate 

Purple 

161    8 

Any  prac- 
ticable 

0    7 

about 

Glammis  Castle 

Forfarshire. 

Strath- 

grey. 

to 

19s. 

and        lUTer- 

more's 
trustees. 

sise  ;   cement 
slightly      cal- 

sise; 
thickest 

1    0 

per 

ton. 

quharity 
Castle,      sup- 
posed  of  the 

careous;  mica 

bed  6  ft. 

abundant      in 

tenth  century : 

planes  of  beds. 

CorUchy 
CaiUe ;      and 
in        modem 
buildings  { 
Lendertis 
House,  ftc. 

Hbooon,  near 

Mrs.       Be- 

Coarse    quarts 

Light 

130  11 

Beds  4  to 

0     6 

1    8 

Church  at  Hed- 

Newcastle, 

wick,  near 

grains,  and  de- 

brown 

IS  ft. 

to 

to 

don,    steeple. 

Northum- 

Newcastle 

composed  fel- 

ochre. 

thick. 

0    10 

8    0 

1764 ;  Norman 

berland. 

upon 
Tyne. 

spar,  with  an 

chancel ;     co- 

arglllo-sill. 

lumns  of  por- 

ceous cement. 

tico  to  theatre, 

ferruginous 

and  Grey  Mo. 

spots. 

nument        at 
Newcastle ; 
and  nearly  all 
the  buildings, 

ancient      and 

modem,       in 

and         about 

Newcastle. 

UOLLITCaTON, 

Sir  J.  Gib- 

Quarts grains  of  Light 

ISS    1 

30  to  40  ft. 

0     7 

2    6 

Trentham  HaU, 

StalVbrd- 

bons, 

moderate  sise. 

brown- 

squai^. 

to 

Drayton    Ma- 

shire. 

Bart.,near 
Staines, 
Middle, 
sex. 

with  an  argil- 
lo.silicoous  ce- 
ment ;    plates 

ish  grey. 

• 

and  8  ft. 
thick. 

1      0 

nor,      Heath- 
house,       and 
Tarious  public 
and      prlrate 
buildings      in 
Staflbrdshire ; 

Town      Hall, 

Derby;  Bfear 

Hall,       Che- 

shire,  &c. 

HCMBII, 

Earl          of 

Fine         quarts 

Pale  grey 

White 

90     cubic 

1      0 

S    6 

Newliston 

Humbie» 

Hope- 

grains,      with 

and 

140    3 

ft.    and 

to 

to 

House,   Kirk- 

Linlithgow, 
shire. 

loun. 

siliceous     ce- 
ment ;  slightly 
calcareous ; 
mira  chiefly  in 

Ught 
brown. 

grey 
135  13 

wards, 
if  re- 
quired; 
thickest 

1    10 

8    2 

liston  J    Dun- 
das       CasUe ; 
additions      to 
the  Royal  In- 

planes of  beds. 

stitution;  front 

bod  8  ft. 

of    Surgeons* 
Hall,  spire  of 
Tron  Church, 

and      rarlous 

other     public 

buildings      in 

Edinburgh ; 

also  in   Glas- 

gow. 

LONOAWNCT, 

near      Kin- 

Trusteea  of 

Fine         quarti 

Light  Ite. 

1S1  11 

4to6toos; 

0     8 

1    8 

Staadt     House, 

late   Ix>rd 

grains,     with 

rugin- 

thickest 

to 

to 

Amsterdam; 

cardine,    in 

Keith. 

siliceous     ce- 

ous 

beds  6  ft. 

S     6 

8    6 

Exchange, 

Perthshire. 

ment,  contain- 

brown. 

Edinburgh ; 
Tulle      Mare 

ing    oxide   or 

iron ;    a    few 

Castle,  Perth- 

plates of  mica. 

shire;  and  part 
of  a  street  in 

1 

Perth. 
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NamaoT 

^4 

^^U 

M 

Ih 

wSnrnaatmA 

Prauilalw  of 
Oaany 

ConpofMBt  Pacta 
tfStaoa. 

Colaar. 

4 

la 

if 

Wtaaraaaad. 

lb.  OS. 

t.    4. 

i.  d. 

MCNLOCHT,  in 

JohnMathe- 

Fine      siliceous 

Red     and 

leo  9 

Of    large 

0     6 

m          m 

Cathedral 

Roaa-ihlro. 

son,  Esq., 

grains,  with  an 

variega- 

sise; 

to 

Church         of 

of      Ben- 

argiUo-sili- 

ted. 

beds   Si 

0     6| 

Ross  at  Fort- 

netsfleld. 

ceous  cement ; 
micaceous. 

to  6   S! 
thick. 

rose,  A. 0.1124; 
Inverness  Old 
Bridge,  Crom. 
well       Court, 
&c. 

Mylncpiild, 

James 

Fine      siliceous 

Purplish 

160   0 

Any  prac- 
ticable 

0     9 

^          ^ 

Old    steeple   of 

or   RiNooo- 

Mylne. 

grains,  with  a 

grey. 

to 

Dundee,   19th 

DiB,       near 

Esq. 

calcareo-argil- 

sise. 

1      6 

century,    well 

Dund<^    in 

lo-sllioeous 

preserved : 
Koyal  Asylum 

Perthshire. 

cement ;  mica- 

ceous in  planes 

of       Dundee, 

ofbeda. 

ftc;  Bell  Rock 
Lighthouse, 
Royal  Asylum 
of  Perth,  Kin- 

• 

fauns    Castle, 

CasUe   Hunt- 

ley, ftc.  ftc 

Pabk  Spung, 

Earl  of  Car- 

Fine        quarts 

Light  fer- 

161   1 

10  tola  ft 

0     7 

9    4 
to 

Commercial 

near  Leeds, 

digan. 

grains,  and  de- 

rugin- 

iongt 
thidiest 

buildings      at 

Yorkshire. 

composed  fel- 

ous 

9    6 

Leeds,      tpam 

spar,  with  an 

brown. 

bed  3  ft. 

the  old  quarry. 

argiUo-sUi- 

4  in. 

which  is  of  ex- 

ceous cement ; 

actly     similar 

mica  chiefly  in 

stone  to   that 

planes  of  beds. 

of  this  quarry. 

Penshbk,  near 

Marquess  of 

Coarse     quarts 

Pale 

134    6 

Any  prac- 
ticable 

0     81 

1    7 

Pensher      Cha- 

Houghton- 

London- 

grains,     with 

whitish 

w 

pel  ;      Scotch 

le- Spring, 
Durham. 

derry. 

an  argillo-sili- 

brown. 

sise; 

C*burch,   Sun- 

ceous cement ; 

thickest 

derland;  Sun- 

plates of  mica. 

bed     90 
ft. 

derland   Pier, 
Seaham    Har- 
bour, Victoria 
Bridge,  on  the 
Wear,  &c. 

PYOTDTKn, 

near  Dun- 

Alexander 
Clayhllls, 

Siliceous  ffralns 
of     moderate 

Purplish 

16S    8 

Thickest 
bedSto 

0    10 
to 

9    1 
to 

Extensively   for 
the  works   at 

dee,  Forfar- 

Esq.,   In- 

sise,     with   a 

4  ft. 

1      9 

9    5 

Dundee  Har- 

shire. 

nergow- 
rie. 

calcareo-argil. 
lo-slliceous 
cement ;  mica- 
ceous. 

bour,  &c. 

SCOTOATK 

The      fkve- 

Quarts     grains. 

Light 

108    0 

Thickest 

0     8 

1    9 

York       Castle ; 

Head,  Hud- 

holders  of 

of     moderate 

greenish 

beds  tL 

Bath  Hotel,  at 

dersfleld. 

Onley. 

sise,   with  an 

grey. 

61n. 

Huddersfleld. 

Yorkshire. 

argillo-slli- 
oeous  cement ; 
mica  in  planes 
of   beds,   and 
occasional 
specks  of  car- 
bon. 

Stanclifp,  or 

A.H.Heath- 

Quarts  grains  of 

Light  fer- 

148   8 

Of      rery 

I      ft 

S    8 

Abbey  In  Darley 
DaIe;Stancllfl 

Darlbt 

cote,  Esq., 

moderate  sise. 

rugin- 

large 

Dale,   near 

Black- 

and      decom- 

ous 

sise. 

Hall,Birming- 

BakewelU 

weU. 

posed  felspar. 

brown. 

ham ;     Gram- 

Derbyshire. 

with  an  argil- 
lo-slUceotts 

mar      School, 
Birmingham ; 
and    Notting- 

cement, ferru- 

ginous   spots, 

ham    Railway 

and  plates   of 

Station 

mica. 

Houses. 

STBNTON.near 

Duke        of 

Fine         quarts 

Ferrugin- 
ous light 

141    8 

15  to  90  ft. 

0     iU 

1    5 

The         Round 

Barnard 

Clere- 

grains,  and  de- 

long,   9 

« 

Keep  of  Bar- 
nard    Castle ; 

Castle,  Dur- 

Und. 

composed  fel- 

brown. 

ft.  to  8 

ham. 

spar,  with  an 
argUlo-sili. 
ceous  cement, 
ferruginous 
specks,      and 
some  plates  of 
mica. 

ft        in 
thick- 
ness. 

Joint      Stock 
Bank,         and 
MarketHouse, 
Barnard  Cas- 
tle. 

Chap.  II. 


STONE. 


465 


SA  NDSTONBS  —  om/AMiAf. 


Nine  of 

• 

m 

lUos. 

"iili 

tt         3 

8i 

1 

QuiTT,  and 
wfient  •ttiMtwt. 

Pnpfteioror 
Qfunj. 

Con]PMiBRt  Fwts 

Celeiir. 

fty'll 

4 

Wbocoacd. 

$.  *. 

Writbt  Com- 

pany'i 

Mra.   Helen 
Noble, 

Sillcemu  grains 
of      moderate 

Light 
brown. 

126  11 

40x2Bft. 

0    10 

1    8 

Some   partt    of 
Whitby     Ab- 
bey ;  New  Li- 

AlSLABT, 

York. 

slse,  with   an 

near   Whlt- 

argillo-slli- 

brary  at  Cam- 

bv, York- 
tnire. 

ceoiu  cement; 

bridge  1  Baths 

some  plates  of 

and         Town 

mica  and  spots 

Hall  at  Whit- 

of carbon  dis- 

by ;    cemetery 

seminated. 

at    Hlgbgate; 
Hungerford 
Market,  ftc. 

Whitby  Com- 

Robert Gary 

, 

PBle,      to 

m          m 

Amcliflb, 

0     \\\ 

1    9i 

Grosmont     Ab- 

pany**  Bo- 

El  wet. 

dark 

lAxl0x9 

bey            and 
Bridge;  Egton 
Bridge;  Lon- 

ton    QUAB- 

Biq.. 

brown. 

Prod- 

HiBS,    being 

Great  BU- 

dams, 

Amei(0i, 

lingt, 

lOxRxS 

don  and  Bir- 

Jmliam 

North- 

Lease 

mingham 
Railway; 

Park,  Prod- 

ampton* 

Rigg**. 

dam$t     and 

thire. 

10x6x5 

Whitby      and 
Pickering 

LeaaeRmge, 
near   Whit' 

Railwi^. 

by. 

Wbitby  Com- 

Charles 

„           „ 

„ 

« 

24x9xS| 

1     1 

1  11 

Parts  of  Whitby 

PANY'a 

Saoaden, 

Abbey,  and  a 

Skbatok, 

Biq.. 

portion  of  the 

near   Wbit- 
by. 

SneatOQ 
CasUe. 

parapet         of 
BlackfHars 
Bridge,    Lon- 
don. 

WHmT  COM- 

R.  W.  Skel- 

M                            mm 

„        _ 

_ 

G  ft.  by  4 

0    10 

1    8 

Lewisham 

panyINiw- 

ton,  Em., 
near  Pick 

ft.     and 

Church. 

TON      DalB, 

18  in. 

near   Whit- 

erlng. 

by. 

LIMESTONES. 


Bbbb,       near  Lord  RoUe. 
Axmittster, 
Devonshire. 


Chilmabk, 
near    Sails- 
bury,  WUt- 
shire. 


HOPTON 

Wood,  near 
Wirks- 
worth,  Der 
bysbtra.. 


PblUp  Qall, 

Biq.. 
Hapton 
Hall,  near 
Wirks- 
worth. 


orstooe. 


Faita 


Chiefly  carbo- 
nate of  lime, 
flrlable,  and 
with  partial 
InduratloDfl. 


Light  tint 
of 
brown. 


Earl  of{CartM>nate       of  Light 

Pem-  lime,    with    a     green 

broke.  moderate  pro-     Ish 

portion  of  sill-     brown, 
ca,  and  occa. 
sional    grains 
of  silicate  of 
Iron. 


Compact  carbo-^Warm 
nate  of  lime.     light 
with  encrlnal     grey, 
fhigments 
abundant. 


163    7 


1S8    7 


ft. 
long.  3 
ft.  wide, 
and  2  ft. 
thick. 


10  cwt.  to 
3    tons. 
Several 
beds; 
thickest 
bed 

about  3 
ft. 

100    feet 
cube: 
beds 
vary    in 
thtck- 


fh>m    3 
to  10  ft. 


s.    dm 


1      6 

to 

%     0 


3  0 
to 

4  0 


s.  d. 


4  10 
to 

5  4 


4  10 
to 

5  10 


vtock  used. 


In  the  churches 
of  the  vicinity; 
St.  Peter's 
Church,  Exe- 
ter, in  ex- 
posed parts ; 
Colyton 
Church,  Char- 
mouth,  ftc.ftc. 

Salisbury  Cathe- 
dral. Wilton 
Abbey,  and 
many  other 
ancient  and 
modem  build- 
ings in  the  vi- 
cinity. 

At  Chatsworth, 
Belvoir  Castle, 
Trentham 
Hall,  Onyton 
Manor,  Bir- 
mingham 
Grammar 
School,  ftc 


Hli 
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•^  coiUiinid* 

Nam*  of 

m 

lb.ot. 

^ 

III 

Quarri.and 
vEar*  •Itmalod. 

PrqprlMorof 
Quay. 

oTssoBa. 

Colov. 

m 

m 

WHttvnaad. 

Mjl 

11^ 

«.   d. 

M.  d. 

Sbacomhb, 

William 

Semi-comDact 
carbonate     of 
lime,        with 

Ught 

161    0 

The  larg- 

1    Si 

1    9i 

Llshthouse  at 
Marsate;  the 
Clockhouse, 

near     Corfe 
CHstle,  Dor- 

John 
Bankea, 

brown. 

est6to8 
ft.,  by  9 

setshire. 

Esq. 

fragments    of 
shdU. 

to  3  ft. 
by  3  to  4 
ft. 

Dover  Pier ; 
prison  at  Win- 
chester ;  at  the 
West  India 
Docks,  forty 
Tears  since ; 
lighthouse 

now    building 

on  the  Isle  of 

Wight,  &c. 

Sutton,  near 

The  Crown, 

Compact-carbo- 

Very light 

186    0 

6  tuns,  and 

^           ^ 

•           m 

Dunraven   Cas- 

Bridgend, 

and 

nate  of  lime. 

cream. 

up- 

tle, Ogmond 
Abbey,  St  J)o- 

GUmorgan- 

others. 

Mjh^     cry- 

wards  ; 

shtre. 

thickest 

nats       Corty, 

bed  12ft. 

Neath  Abbey, 
and  Terv  an- 
cient buildings 

in  the  ai^oin- 
ing  counties. 

TOTTBMHOB, 

James    Jaly 

Calcareous   and 

Oreenish 

116    8 

40     cubic 

1    S 

2    6 

Dunstable  Prio- 

near    Dun- 

Wing. 

argillaceous 

white. 

ft.  or  up- 

ry Curch,  Lu- 

stable, Bed. 

matter       iu 

wards  ; 

ton,  and  many 

fordshire. 

about      equal 
portions ; 
structure  fine. 

5  to  6  ft. 
long. 

■ 

other  churches 
in  Bedford- 
shire and 
Hertfordshire; 
Wobnm    Ab- 
bey,     FonthiU 
House,     Ash- 
rldge^  Ac. 

MAGNBSIAN  LIMESTONES. 


Name  of 

ih 
Vi 

l!ll| 

^^r 

3?. 

Quanrr,  and 
wfier*  iltaated. 

PropctetMr  of 
QoMty 

Componant  ParU 
bfStoM. 

Coknr. 

*h^ 

la 

It' 

M.  d. 

Wbantuad. 

lb.  OS. 

t.   4. 

BOLSOVRR, 

Barl    Bath. 

Chiefly     carbo- 

Light rel- 

151  11 

A6  ft.  cube. 

0    10 

2    0 

Southwell 

near    Ches- 

urst. 

nate    of   lime 

lowish 

in   beds 

Church,    and 

terfield, 

and  carbonate 

brown. 

from    8 

numerous 

Derbyshire. 

of   magnesia ; 

in.  to  S 

buildings      in 
the  yic&ity. 

semi-crystal- 

ft.thick. 

line. 

BaODflWOBTH, 

Lord     Ren. 

Chiefly     carbo. 

Light 

133  10 

Thickest 

•              » 

•        * 

Doncaster    Old 

near     Don- 

dlesham. 

nate    of  lime 

brown 

bed  3  ft. 

Church      and 

caster. 

and  carbonate 

tint. 

6  in. 

Mansion- 

Yorkshire. 

of    magnesia, 
with  sub-ooli- 

house, Brock- 

lesbyHall«ftc. 

tic  grains ;  M. 

able. 

Cadbbt,  near 

Sir    Joseph 

Chiefly     carbo- 

Cream. 

126    9 

Central 

m                 a 

I  10 

Day  and   Mar- 
tinis, in  High 

Doncaster, 

Copley, 

nate   of    lime 

beds 

Yorkahira. 

Bart 

and  carbonate 
of    magnesia, 
with  sub-ooli- 

(the 
best)    4 
ftthlck. 

Holborn ; 
almshouses  at 
Edgware,  &c. 

% 

tic  and  irregu- 

larly    formed 

oolitic  grains : 

ihable. 

Chat.  II. 
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NttMof 

III 

lb.  Of. 

Sill 

lip 

M 

Ih 

,8sasi. 

Pnoctotoror 
Oiwiy. 

vonuunnt  Pnti 
SrSuna, 

Coldar. 

ill 

la 

if 

WbMwnsad. 

s.    d. 

s.  d. 

HUDDLB. 

Olirer  Gas. 

Chiefly     carbo- 

Whitish 

m  13 

60  to   250 

2     0 

8    0 

York     Minster, 

arroKB,  near 

coigne, 

nate    of   Ume 

cream. 

cubic  ft. 

Selby    Cathe- 

Sberbame, 
Yorkshire. 

ford. 

and  carbonate 
of    magnesia, 
semi  -  cnrital- 
llne. 

Beds 

hare 

been 

met 

with  4ft. 

thick. 

dral,  Huddle- 
stone       Hall, 
Sherborne 
Church,  West- 
minster  Hall, 
Galeforth 
Hall,  &C. 

Jackdaw 

Sir  Edward 

Chiefly  carbon- 

Dark 

„     _ 

Bedsirre- 

„       _ 

York     Minster, 

Ckaio,     near 

VaTasour, 

ate  of  lime  and 

cream. 

juUr. 
from    a 

and  probably 
most    of    the 

Tadcaster, 

Bart- 

carbonate     ol 

Yorkshire. 

magnesia. 

few    in- 
ches   to 
3  feet. 

churches  in 
York ;  also  for 
the  late  restor- 
ations of  York 
Minster. 

RoonABBVT, 

Earl  of  Scar- 

Chiefly  carbon- 

Whitish 

189    2 

8     or    10 

0    8 

2    U 
2  ll] 

Roche  Abbey 
Church,  Tick- 

MorBawtrj, 

borough. 

ate  of  lime  and 

cream. 

tons. 

to 

Yorkshire. 

cartMmate     of 
magnesia,  with 
occasional  den- 

thickest 
bed  will 

1    6 

hill  CasUe,and 
Church      and 

work2fL 

Bridge,  Sand- 

dritic  spots  of 

6  in. 

beck        Hall. 

iron   or  man- 

8elbyHall,two 

ganese,   semi' 

churches      at 

crystalline. 

Retford,  Baw- 
try  Church, 
and  numerous 
churches  in 
Yorkshire  and 
Lincolnshire^ 

Smawsb,  near 

TbomasPer* 

Chiefly  carbon- 

Light  yel- 
lowish 

127    8 

Largest 

0   7 

2    4 

HullOldChurch, 

Tadcaster, 

rott,  Esq. 

ale  of  lime  and 

obtained 

RiponMiuster, 

Yorkshire. 

carbonate     of 

brown. 

80x3*0 
x80. 

St.  Mary's 
Church      and 

the  minster  at 

Beverley,   the 

minster  and  se- 

veral churches 

at  York,  and  a 

new  church  at 

r 

Appleby,  in 
Lincolnshire. 

OOLITIC  STONES. 


AKOAsma, 
near  Slea- 
ford,  Un- 
oolnshire. 


Bainacx 
Mill,    near 
Stamford, 
Northamp- 
tonshire. 


Mrs.  Myers, 
Grantnam. 


Mr.      John 
Martin, 
Uffbrd, 
nearStam- 
ford. 


Fine  oolitic 
grains,  ce- 
mented by 
compact,  and 
often  crystal- 
line, carbonate 
of  lime. 

Carbonate  of 
lime,  compact 
and  ooHtic, 
with  shells, 
often  in  frac* 
mentSjCoarsely 
laminated  in 
planes  of  beds. 


Colour. 


Light 
whitish 
brown. 


lb.  OS. 

139    4 


136  12 


3  to  5  tons, 
beds,  18 
inches. 


Ud  to  30 
ft,  beds, 
9  to  18 
in. 


s.  d. 

0  9 
to 

1  5 


1    0 


t.  d, 

2    7 


2    8 


WhoniiMd. 


WoUaton  Hall, 
BeWoir  Castle, 
Belton  House, 
and  numerous 
mansions  and 
churches  in 
Lincolnshire. 

Burleigh  House, 
Peteroorough 
Cathedral, 
Croyland  Ab- 
bey, and    the 
greater^  pro 
portionr       of 
churclM      in 
Lincolnshire 
and         Cam 
bridgoshire. 
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OOLITIC  STONES— OMMiraetf. 


Nam*  of 

1 

lb.  OS. 

illi 

Jl 

Hi 

wnnrantuatH. 

Pravitetar  rf 

GompoMnt  Parti 

Cdow. 

4 

ff 

§.  d. 

WlMnoaad. 

ff.  d. 

Bath    Lodob 

W.  V.  Jen- 

Chiefly earbon> 

Cream. 

116  00 

IS  to  96  ft. 

0   6 

. 

Restoration    of 

HiLL.Combe 

kins.  Esq., 

ale  of  lime,  in 

cube. 

Henrr  VII.*s 
ch^)d,  twenty 

Down,  near 

Combe 

oolitic  grains. 

Thick. 

Bath,      So. 

Grove 

eat  bed. 

years  since. 
Kennet      and 

mertettbtre. 

House, 

^tt, 

Bath. 

A  Ton  Canal, 
and  other 
w<»ks. 

Bath    Batn- 

lliomas 

Chiefly   carbon. 

Cream. 

138  00 

Up  to  10 

0   7 

1  11 

Layoock  Abbey, 
Loncleat,  Bo. 
wood,      south 

TON  Quarry, 

Strong,  of 

ate  of  lime,  in 

tons. 

Box,      near 

Box,  near 

moderatelyflne 

Thick- 

Chippenham. 

Chippen- 
ham. 

oolitic  grains, 
withfragments 
of  shells  (wea- 
ther bed). 

est  bed, 
6ft 

» 

front  of  Wil- 
ton  House, 
Windsor  Cas- 
tle, te. 

Bath 

Wade 

Chiefly  carbon- 

Cream. 

123  10 

130  to  18& 

0    6 

1  10 

Buckingham 

(Drbwb's 

Brown. 

ate  of  lime,  in 

ft.     Se- 

New   Palace; 

QUABBY), 

Esq.. 
Monkton 

oolitic    grains 
of      moderate 

veral 

St.      James's 

Monkton 

beds.the 

Square,  Bath. 

FarliHffh, 
near  Bath. 

Farlelgh. 

sixe. 

deepest 
about 
4  ft.  Sin. 
thick. 

CBAlfMOBB, 

m                         m 

Carbonate       of 

Light 

184    4 

Of    large 

0   7 

•         • 

Cathedral        of 

near  Doult. 

lime,   with    a 

brown. 

slse. 

Wells,     Glas- 

I8S.. *'"- 

few        oolitic 

The 

tonbury     Ab- 

grains, and  an 

thickest 

bey,  ftc. 

abundance    of 

beds  will 

small     shells, 

work 

commonly    in 

30  in. 

Aragments, 

often    crystal- 

line. 

Hatdor.  near 
Orantham, 

John  Arrher 

Brownish 

1S8    7 

14  ft.  x3  ft. 

0    6 

3    4 

Lincoln    Cathe- 

Houbion, 

lime,  with  ooli- 

cream. 

x4ft. 

dral,     Boston 

Lincoln- 

Esq., near 

Bishop's 

Stortford. 

ticgrainSfOften 

Church,  Gran- 

shire. 

crystalline. 

Newark 

Church,     and 

most    of    the 

churches       in 

the  neighbour- 

hood,  and   In 

the  lower  part 

of      Lincoln- 

shire ;  Culver. 

thorpe  House, 

Belroir  Castle, 

• 

&c. 

Kbtton,      in 

LordNorth. 

Oolitic  grains  of 

Dark 

18B    5 

Up  to  100 
ft.,  beds 

I    9 

8    4 

Cambrklgi!,Bed. 

Rutland- 

wick. 

moderate  slse. 

cream 

ford.  Bury  St. 

shire,  near 

sllghUy       ce- 
mented bv  car- 
bonate oflime. 

colour. 

rary 

Edmund's, 

Stamford. 

rery 

Stamford,  Loo- 

much : 

don,         Ac. ; 

oneSft 

many    of   the 

6  in. 

ancient      and 

thick, 
called 

modern  build- 

ings at  Cam- 
bridge ;  also  in 

rag. 

the       modem 

works  of  Pe- 

terborough 

and    Ely   Ca- 

thodral,  and  at 

St.  Dunstan's 

New  Church, 

in  London. 

Pobtland 

Messrs. Wes-i  Oolitic   earbon- 

Whitish 

m        m 

Any  prac- 
ticable 

1  H 

8    8 

Various    public 

(Tbadb 

ton. 

ate    of    lime. 

buildings      in 

QUAIBV), 

with     a     few 

slse. 

London. 

Island  of 
Portland. 

fragments     of 
shells 

Chap.  II. 


STONE. 


469 


OOLITIC  STONBS  — 


Ni 


Qaam»anil 
wfiavnouMd. 


Portland 
{Kino  Bab^ 

EOW       EAtT 

Bud  Qcar. 
RV}adjotiiing 
Waycroft, 
bUud        of 
Portland. 


Portland 
(  Vbsn- 
Strsbt 
Quarry), 
UUnd  of 
Portland. 


Portland 
(Castle's 

QOARRT), 

Island  of 
Portlaod. 


Portland 
(WAYCRorr 
Qdarribs), 
Island       of 
Portiand. 


Portland 
(Maooott 
Quarry). 


Portland 
(ooslino*s 
Qdarry). 


Portland 
(GRorft 
Quarry 

BOWRRS). 


Portland 
(Groyb 
Quarry, 
RrdCropt). 


Fnutctnr 
Qniiny. 


Conponait  Fsitt 
orStoiMi 


ton. 


l[essrs.Wf 
ton. 


Bfessn.Wes- 

ton. 


The  Crown, 
on  lease  to 
Messrs. 

Stewards 
and  Co. 


The  Crown, 
on  lease  to 
Uessrs. 
Stewards 
and  Co. 


Messrs. 

Stewards 
a:  id  Co. 


Messrs. 

Stewards 
and  Co. 


Messrs. 

Stewards 
and  Co. 


Oolitic  carbon- 
ate of  lime, 
with  a  few 
fragments  €»f 
staeiU. 


Cflkmr. 


Whitish 
brown. 


Oolitic   carbon 
ate    of    lime, 
with     a     few 
(yasments     of 
shelU. 


Oolitic  carbon, 
ate  of  lime, 
with  R  few 
fragments  of 
shells. 


OoUtic  carbon- 
ate of  lime, 
with  dissemi« 
nated  frag- 
ments of 
shells. 


Oolitic  carbon- 
ate of  lime, 
wlthfrBgments 
of  shells. 


Oolitic  carbon- 
ate of  lime, 
with  fragments 
of  sheila. 


OoUtic  carbon- 
ate of  lime, 
wlthnumeroiu 
fragmenta  of 
shells. 


Oolitic   carbon 
ate    of    lime, 
with     a     few 
fragments     of 
shells. 


id 


lb.  OS. 


Any  prac- 
ticable 
sise. 


JL    If. 


Whitish 
brown. 


Whitish 
brown. 


Whitish 
brown. 


Whitish 
brown. 


Whitish 
brown. 


Whitish 
brown. 


Whitish 
brown. 


IM  10 
top 
bed. 


135    8 
top 
bed. 


196  13 


147  10 
best 
bed. 

146    9 
carf. 


Ady  prac- 
ticable 
sise. 


Anf  prac- 
ticable 
sise. 


Ady  prac' 
ticable 
sise. 


AnY  prac- 
ticid>le 
sise. 


Any  prac< 
ticable 
sise. 


Any  prac- 
ticable 
sise. 


Anv  prac- 
ticable 
site. 


»    <* 


»    H 


1    H 


1    *k 


1    H 


1    ♦» 


»  H 


§.  a, 

%    3 


s  a 


s  8 


9    3 


s  s 


S    8 


3    3 


3    0 


WtacKOMd. 


Various  public 
iMiildings  in 
Loodoo. 


Various  public 
buildings  in 
London. 


Various  public 
buildings  in 
London. 


Goldsmiths* 
Hail,  Reform 
Club  House, 
and  other  pub- 
lic buildings  In 
London. 


Various  public 
buildings  in 
London. 


Several  public 
buildings  in 
London. 


St.  Paul's  C»- 
thedral,and  se- 
Yeral  churches 
in  London, 
built  during 
the  reign  oT 
Queen  Anne. 


St.Paul's  Cathe. 
dral,  and  many 
churches  in 
London,  of 
Queen  Anne's 
reign. 


Of  the  Portlaod  stones,  it  is  to  be  observed  generally,  that  the  dirt  bed  is  Aill  of  fossil  roots,  truniu, 
and  branches  of  trees,  in  the  position  of  their  former  growth.  The  top  cap  Is  a  white,  hard,  and 
closely  compacted  limestone.  The  skidl  cap  is  trrMular  in  texture,  and  is  a  well-compacted 
limestone.  The  roach  beds  are  always  hacorporatcd  with  the  freestone  beds,  that  invariably  lie 
below  them,  and  are  ftill  of  cavities  formed  by  the  moulds  of  shells  and  the  like.  The  top  bed 
is  the  best  stone,  the  bottom  one  ill  cemented,  and  will  not  stand  the  weather.  A  middle  or  curf 
bed  occurs  only  in  the  southernmost  quarries  on  the  east  clIlT ;  It  is  soft  to  the  north,  and  hard  to 
the  south.  Tne  good  workable  stone  In  the  east  cliff  quarries  is  generally  less  in  depth  than  in 
the  same  bed  In  the  west  cliff  quarries,  but  the  east  cliff  stone  Is  harder,  more  especially  to  the 
south  of  the  Island.  The  stone,  oven  in  the  same  quarries,  varies  considerably.  That  which 
contains  flints  will  not  stand  the  weather.  The  bottom  bed  on  the  west  cliff  is  not  a  durable 
stone,  though  told  as  a  good  stone  In  the  London  market.  The  best  stone  Is  in  the  north- 
eastern part  of  the  island;  the  worst  in  the  aouth-westem  part.  The  annual  consumption  of 
the  whole  of  the  quarries  in  the  Island  is  equal  to  an  area  of  one  acre  of  the  good  workable 
stone,  or  about  94,000  tons.  The  entire  area  unworked  is  about  9000  acres.  There  are  56 
quarries  in  the  island,  and  i^ut  240  quarrymen  employed,  of  which  number  Messrs.  Stewards 
employ  usually  about  136. 
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OOLITIC  aTOVHS—amiimied. 


Nam*  or 

PnnrioUv  of 

CompoMnt  P«ru 

Colowr. 

Mi 

1 

ill 

t.  d. 

WbmiiMd. 

lb.  OB. 

i.d. 

TAYirroK,    or 

Lord  Djne- 

Carbonate       of 

Streaky 

135  16 

Any  prac- 
ticable 

0  10 

8    4 

Blenheim,  Com. 

Tbvnton, 

Tor. 

lime,      partly 

brown. 

to 

bury        Park, 

near      Bur- 

oolitic        and 

size. 

1    0 

Barrington 

ford,  Oxon. 

flriable,     with 
verf        amall 
Aragmentt     of 
aheiU,  Irregu- 

Thick- 
est  bed, 
about 

Park,  the  in- 
terior of  St. 
Paul's        and 

7  ft. 

many       other 

larly        lami- 

churches      in 

nated. 

London  and 
Oxford,  and  In 
Tariousbridges 
in  Oxford- 
shire. 

Wa»s,      near 

Martin  SU- 

Compact      car- 

Browa 

141  11 

Beds    va- 

„    _ 

«         m 

West  fhmt  and 

Thirck. 

fir* 

bonate  of  lime. 

soft. 

rial)le, 

a  large  propor- 
tion of  Byland 

Yorkshire. 

with       oolitic 

162    8 

about 

grains  and  an 

hard. 

16  in. 

Abbey. 

arglllo  -  calca- 

reous cement ; 

carbon    disse- 

minated. 

WlNDKDBH, 

Lord    SheU 

Fine         oolitic 

Cream. 

118    9 

5  to  40  ft. 

0    8 

«    7 

Windrush 

n^r      Bur- 

burne. 

grains,      with 

soft. 

Thickest 

Church,   Bar- 

ford,  GIou- 

calcareous  ce- 

135 15 

bed,  a  ft. 

rington  House, 
and  all  the  old 

cestershire. 

ment,    and    a 
few  fragments 

hard. 

6  in. 

buildings 

of  shells. 

within  many 
miles    of   the 

quarry.             1 

1665.  The  following  very  useful  enumeration  of  the  stones  used  in  buildings  of  the 
island,  arranged  under  that  head,  and  divided  into  the  sorts  of  stone  employed  in  them, 
we  add,  verbatim,  from  the  Report  which  we  have  so  much  used.  The  heads  are  under 
Samdstonk  buildings,  Limsstons  buildings,  and  Maonksian  Ljmxstone  buildings 


SANDSTONE    BUILDINGS. 

Bakbwell,  Derbyshire.  The  houses  generally  are  of  sandstone,  and  in  fair  ocmdition.  A 
new  bank  now  erecting  of  sandstone  from  Bakewell  Edge. 

Bakswxll  Church  (14th  century),  of  a  sandstone  of  the  vicinity,  very  much  decomposed. 

Barnard  Castle,  Durham  (14th  century^.  Circular  keep,  apparently  of  Stenton  stone,  in 
excellent  condition.  In  modern  works,  the  Joint  Stock  Bank  and  Market-house  of 
Stenton  stone,  in  good  condition. 

Belper  New  Church,  Derbyshire.  Built  10  years  since,  of  sandstone  from  Hungerhill, 
in  an  incipient  state  (in  parts)  of  decomposition. 

Blandford  Parish  Church,  Dorsetshire  (1769).  Of  a  green  siliceous  fine-grained  sand- 
stone, the  dressings  being  of  a  stone  similar  to  the  Portland  oolite ;  the  former  much 
decomposed ;  the  latter  in  very  good  condition.  Town  HaU,  about  80  years  old,  of 
stone  similar  to  the  Portland  oolite,  in  good  condition. 

Brancepeth  Castle,  Durham.  Of  ancient  date,  of  sandstone  of  the  vicinity ;  recently 
restored  extensively ;  older  parts  in  various  states  of  decomposition. 

Briavel's,  St.,  Castle,  Glocestershire.  In  ruins  (13th  or  14th  century).  Entrance  gate- 
way (the  chief  remains  of  the  castle)  built  of  red  sandstone,  decomposed. 

Bristol  Cathedral  (ISth  and  14th  centuries).  Built  of  red  sandstone  and  a  yellow 
limestone  (magnesian  ?)  strangely  intermixed ;  the  red  sandstone  in  all  cases  decom- 
posed, the  limestone  more  rarely  decayed ;  the  tracery,  &c.  of  the  windows,  which  are 
of  the  limestone,  are  in  good  condition  ;  but  the  pinnacles  and  other  dressings,  which 
are  of  the  same  material,  are  much  decomposed.  The  east  end  of  the  cathedral  is  a 
remarkable  instance  of  the  decay  and  preservation  of  the  two  stones  employed.  Nor- 
man gateway,  west  of  the  cathecLral  (the  upper  part  of  the  15th  century) ;  the  Norman 
archway  and  its  enrichments,  which  are  of  a  very  florid  character,  built  of  yellow 
limestone  (magnesian  ?),  in  excellent  condition. 

Byland  Abbey  (1 2th  century).  In  part  of  a  siliceous  grit  (principally  in  the  interior), 
and  in  part  (chiefly  on  the  exterior)  of  a  compact  oolite,  from  the  Wass  quarries  in  tlic 
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▼icinity.  The  west  front,  which  is  of  the  oolite,  is  in  perfect  condition,  even  in  the 
dog's-teeth  and  other  florid  decorations  of  the  doorways,  &c.  This  building  is  covered 
generalfy  with  lichens. 

Caruslb.  Ancient  buildings:  Cathedra]  (13th  century),  of  red  sandstone,  in  various 
states  of  decomposition.  Modern  buildings :  Many  of  red  sandstone,  more  or  less  in 
a  state  of  decomposition. 

Castle  Howaed,  Yorkshire.  Built  generally  of  a  siliceous  iine-grained  sandstone  irom 
the  park ;  generally  in  good  condition,  but  in  some  parts,  such  as  the  parapets,  cu- 
polas, and  chimney  shafts,  much  decomposed.  The  pilasters  of  the  north  front  from 
a  quarry  at  Appleton ;  in  good  condition,  except  where  subjected  to  alternations  of 
wet  and  dry,  as  in  the  plinths,  where  there  are  signs  of  decomposition.  The  stables 
are  of  Appleton  stone,  and  in  good  condition. 

Chatswoeth  House,  Derbyshire.  Original  house  built  of  Bell  Crop  sandstone  from  Bake- 
well  Edge,  not  in  very  good  condition,  particularly  in  the  lower  parts  of  the  building. 
In  the  recent  additions  the  same  stone  is  employed,  together  with  that  of  Bailey 
Moor  and  Lindrop  HilL 

Chepstow  Castle,  Monmouthshire  (11th  and  12th  centuries,  with  additions  of  the  14th 
century).  Of  mountain  limestone  and  old  red  sandstone ;  the  former  in  good  con- 
dition ;  the  latter  decomposed.  Dressings  of  doors,  windows,  archways,  and  quoins 
are  for  the  most  part  of  magnesian  limestone,  in  perfect  condition ;  the  remainder  is 
of  red  sandstone,  and  is  generally  much  decomposed.  Chapel  (of  the  1 2th  century) ; 
mouldings  and  carvings  of  the  windows,  &c.,  which  are  of  magnesian  limestone,  are  in 
perfect  condition. 

CozwoLB  Chuech,  Yorkshire  (15th  century).  Generally  of  fine  siliceous  grit  of  the 
vicinity,  and  in  part  of  a  calcareous  nature.  Tower  in  good  condition ;  porch  decom- 
posed ;  lichens  abundant  on  the  north  side. 

Deebt.  St.  Peter's  Church  (ISth  century),  of  the  vari^^ted  coarse  sandstone  of  the 
vicinity,  similar  to  that  of  Little  Eaton.  The  whole  in  bad  condition  ;  but  the  red 
stones  less  so  than  the  grey  or  white.  St.  Almund's  Church  (of  the  14th  century), 
of  a  coarse  sandstone  of  the  vicinity,  in  a  very  decomposed  state,  to  the  obliteration 
of  the  mouldings  and  other  details ;  it  has  lately  been  scraped  and  painted,  to  pre- 
serve it  from  further  destruction.  All  Saints  Church  (tower  of  the  15th  century), 
of  sandstone,  similar  to  that  of  Dufficld  Bank,  partly  in  fair  condition,  and  partly 
much  decomposed,  particularly  the  great  western  entrance.  The  body  of  the 
church,  built  11 0  years  since,  of  sandstone,  in  part  decomposing.  Modem  buildings : 
Town  Hall,  of  sandstone  from  Morley  Moor,  built  a  few  years  since,  in  very  good 
condition. 

Durham  Cathedral  (11th  and  12th  centuries).  Of  a  sandstone  of  the  vieinity,  elected 
indiscriminately,  and  in  all  stages  of  decomposition ;  few  stones  are  quite  perfect. 
Castle  (of  the  1 1th  eentury).     Of  sinular  stone,  and  in  a  similar  state. 

Easbt  Abbey,  Yorkshire  (1  Sth  and  1 4th  centuries).  Of  sandstone  of  the  vicinity  ;  mould- 
ings and  carvings  decomposed  and  in  part  obliterated.  Walls  built  very  rudely,  and 
in  various  states  of  decomposition ;  some  parts,  however,  maintain  tiieir  original 
surface. 

EU:cLE8TON  Abbet,  Yorkshire  (ISth  eentury).  Of  stone  similar  to  that  of  the  Stenton 
quarry.  The  mouldings  and  other  decorations^  such  even  as  the  dogVteeth  enrich- 
ments, are  in  perfect  condition. 

E-/1MBUROH.  Ancient  buildings :  Holyrood  Chapel  (1 2th  century),  of  sandstone  from 
the  vieinity,  in  part  much  decomposed ;  in  other  parts,  such  as  the  west  door,  almost 
perfect  llie  palace  (built  in  the  16th  and  1 7th  centuries)  of  similar  stone,  generally 
in  good  condition,  the  older  parts  being  slightly  decomposed.  The  oldest  part  of  the 
Tron  Church  (1641),  of  sandstone,  much  decomposed.  A  house  on  the  Castle  Hill 
(1591),  of  sandstone,  only  slightly  decomposed. 
Modern  buildings,  wholly  erected  of  sandstones  from  the  Cragleith,  Red  Hall,  Humbie, 
and  Binnie  quarries,  for  the  most  from  the  first-mentioned  quarry.  Non^ 
of  them  exhibit  any  appearance  of  decomposition,  with  the  exception  of  ferruginous 
stains,  which  are  produced  upon  some  stones.  Among  the  oldest  is  the  Registry 
Office,  which  is  of  Cragleith  stone,  and  built  above  sixty  years  since ;  it  is  in  a  perfect 
state. 

Fouktain's  Abbet,  Yorkshire  (11th  and  12th  centuries,  with  additions  of  the  16th 
century).  Of  coarse  sandstone  of  the  vicinity,  generally  in  bad  condition,  particularly 
the  west  front,  which  is  much  decomposed.  The  nave  and  transept,  whieh  are  the 
earliest  portions  of  the  building,  are  the  best  preserved. 

Foumtain's  Hall,  Yorkshire  (1677).  Of  sandstone  of  the  vicinity,  and  magnesian  lime- 
stone in  the  dressings.     "Die  whole  in  fisdr.  condition. 

Forest  op  Deah,  Gloucestershire.  Park  End  new  church,  built  fifteen  years  since,  of 
sandstone,  similar  to  that  of  Colford.     No  appearance  of  decomposition. 

Hh  4 
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Guksoow.  Ancient  buUdings:  High  Church  (12th  century),  sandstone  of  the  ▼icinity, 
generally  very  much  decompoeed,  particularly  on  the  south  nde  Old  quadrangle  of 
the  College  (James  II.),  of  sandstone,  decomposed. 
Modem  buildings;  Hunterian  Museum  (1804);  superstructure  said  to  be  of  stone  from 
the  President  quarry ;  slight  traces  of  decomposition  on  the  south-west  front.  The 
basement  of  another  sandstone,  in  a  more  advanced  state  of  decomposition ;  other 
parts  of  the  building  are  in  an  almost  perfect  state.  The  oUier  builctings  are  gene- 
rally erected  of  stone  from  the  Gifineuch  and  other  quarries  in  the  immediate  neigh- 
bourhood, except  the  new  Exchange  buildings,  which  are  of  stone  from  the  Humble 
quarry,  thirty  miles  from  Glasgow,  recently  erected,  in  which  there  are  not  any  ap- 
parent symptonut  of  decomposition. 

Gloucestkb  Cathsbral  (Norman  for  the  greater  part,  altered  and  cased  in  the  15th 
century),  built  of  a  fine- grained  and  ill- cemented  oolite,  a  shelly  oolite,  and  a  red 
sandstone  (north  side)  intermixed,  of  which  the  former  constitutes  the  greater  por- 
tion. The  tower  (15th  century),  of  shelly  oolite,  in  perfect  condition.  The  early 
turrets  of  the  south  transepts  are  also  in  good  condition.  The  body  of  the  building 
is  much  decomposed.  The  great  cloister  is  built  of  the  same  materials  as  the  cathe- 
dral. The  moulded  and  decorated  work  is  in  good  condition,  the  other  parts  are 
more  or  less  decomposed.  The  small  cloister  is  built  of  a  fine  oolite  with  a  compact 
cement,  and  is  in  good  condition.  Ths  New  Bridge,  of  Whitchurch  sandstone, 
parapets  of  Ruordean  fine-grained  sandstone,  in  good  condition. 

Haddon  Hall,  Derbyshire  (15th  and  16th  centuries).  Of  a  fine-grained  sandstone, 
similar  to  that  of  Lindrop  HilL  The  dressings,  parapets,  chimney  shafts,  quoins,  &c. 
are  wrought  and  rubbed ;  the  remainder  of  the  walls  is  of  rough  walling.  The  whole 
in  fair  condition. 

Harrowoatx.  Cheltenham  Pump  Room,  of  sandstone  from  Woodhouse,  near  Leeds. 
Built  recently.  In  good  condition.  Swan  Hotel  and  other  modem  buildings,  of  a 
coarse  sandstone  of  the  vicinity ;  generally  in  good  condition. 

Hardwickb  Hall,  Derbyshire.  (1597).  Of  a  fine-grained  sandstone,  chiefly  from  a 
quarry  in  the  hill  on  which  the  house  is  built,  intermixed  with  a  calciferous  grit, 
similar  to  that  of  Mansfield ;  generally  in  good  condition.  The  ashler  is  in  parts 
decomposed,  especially  where  it  is  set  on  edge. 

HowuKN  Church,  Yorkshire  (15th  century);  partly  of  magnenan  limestone,  of  a  deep 
yellow  colour,  and  partly  of  a  coarse  siliceous  grit,  of  a  ferruginous  colour.  Dress- 
ings and  enrichments  and  the  central  tower  are  of  the  former  stone ;  generally  de- 
composed, particularly  at  the  top  of  the  tower.  The  other  parts  of  the  building, 
which  are  of  the  grit,  are  very  much  decomposed. 

KiRKSTALL  Abbkt,  Yorkshire  (IJth  century).  Of  coarse  sandstone  of  the  vicinity,  in 
various  stages  of  decomposition  according  to  the  aspect  The  east  side  u  in  fair  con- 
dition ;  some  of  the  zig-zag  enrichments  and  early  capitals  and  other  enrichments  of 
mouldings  are  in  perfect  condition.  The  windows  of  the  chancel  and  tower  (inserted 
in  the  1 6th  century)  of  a  yellow  sandstone,  are  for  the  most  part  gone,  and  what  re- 
mains is  much  decomposed. 

Mansfeld  Town  Hall,  Nottinghamshire.  Built  three  years  since,  of  magnesio-calciferous 
sandstone  from  Mansfield :  no  appearance  of  decomposition. 

Newcastle-ufon-Ttke.  Ancient  buildings:  St.  Nicholas*  Church  (14th  century),  cvf 
sandstone  of  the  vicinity,  similar  to  that  of  the  Heddon  Quarry,  very  much  decom- 
posed. Parts  restored  within  the  last  century,  wiih  the  same  stone,  now  decomposing. 
The  upper  part  of  the  tower  and  spire  restored  within  the  last  five  years,  and  painted 
to  preserve  the  stone  from  decay.  Other  ancient  buildings,  of  the  same  stone,  more  or 
less  in  a  state  of  decomposition,  according  to  the  date  of  their  erection. 
Modern  buildings,  built  within  the  last  25  years,  of  sandstone  from  the  Felling  and 
Church  quarries  at  Gateshead  and  the  Kenton  quarry  :  parts  already  show  symptoms 
of  decomposition. 

PoNTXFRACT  Castle,  Yorkshire  (14th  century).  Built  generally  of  a  coarse  grit,  of  a  dark 
brown  colour,  occasionally  mixed  with  an  inferior  magnesian  limestone.  The  whole 
in  a  very  deoomposed  state,  more  particularly  the  sandstone,  in  which  all  traces  of  the 
original  surface  are  effaced.  Fragments  of  magnesian  limestone  are  embedded  in 
several  parts  of  the  walls,  with  mouldings  of  the  12th  century,  in  perfect  con- 
dition. 

Rabt  Castle,  Durham  (14th  century).  Of  sandstone  of  the  vicinity  :  parts  in  a  perfect 
state,  others  slightly  decomposed. 

Richmond  Castle,  Yorkshire  (11th  century).  The  keep,  of  sandstone,  similar  to  that  of 
Gatherly  Moor,  generally  in  good  condition ;  mouldings  and  carvings  in  columns  of 
window  in  a  perfect  state. 

RiFOH,  Yorkshire.  An  obelisk  in  the  nuirket-place  (1781),  of  coarse  sandstone,  much  de- 
composed in  lamin;itioiis  parallel  to  the  exposed  faces. 
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RiTON  Cathkokal.  Lower  part,  east  end,  and  south-east  angle  (Nornian)i  of  coarse  sand- 
stone of  the  vicinity,  in  good  condition.  The  west  front,  the  transepts,  and  tower  (of 
the  12th  and  ISth  centuries),  of  the  coarse  sandstone  of  the  ricinity,  in  fiur  condition. 
The  mouldings,  although  generally  decomposed,  are  not  eflbeed.  The  dog's-teeth 
ornaments  in  most  parts  nearly  perfect  The  aisles  of  the  naves,  the  clerestory,  and 
the  choir  (of  the  14th  and  15th  centuries),  of  coarse  sandstone  and  magnesian  lime- 
stone intermixed,  not  in  good  condition ;  the  latter  stone,  on  the  south  side,  often  in 
fair  condition.  The  lower  parts  of  the  building  generally,  but  particularly  the  west 
fronts,  which  are  of  coarse  sandstone,  are  very  much  decompoeed. 

RivAULx  Abbet,  Yorkshire  (12th  century*).  Of  a  sandstone  at  Hollands,  one  mile  from 
the  ruins ;  generally  in  excellent  concution.  West  front  slightly  decomposed ;  south 
front  remarkably  perfect,  even  to  the  preservation  of  the  original  toolmarks. 

SHAFTKSBuaT,  Dorsetshire.  St.  Peter's  Church  (15th  century).  Of  a  green  siliceous 
sandstone,  from  quarries  half  a  mile  south  of  the  church.  The  whole  building  much 
decomposed.  The  tower  is  bound  together  by  iron,  and  is  unsafe,  owing  to  the  inferior 
quality  of  the  stone. 

SrorroRTu  Castlx,  Yorkshire  (14th  century).  Of  coarse  red  sandstone;  more  or  less, 
but  generally  much,  decomposed.  The  dressings  of  the  windows  and  doors,  of  a  semi- 
crystalline  magnesian  limestone,  are  in  perfiect  state,  the  mouldings  and  enrichments 
being  exquisitely  sharp  and  beautifuL 

TiNTKEM  Abbkt  (13th  ocutury).  Cbnsiderable  remains  of  red  and  grey  sandstones  of  the 
vicinity,  in  part  laminated.  In  unequal  conditicm,  but  for  the  most  part  in  perfect 
condition  ;  covered  with  grey  and  green  lichens. 

TisBURY  Church  (ISth  and  14th  centuries;  the  lower  part  of  the  tower  of  the  ISth 
century).  Of  calciferous  limestone  from  Tisbury.  The  dressings  are  composed  of 
stone  throughout,  in  perfect  condition.  The  ashlar  variable ;  in  part  much  decom- 
posed; the  undecomposed  portions  are  covered  with  lichens.  Tombstones  in  the 
churchyard  generally  in  good  condition,  some  being  more  than  a  century  old.  The 
houses  of  the  village  built  generally  of  the  Tisbury  stone,  and  are  in  very  good  con- 
dition.    The  whole  covered  with  lichens. 

WAKxrisLD  Parish  Church,  Yorkshire  (tower  and  spire  of  the  16th  century).  Of  sand- 
stone, much  decomposed.  The  body  of  the  church,  of  recent  date,  of  sandstone, 
strongly  laminated,  and  generally  decomposed  between  the  laminae. 

Whitbt  Abbkt  (13th  century).   Of  stone  siinilar  to  that  of  Aislaby  Brow,  in  the  vicinity  ; 

generally  in  good  condition,  with  the  exception  of  the  west  front,  which  is  very  much 
ecomposed.  The  stone  used  is  of  two  colours,  brown  and  white ;  the  former,  in  all 
cases,  more  decomposed  than  the  latter.  The  dog's-teeth  and  other  enrichments  in  the 
east  front  are  in  good  condition. 

LIMXSTOKX   buildings. 

Bath.  Abbey  church  (1576),  built  of  an  oolite  in  the  vicinity.  The  tower  is  in  fiur  con- 
dition. The  body  of  the  church,  in  the  upper  part  of  the  south  and  west  sides,  much 
decomposed.  The  lower  parts,  formerly  in  contact  with  buildings,  are  in  a  more 
perfect  state ;  the  reliefr  in  the  west  front  of  Jacob's  ladder  are  in  parts  nearly  effaced. 
Queen's  Square,  north  side,  and  the  obelisk  in  the  centre,  built  above  100  years 
since,  of  an  oolite  with  shells,  in  fiur  condition.  Circus  (built  about  1 750),  of  an 
oolite  in  the  vicinity,  generally  in  fair  condition,  except  those  portions  which  have  a 
west  and  southern  aspect,  where  the  most  exposed  parts  are  decomposed.  Crescent 
(built  above  50  years  since),  of  an  oolite  of  the  vicinity,  generally  in  fiiir  condition, 
except  in  a  few  places,  where  the  stone  spears  to  be  of  inferior  quality. 

Bristol  Cathedral  (of  the  13th  and  14th  centuries).  Built  of  red  sandstone  and  appa- 
rently a  yellow  limestone  (magnesian  ?)  strangely  intermixed.  .The  red  sandstone  in 
all  cases  decomposed ;  the  limestone  more  rarely  decayed.  The  tracery,  &c.  of  the 
windows,  which  are  of  the  limestone,  are  in  good  condition,  but  the  pinnacles  and 
dressings  of  the  same  material  much  decomposed.  The  east  end  of  the  cathedral  is  a 
remarkable  instance  of  the  decay  and  preservation  of  the  two  stones  employed.  Nor- 
man gateway,  west  of  the  cathedral  (the  upper  part  of  the  15th  century),  the  Norman 
archway  and  its  enrichments,  which  are  of  a  very  florid  character,  built  of  yellow 
limestone  (magnesian  ?),  in  excellent  condition. 

i  St.  Mart  Rxdclipfk  (tower  of  the  12th  century ;  body  of  the  church  of  the  15th 

century).     Of  oolitic  limestone,  from  Dundry ;  very  much  decomposed. 

Burleigh  House  (15th  century).  Of  a  shelly  oolite  (Bamack  rag),  in  excellent  condi- 
tion throughout.     The  late  additions  are  of  Ketton  stone. 

Btland  Abbet,  Yorkshire  (ISth  century).  In  part  of  a  siliceous  grit  (principally  in  the 
interior),  and  in  part  (chiefly  on  the  exterior)  of  a  compact  oolite,  from  the  Wass 
quarries  in  the  vicinity.     The  west  front,  which  is  of  the  oolite,  is  in  perfect  condition. 
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even  in  the  dogVteeth  and  other  florid  decorations  of  the  doorways,  &c.     Hiis  build- 
ing is  generally  covered  with  lichens. 

CoLLBT  WcsTON  Church,  Northamptonshire  (14th  century).  Of  a  shelly  oolite  (Bamack 
rag),  in  perfect  condition  throughout. 

DoRCBKSTSa.  St.  Peter's  Church  (15th  century).  Of  laminated  oolite,  somewhat  similar 
to  that  of  Portland,  and  of  a  shelly  limestone,  somewhat  resembling  that  of  Hamhill. 
The  latter  used  in  pinnacles,  parapets,  and  dressings.  The  whole  in  a  decomposed 
state. 

GLASToHBCaT  —  Abbey.  Joseph  of  Arimathea's  Chapel.  Considerable  ruins ;  Norman, 
of  shelly  limestone,  similar  to  that  of  Doulting ;  generally  in  good  condition ;  the 
zig-zag  and  other  enrichments  perfect ;  the  capitals  of  the  colunms,  corbels,  &;c.  are  of 
blue  lias,  much  decomposed,  and  in  some  cases  have  disappeared.  The  Church,  Con- 
nderable  remains  of  the  choir,  and  a  small  portion  of  the  nave  (11th  century),  of 
shelly  limestone,  similar  to  that  of  Doulting,  in  good  condition.  ^.  Benedicft  Parish 
Church  (14th  century).  Of  limestone,  similar  to  that  of  Doulting,  in  good  condition. 
St.  John  the  BapHsfs  Parish  Church  (1 5th  century).  Of  stone  similar  to  that  of 
Doulting,  generally  in  fSur  condition. 

Glockstsr — Cathedral,  (Norman  for  the  greater  part,  altered  and  cased  in  the  15th 
century).  Built  of  a  fine-grained  and  lU-cemented  oolite,  a  shelly  oolite,  and  a  red 
sandstone  (north  side)  intermixed,  the  former  constituting  the  greatest  portion  of  the 
edifice.  The  tower  (15th  century),  of  shellv  oolite,  in  perfect  condition,  llie  early 
turrets  of  the  south  transept  are  also  in  good  condition.  The  body  of  the  building  is 
much  decomposed.  The  great  cloister  is  built  of  the  same  materials  as  the  cathedbral. 
The  moulded  and  decorated  work  is  in  good  condition  ;  the  other  parts  are  more  or 
less  decomposed.  The  great  cloister  is  built  of  a  fine  oolite,  with  a  compact  cement, 
and  is  in  good  condition.  St.  Nieholas*a  Church  (body  Norman;  tower  and  spire, 
15th  century),  of  a  shelly  and  inferior  kind  of  oolite  intermixed,  and  in  unequal  con- 
dition. St.  Michad^s  Church  (15th  century),  built  of  same  stone  as  that  of  St. 
Nicholas,  and  in  the  same  condition. 

Grantham  Church  (13th  century).  Lofty  tower  and  spire  at  the  west  end.  Built  of  an 
oolite,  similar  to  that  of  Ancaster,  in  good  condition,  more  especially  the  tower,  except 
as  to  some  portions  of  the  base  mouldings. 

Kbtton  Church,  Rutlandshire.  (West  entrance  door,  Norman  ;  tower  of  the  12thor  ISth 
century ;  nave,  aisles,  and  chancel  of  the  14th  century).  Of  a  shelly  oolite  (Bamack 
rag),  in  good  condition.  Dog's-teeth,  carved  corbels,  and  other  enrichments  in  a 
perfect  state. 

Krttxrino  Church  (14th  and  15th  centuries).  Of  a  shelly  oolite,  fine-grained,  the  greater 
portion  resembling  Bamack  rag.  'ilie  tower  and  spire  in  perfect  condition.  The 
body  of  the  church  in  parts  slightly  decomposed. 

KiRKHAM  Priort,  Yorkshire  (13th  century).  Inconsiderable  remains.  The  western 
front  and  great  entrance  slightly  decomposed  throughout ;  the  portions  which  remain 
of  the  body  of  the  church  very  perfect,  but  many  of  the  stones  are  much  decomposed. 
The  stone  is  very  similar  to  that  of  the  Hildenly  quarry.  The  whole  is  covered  with 
lichens. 

LiKcoLK  Cathxdral  (the  minster  generally  of  the  12th  and  ISth  centuries).  Of  oolitic 
and  calcareous  stone  of  the  vicinity ;  generally  in  fair  condition,  more  especially  the 
early  portions  of  the  west  fVont.  llie  ashler  and  plain  dressings  of  the  south  firont 
are,  however,  much  decomposed.  The  mouldings  and  carvings  of  the  east  front  are 
in  a  perfect  sUte.  Roman  Gate,  of  a  ferruginous  oolite,  in  fair  condition.  The  Castle 
Gateway  (ISth  century),  of  an  oolitic  limestone ;  ashler  much  decomposed,  dressings 
perfect. 

Mklton  Old  Church,  Yorkshire  (12th  century).  Light  semi-compact  limestone,  similar 
to  that  of  the  Hildenly  quarry ;  generally  in  good  condition,  particularly  the  great 
west  door  (of  the  1 1  th  century),  where  the  zig-zag  and  other  enrichments  are  perfect 
Some  stones  are  much  decomposed. 

MoNTACUTs,  Somersetshire —  Parish  Church  (15th  century).  Of  Hamhill  stone,  in  perfect 
condition,  covered  with  lichens.  The  Abbey  (15th  century).  Supposed  abbot's 
house  and  gateway,  of  Hamhill  stone,  in  good  condition.  Montacute  House  (17th 
century),  of  Hamhill  stone,  in  excellent  condition. 

Mastock  Church,  Somersetshire  (15th  century).  Of  a  shelly  ferruginous  brown  lime- 
stone from  Hamhill,  in  good  condition,  except  the  plinth  and  base  mouldings,  which 
are  much  decomposed.     Covered  with  lichens. 

Newark  Church  (15th  century;  the  tower,  in  part,  of  the  12th  century).  Of  an  oolite, 
similar  to  that  of  Ancaster ;  generally  in  fair  condition,  with  the  exception  of  parts  of 
the  base  mouldings.  The  building  is  covered  with  a  grey  lichen.  2%«  Castle  (Nor- 
man, with  additions  in  the  15th  century).  Chiefly  of  sandstone  of  the  vicinity;  in 
unequal  condition.     A  large  portion  of  the  dressings  of  the  windows,  &c.  are  of  oolite, 
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probably  firom  Ancwter.  Tnm  HaU  (50  or  60  years  old).  Built  of  the  Ancoster 
oolite  ;  in  good  condition ;  in  some  blocks,  however,  there  is  on  appearance  of  lami- 
nation, where  decomposition  has  to  a  slight  extent  tsJcen  plooe. 

OxroED  CATHsnoAL,  Norman  (12th  century).  Chiefly  of  a  dielly  oolite,  similar  to  that 
of  Taynton;  Norman  work  in  good  condition,  the  latter  work  much  decomposed. 
Merttm  CoUege  Chapd  (13th  century).  Of  a  shelly  oolite,  resembling  Taynton  stone; 
in  good  condition  generally.  New  College  Cloiatere  (14th  century).  Of  a  shelly 
oolite  (Taynton),  in  good  condition.  The  whole  of  the  colleges,  churches,  and  other 
public  buildings  of  Oxford,  erected  within  the  last  three  centuries,  are  of  oolitic  lime- 
stone from  Heddington,  about  one  mile  and  a  half  from  the  university,  and  ore  all, 
more  or  less,  in  a  deplorable  state  of  decomposition.  The  plinth,  string-courses,  and 
such  portions  of  the  buildings  as  are  much  exposed  to  the  action  of  the  atmosphere, 
are  mostly  of  a  shelly  oolite  from  Taynton,  fifteen  miles  from  the  university,  and  are 
universally  in  good  condition. 

Paul's,  St.,  Cathzdaal,  Lovdok  (finished  about  1700).  Built  of  Portland  oolite,  firom  the 
Grove  quarries  on  the  east  cliffl  The  building  generally  in  good  condition,  especially 
the  north  and  east  fronts.  The  carvings  of  flowers,  fruit,  and  other  ornaments  are 
throughout  nearly  as  perfiict  as  when  first  executed,  although  much  blackened ;  on 
the  south  and  west  fronts,  larger  portions  of  the  stone  may  be  observed  of  their  natural 
colour  than  on  the  north  and  east  fironts,  occasioned  by  a  very  slight  decomposition  of 
the  surfiice.  The  stone  in  the  drum  of  the  dome,  and  in  the  cupola  above  it,  appears 
not  to  have  been  so  well  selected  as  the  rest ;  nevertheless  scarcely  any  appreciable 
decay  has  taken  place  in  those  parts. 

PicKXEiMG  Cbuecu,  Yorkshire  (IStb  and  14tb  centuries).  Oolite  rock  of  the  neighbour- 
hood; very  much  decomposed;  the  windows,  muUions,  and  buttress  angles  obli- 
terated. 

PicKSEivo  Casilk  (14th  century).  The  walls  of  the  oolite  of  the  neighbourhood,  and  the 
quoins  of  a  siliceous  grit.     The  whole  in  fiur  condition. 

Portland,  Dorsetshire — New  Church  (built  1766),  of  Portland  oolite,  fine  roach;  in  a 
perfect  state,  still  exhibiting  the  original  tool  marks.  Wakeham  Village,  Tudor 
House,  of  Portland  oolite,  in  excellent  condition.  Old  Church,  in  ruins,  near  Bow 
and  Arrow  Castle  (15th  century),  of  Portland  oolite,  resembling  top  bed ;  in  very 
good  condition ;  original  chisel  marks  still  appear  on  the  north  firont.  Bow  and  Arrow 
CadU.  Considerable  remains  of  the  keep,  many  centuries  old,  of  Portland  oolite ;  the 
ashlar  resembles  the  top  bed,  and  is  in  perfect  condition ;  the  quoins  and  corbels  of 
the  machicolated  parapet  appear  to  be  of  the  cap  bed  of  Portland  oolite,  and  are  in 
good  condition. 

Sausbu&t  Catuxdral  (ISth  century).  Of  siliciferous  limestone  from  Chillmark 
quarry.  The  entire  buildinc  is  in  excellent  condition,  except  the  west  front, 
which  in  ports  is  slightly  decomposed.  The  building  generally  covered  with 
lichens. 

Sahdtsfoot  Castlx,  near  Weymouth  (temp.  Hen.  VIII.).  Considerable  remains  of  keep, 
chiefly  of  Portland  oolite,  partly  of  the  top  bed  and  partly  of  the  fine  roach;  generally 
in  excellent  condition,  with  the  exception  of  a  few  and  apparently  inferior  stones.  The 
inside  ashlar  of  the  walls  is  of  large-grained  oolite,  apparently  from  the  immediate 
vicinity  of  the  castle,  much  decomposed. 

SoMBRTON  Church,  Somersetshire  (14th  century).  Built  chiefly  of  blue  lias;  the  quoins, 
buttresses,  parapets,  and  other  dressings  of  a  coarse  ferruginous  shelly  limestone,  in 
various  stages  of  decay.  The  parapet  of  the  clerestory  of  a  lighter-coloured  stone,  in 
good  condition. 

Stamitord — St  Mary's  Church  (13th  century).  Of  a  shelly  oolite  (Bamack  rag),  in 
fisur  condition.  SL  JohtCe  Church  (14th  century).  Of  similar  stone,  ill  selected,  and 
consequently  decomposed  in  parts  and  in  laminations,  according  to  the  direction  of 
the  beds  of  shells.  St.  McartiiCs  Church  (14th  century).  Of  similar  stone,  in  good 
condition.  All  Saints  (lower  part  of  the  body  of  the  church  13th  century  ;  the  re- 
mainder 15th  century).  Tower  and  spire  in  fine  condition ;  body  of  the  church  de- 
composed. StandweWe  Hotel,  built  twenty-four  years  since  of  an  oolite  similar  to 
that  of  Ketton ;  in  periect  condition.  St  MiehaeTe  New  Church,  Built  four  years 
since  ;  no  appearance  of  decomposition. 

Wblls,  Thk  Cathxdral.  West  front  (13th  century),  upper  part  of  tower  (14th  century), 
of  shelly  limestone,  similar  to  that  of  Doulting,  generally  decomposed,  but  not  to  any 
great  extent.  North  flank  (porch  and  transept  13tli  century,  the  remainder  of  the 
14th  century),  of  similar  stone,  in  good  condition,  except  lower  part  of  flank  and  west 
tower.  The  central  tower  (of  the  1 4th  centiiry)  in  very  good  condition.  South  side 
of  the  cathedral  generally  in  good  condition.  Chapter  House  (13th  century,  with 
additions  of  the  15th  century).  The  whole  in  good  condition  excepting  the  west 
fit>nt  of  the  gateway,  which  is  decomposed.     Close  gates  (15th  century)  much  de- 
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composed,  but  especially  on  the  south  and  south-west     The  cloisters  (15th  century) 
generally  decomposed,  particularly  the  mullions  and  trao^^. 

WsBTMiNSTxa  AfiBCT  (ISth  century).  Built  of  several  varieties  of  stone,  similar  to  that  of 
Gatton  or  Ryegate,  which  is  much  decomposed,  and  also  of  Caen  stone,  which  is 
generally  in  bad  condition ;  a  considerable  portion  of  the  exterior,  especiaJly  on  the 
north  side,  has  bed  restored  at  various  periods,  nevertheless  abundant  symptoms 
of  decay  are  apparent.  The  cloisters,  built  o€  several  kinds  of  stone,  are  in  a  very 
mouldering  condition,  except  where  they  have  been  recently  restored  with  Bath 
and  Portland  stones.  The  west  towers,  erected  in  the  b^^ning  of  the  18th  century 
with  a  shelly  variety  of  Portland  oolite,  exhibit  scarcely  any  appearance  of  decay. 
Henry  the  Seventh's  Chapel,  restored  about  twenty  years  since  with  Combe  Down 
Bathstone,  is  already  in  a  state  of  decomposition. 

WiNDKUSH  Church  (15th  century).  Of  an  oolite  from  the  immediate  vicinity ;  in  ex- 
cellent condition.  A  Norman  door  on  the  north  side,  enriched  with  the  bird's-beak 
and  other  characteristic  ornaments,  is  in  perfect  condition.  Tombstones  in  the 
churchyard,  very  highly  enriched  and  bearing  the  dates  c^  1681,  1690,  apparently  of 
Windrush  stone,  are  in  perfect  condition. 

Wykk  CnuacH,  Dorsetshire  (15th  century).  Of  oolite,  similar  to  Portland,  the  whole  in 
good  condition,  except  the  mullions,  tracery,  and  dressings  of  doors  and  windows, 
which  are  constructed  of  a  soft  materia],  and  are  all  decomposed.  On  the  south  side, 
the  ashler  is  in  part  covered  with  rough-cast.  The  entire  building  is  thickly  covered 
with  lichens. 

MAOXXSIAN   LIMXSTOMB   BUILDXMOS. 

Bevxelky,  Yorkshire.  The  minster  (12th,  13th,  and  Mth  centuries),  of  magnesian  lime- 
stone firom  Bramham  Moor,  and  an  oolite  from  Newbold ;  the  former,  which  is  used 
in  the  west  tower,  central  tower,  and  more  ancient  parts  of  the  minster,  generally  in 
good  condition ;  but  in  other  parts  of  the  building  the  same  material  is  decomposed. 
The  Newbold  stone,  chiefly  employed  on  the  east  side,  is  altogether  in  a  bad  condition. 
Some  of  the  pinnacles  are  of  Oulton  sandstone,  and  are  in  bad  condition.  The  build- 
ing is  partly  covered  with  lichens.  St.  Mary'a  Church  (14th  century),  now  in  course 
of  restoration,  of  magnesian  limestone  and  oolite,  supposed  to  be  from  Bramham  Moor 
and  Newbold,  respectively.  The  ancient  parts  are  m  a  very  crumbling  state,  even  to 
the  obliteration  of  many  of  the  mouldings  and  enrichments. 

BoLSOvxa  Castls,  Derbyshire  (1629).  Mostly  in  ruins;  of  magneuan  limestone  of 
several  varieties,  and  of  a  calcareous  fine-grained  sandstone.  The  dressingSy  which 
are  generally  of  sandstone,  are  much  decomposed,  in  some  instances  to  the  entire  ob> 
literation  of  the  mouldings  and  other  decorations,  and  to  the  destruction  of  the  form  of 
the  columns,  rustications,  &c.  Most  of  the  string  courses,  a  portion  of  the  window 
dressings,  and  the  ashler,  which  are  of  magnesian  limestone,  are  generally  in  excellent 
condition. 

BoLsovxa  Church,  Derbyshire  (1 5th  century).  Of  a  magnesio-calciferous  sandstone,  more 
or  less  in  a  decomposed  state  throughout. 

CuspsTow  Castlk,  Monmouthshire  (11th  and  ISth  centuries,  with  additions  of  the  Mth 
century).  Of  mountain  limestone  and  old  red  sandstone  ;  the  former  in  good  con- 
dition, the  latter  decomposed.  Dressings  of  door,  window,  archway,  and  quoins  are  for 
the  most  part  of  magnesian  limestone,  and  in  perfect  condition.  The  remainder  is  of 
red  sandstone,  and  is  generally  much  decomposed.  Chapel  (of  the  12th  century), 
mouldings  and  carvings  of  windows,  &c.,  which  are  of  magnesian  limestone,  in  perfect 
condition 

DoNCASTBR  (Old)  Church  (15th  century).  Of  an  inferior  magnesian  limestone,  generally 
much  decomposed,  more  especially  in  the  tower,  and  on  the  south  and  west  sides ;  now 
under  general  and  extensive  repair. 

Hxmikgborouoh  Church,  Yorkshire  (15th  century).  Of  a  white  crystalline  magnesian 
limestone.  The  entire  buil(Ung  is  in  a  perfect  state,  even  the  spire,  where  no  traces  of 
decay  are  apparent. 

HowDEN  Church,  Yorkshire  (15th  century).  Partly  of  magnesian  limestone  of  a  deep 
yellow  colour,  and  partly  of  a  coarse  siliceous  grit  of  a  ferruginous  colour.  Dressings 
and  enrichments,  and  the  central  tower,  are  of  the  former  stone,  generally  decomposed, 
particularly  at  the  top  of  the  tower.  The  other  parts  of  the  edifice,  built  of  the  grit, 
are  very  much  decomposed. 

HuDDLKSTOMx  Hall,  Yorkshire  (1 5th  century).  Of  semi-crystalline  magnenan  limestone 
from  the  neighbouring  quarry.  In  excellent  condition,  even  to  the  entire  preservation 
of  the  mouldings  of  the  chapel  window  in  the  south-west  front.  The  outer  gate  piers 
in  the  fence  wall,  also  of  magnesian  limestone,  very  much  decomposed. 

Knaresborouou  Casti.e,  Yorkshire  (12th  century).    Magnesian  limestone,  carious  in  part ; 
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generally  in  very  good  condition,  except  on  the  south  and  soutb-west  portions  of  the 
circular  turreta,  where  the  surfiuse  is  much  decomposed.  The  mouldings  generally  are 
in  a  perfect  state.  The  joints  of  the  masonry,  which  is  executed  with  the  greatest 
care,  are  remarkably  close.  The  stone  of  the  keep,  which  is  of  a  deep  brown  colour, 
and  much  resembles  sandstone,  is  in  good  condition,  especially  on  the  south-west 
side. 

KoNiKOSBoaoDOH  Castlb,  Yorkahire  (Norman).  Coarse-grained  and  semi-crystalline  mag- 
nesian  limestone,  from  the  hill  eastward  of  the  castle;  in  perfect  condition.  The 
masonry  is  executed  with  great  care,  the  joints  yery  dose,  but  the  mortar  within  them 
has  disappeared. 

RiroK  Cathsdral.  Lower  part,  east  end,  south-east  angle  (Norman),  of  coarse  sandstone 
from  the  vicinity,  in  good  condition.  The  west  front,  the  transepts,  and  tower  (of  the 
1 52th  and  1  Sth  centuries),  of  coarse  sandstone  of  the  vicinity,  in  &ir  condition.  The 
mouldings,  although  generally  decomposed,  are  not  effaced.  The  dog's-teeth  orna- 
ment in  most  parts  nearly  perfect.  The  aisles  of  the  nave,  the  clerestory,  and  the 
choir  (of  the  14th  and  15th  centuries),  of  coarse  sandstone  and  magnesian  limestone 
intermixed,  not  in  good  condition.  Tlie  latter  stone,  on  the  south  side,  often  in  fidr 
condition.  The  lower  parts  of  the  building  generally,  particularly  the  west  fronts, 
which  are  of  coarse  sandstone,  are  much  decomposed.  An  obelisk,  in  the  market- 
place (1781),  of  coarse  sandstone,  is  much  decomposed,  and  in  laminations  parallel  to 
the  exposed  faces. 

Rosin  Hood's  Wxli.,  Yorkshire  (1 740).  A  rusticated  building,  of  magnesian  limestone, 
in  perfect  condition. 

RocHK  Abbey,  Yorkshire  (1 2th  century).  Inconsiderable  remains,  of  semi-crystalline  mag- 
nesian limestone  from  the  neighbouring  quarry,  generally  in  fidr  condition,  llie 
mouldings  and  decorated  portions  are  perfect.  Gate>house  (18th  century)  generaUy 
decomposed,  with  the  exception  of  the  dressings  and  mouldings,  which  are 
perfect. 

Sblbt  Chukch,  Yorkshire  (nave  and  lower  part  of  the  tower  of  the  1 1th  century  ;  the  west 
front  and  aisles  of  the  12th  century ;  and  the  choir  with  its  aisles  of  the  14th  century'). 
The  Norman  portion  of  the  building,  which  is  of  grey  magnesian  limestone,  is  m 
excellent  condition,  particularly  the  lower  part  The  early  English  portions  of  the 
building  are  also  of  magnesian  limestone,  and  in  a  partially  decomposed  state.  The 
later  portions  of  the  building,  which  also  are  of  magnesian  limestone,  are  much  decom- 
posed and  blackened. 

SoDTHWKLL  Chukch,  Notts  (of  the  10th  century).  Of  magnesian  limestone,  similar  to 
that  of  Bolsover  Moor,  in  perfect  condition.  The  mouldings  and  enrichments  of  the 
doorway  appear  as  perfect  as  if  just  completed.  The  choir,  which  is  of  the  1 2th  cen- 
tury, and  built  of  a  stone  similar  to  that  of  Mansfield,  is  generally  in  good  con- 
dition. 

SporroBTH  Castlb,  Yorkshire  (14th  century).  Of  coarse  red  sandstone,  generally  much 
decomposed.  The  dressings  of  the  windows  and  doors,  of  a  semi-crystalline  mag- 
nesian limestone,  are  in  a  perfect  state,  the  mouldings  and  enrichments  being  eminently 
sharp  and  beautiful. 

Studlxt  Park,  Yorkshire.  Banquetting  house,  about  100  years  old,  of  yellowish  mag- 
nesian limestone,  in  perfect  condition. 

Tboepx  Abbkt  Villagx.  The  houses  generally  of  this  village  are  built  of  magnesian 
limestone  from  the  vicinity ;  they  are  in  excellent  condition,  and  of  a  very  pleasing 
colour. 

Thorfx  Salvim,  near  Worksop.  Manor-house  (15th  century),  in  ruins.  Of  a  siliciferous 
magnesian  limestone  and  a  sandstone,  in  unequal  condition  ;  the  quoins  and  dressings 
are  generally  in  a  perfect  state.  Pariah  Chur^  (1 5th  centOry),  also  of  a  siliciferous 
variety  of  magnedan  limestone  and  a  sandstone,  in  unequal  but  generally  feir  condi- 
ticm.     A  Norman  doorway  under  the  porch  is  well  preserved. 

TicKHiLL  Chub,ch,  Yorkshire,  (15th  century).  Of  magnesian  limestone,  in  excellent 
condition.     The  lower  part  of  the  tower  (of  the  12th  century)  also  in  feir  condition. 

York.  Aneieni  B%Uding» :  Cathrdral  (transepts,  ISth  century  ;  tower,  nave,  &;c.,  14th 
century).  Of  magnesian  limestone,  frcm.  Jackdaw  Craig.  West  end  and  towera 
restored  thirty  yean  since ;  they  are  generally  in  fair  condition,  but  some  of  the 
enriched  gables  and  other  decorations  are  obliterated.  The  transepts  are  in  many 
places  much  decomposed,  eqiecially  in  the  mouldings  and  enrichments.  The  central 
tower  is  generally  in  good  condition,  but  several  of  the  enriched  parts  are  decom- 
posed. .SIf.  Mar^t  Abbey  (12th  century),  of  magnesian  limestone.  West  front  of  the 
church  generally  much  decomposed ;  the  north  flank  in  better  condition,  but  in  parts 
much  decomposed.  The  gateway,  which  is  of  Norman  origin,  is  in  fair  condition. 
Baman  Biidtangular  Tower.  BuUt  of  small  stones ;  such  as  are  of  magnesian  lime- 
stone are  in  good  condition.     St,  Denis's  Chureh,     Norman  doorway,  of  magnesian 
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limestone ;  touth  tide  highly  enriched  with  xig-sag  and  other  ornaments ;  the  columns 
are  gone ;  the  parts  which  remain  are  in  good  condition.  St.  Margartta  Chwrdt  (15th 
century),  of  magnesian  limestone ;  east  front  much  exposed,  and  in  good  condition. 
The  porch  is  of  Norman  date,  and  has  been  reconstructed ;  four  bands  of  enrichment 
in  the  head,  in  tolerably  fiur  condition,  but  many  stones,  particularly  those  of  a  deep 
yellow  brown  colour,  are  much  decomposed.  Tlu  other  cAttrcAes  cf  York  (which  are 
of  the  1 4th  and  15th  centuries)  are  built  of  magnesian  limestone,  and  are  generally  in 
an  extremely  decomposed  state ;  in  many  instances  all  arehiteotursi  detail  is  obliterated. 
Modem  Buildinfft:  Tub  Museum,  of  Hackness  sandstone,  built  nine  years  sinee, 
much  decomposed  wherever  it  is  subject  to  the  alternation  of  wet  and  dry,  as  at  the 
bottom  of  the  columns  of  the  portico,  plinth,  &c.  The  Castlx  (recently  erected) ; 
the  plinth  of  the  boundary  wall  (which  is  of  Bramleyfall  sandstone)  already  exhibits 
traces  of  decomposition.  Vorh  Satnngt  Bank.  Huddersfield  stone  (?),  in  good 
condition. 
Woaxsor  Church  (principally  of  the  ISth  century),  of  a  siliciferous  variety  of  magnesian 
limestone  and  of  a  sandst<»ie ;  in  very  unequid  condition.  Some  parts  are  very  much 
decomposed,  whilst  others  are  in  a  perfect  state. 

1666.  Valuable  as  the  above  Report  is,  there  remain  points,  perhaps  minor  ones,  which 
are  still  desiderata  for  the  architect ;  but  we  are,  nevertheless,  much  indebted  to  idl  con- 
cerned in  its  production.  It  contains  a  sufficiently  ample  account  of  the  principal 
quarries  of  the  country  to  guide  the  architect  in  the  choice  of  the  material,  and  is  almost 
the  only  thing  that  the  government  of  this  country  has  ever  done  to  advance  architecture 
as  a  science :  for  it,  as  an  art,  it  does  not  appear  probable  much  will  be  done  till  things  are 
very  much  changed.  We  shall  close  our  account  of  the  stone  of  England  with  a  very 
useful  table  of  the  chemical  analysis  of  sixteen  specimens  of  stone,  which  were  examined 
by  Messrs.  Daniel  and  Wheatstone,  whose  names  are  sufficient  to  impart  a  value  to  it  in 
the  mind  of  every  scientific  person. 
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1667.  The  above  table  gives  the  results  of  the  chemical  analysis  of  sixteen  specimens  of 
stone,  arranged  according  to  their  respective  classes.  The  names  of  the  quarries  are  in- 
serted under  the  general  divisions  of  the  different  species  of  stone,  and  the  specimens  were 
considered  as  fiiir  average  samples  of  the  workable  stone  in  such  quarries.  The  expe- 
riments were  conducted  by  Messrs.  Daniel  and  Wheatstone.  In  subsection  1500.  we  have 
already  supplied  a  table,  to  which  the  reader  is  referred  for  the  crushing  weights  of  the 
stones  therein  mentioned  ;  and  that,  added  to  the  information  which  the  unmediately  pre- 
ceding pages  supply,  will,  we  trust,  be  all  that  is  necessary  on  this  branch  of  the  subject 
under  consideration. 
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SlCT.  II. 
OKANRE. 

1668.  Among  the  primitive  rocks  of  the  globe,  whose  period  of  creation  is  considered  by 
geologists  as  antecedent  to  that  of  organic  beings,  is  that  of  granite,  whose  use  in  architec- 
ture seems  to  bid  defiance  to  time  itself.  The  term  granite  appears  to  be  a  corruption  of 
the  Latin  word  peraniies,  used  by  Pliny  to  denote  a  particular  species  of  stone.  Tour- 
nefort,  the  naturalist,  in  the  Account  of  hit  Voyage  to  the  Levant  in  1699,  is  the  first  of 
modem  writers  who  uses  the  name.  The  word  seems  to  have  been  applied  by  antiquaries 
to  every  granular  stone  susceptible  of  use  in  architecture  or  sculpture,  in  which  vague  sense 
it  was  used  by  mineralogists,  until  about  fifty  years  since,  when  true  granite  was  classed 
as  a  particular  mountain  rock.  Its  constituent  parts  are  concretions  of  felspar,  quartz, 
and  mica,  intimately  joined  together,  but  without  any  basis  or  ground.  Tliese  parts  are 
variable  in  quantity,  so  that  sometimes  one,  sometimes  the  other,  and  frequently  two  of 
them,  predominate  over  the  third.  The  felspar,  however,  generally  predominates,  as  mica 
is  the  least  considerable  ingredient  of  the  rock.  In  some  varieties  the  quartz  is  wanting, 
in  others  the  mica ;  but  where  these  peculiarities  occur,  the  granites  must  be  considered 
as  varieties,  not  as  distinct  species. 

1669.  The  constituent  parts  differ  in  their  magnitude,  alternating  from  large  to  small 
and  very  fine  granular.  The  colour,  moreover,  is  very  variable,  depending  principally  on 
the  predominating  ingredient,  —  the  felspar,  the  quartz,  and  the  mica  having  usually  a  grey 
colour.  Tlie  felspar  is  mostly  white,  inclining  to  grey  and  yellow,  sometimes  red,  and  even 
also  milk  white,  sometimes  flesh-red ;  rarely  grey,  yellow,  or  green.  The  quartz  is  usually 
grey,  seldom  milk-white,  and  always  translucent.  The  mica  is  usually  grey,  and  sometimes 
nearly  black.  The  felspar  in  granite  has  usually  a  vitreous  lustre,  and  of  perfectly  foliated 
fracture ;  yet  in  some  varieties  it  passes  into  earthy,  with  the  loss  of  its  hardness  and  lustre ; 
in  other  words,  it  has  passed  into  porcelain  earth.  The  appearance  in  question  is  sometimes 
produced  by  the  weathering  of  the  felspar,  and  sometimes  it  appears  to  be  in  its  original 
state.  When  pyrites  arc  found  in  the  veins  which  traverse  granite,  the  vicinous  felspar  and 
mica  are  converted  into  a  species  of  steatitical  matter  by  the  action  of  the  sulphuric  acid 
formed  during  the  decomposition  of  the  pyrites.  Hie  mica  also  is  liable  to  decomposition 
from  exposure  to  the  atmosphere,  but  the  quartz  never  alters.  In  Cornwall,  there  is  a  con- 
siderable portion  of  the  granite  in  which  earthy  felspar  is  found. 

1670.  Granite  is  not  decomposed  by  acids,  and  is  only  imperfectly  and  slowly  calcinable 
in  a  great  heat  Those  species  which  contain  much  white  felspar,  and  only  a  small  portion 
of  quartz,  like  the  greater  part  of  the  granites  of  Cornwall  and  Devonshire,  are  liable  to 
decomposition  much  sooner  than  many  of  the  Scotch  granites,  in  which  the  quartz  is  more 
abundant,  and  equally  disseminated.  In  the  selection  of  the  Cornish  and  Devon  granites, 
those  are  to  be  prefened  which  are  raised  in  the  largest  blocks  and  are  easiest  worked, 
which,  for  common  purposes,  answer  well  enough,  such  as  for  paving-stones  and  the  like ; 
but  harder  granite  must  be  sought  for  than  Devonshire  or  Cornwall  produces,  where  the 
construction  is  of  importance ;  for  the  masses  in  these  counties  are  mostly  in  a  condition  of 
rapid  disintegration  and  decay,  which  seems  chiefly  attributable  to  their  containing  a  large 
portion  of  potass.  The  Naval  Hospital  of  Plymouth  is  built  of  a  granite  whose  parts  appear 
to  have  been  well  selected.  It  was  erected  upwards  of  seventy  years  since,  and,  except 
in  the  columns  of  the  colonnades,  does  not  exhibit  symptoms  of  decay.  In  these,  on  their 
more  exposed  sides,  the  disintegration  of  the  felspar  has  commenced,  and  lichens  have 
already  attached  their  roots  to  some  parts  of  the  surfaces. 

1671.  The  grey  granite,  or  moorstone  as  it  is  called  in  Cornwall,  is  got  out  in  blocks  by 
splitting  it  with  a  number  of  wedges  applied  to  notches  pooled  in  the  surface  of  the  stone 
about  four  inches  apart.  The  pool  holee  are  sunk  with  the  point  of  a  pick,  much  in  the 
same  way  as  other  hard  quarry  stones  are  split  The  harder  the  moorstone  the  nearer  it 
can  be  split  to  the  scantling  required.  All  granite  may  be  wrought,  and,  indeed,  is 
wrought  into  mouldings  by  means  of  pointed  tools  of  various  weights  and  sizes ;  but  it  is 
first  roughed  out  by  means  of  heavy  hammers,  whose  shape  is  formed  by  two  acute  angled 
triangles,  joined  base  to  base  by  a  rectangle  between  them,  thus  <  o  >.  Red  granite, 
sometimes  yellowish,  and  generally  interspersed  with  black  mica,  is  found  in  Devonshire, 
and  indeed  at  Mount  Edgcumbe  there  are  fine  tables  of  it  equal  to  the  finest  oriental 
granite,  and  it  is  found  also  in  other  parts  of  England ;  but  fbr  hardness,  and  in  works  where 
durability  is  indispensable,  the  granite  from  Aberdeen  and  Dundee  is  to  be  preferred  by  the 
architect  These  take  an  admirable  polish,  and  are  superior  to  all  others  which  the  island 
produces.  Of  these  the  red  generally  is  harder  than  the  grey  sorts,  but  more  difficult  to 
work.  The  Peterhead,  from  the  vicinity  of  Aberdeen,  is  perhaps  the  best,  and  it  is,  more- 
over, in  appearance,  the  most  beautiful  which  Scotland  afibrds ;  indeed,  in  point  of  beauty, 
it  is  only  surpassed  by  the  oriental  granites. 
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167S.  The  common  granite  is  the  material  chiefly  used  for  paving  the  roads  of  the  me- 
tropolis. 

A  cubic  foot  of  Aberdeen  grey  granite  weighs  166)  lbs. 
Aberdeen  red  granite        -       165^ 
Cornish  grey  granite  -       166) 

Cornish  red  granite  -       164 


Sect.  III. 

KAaBLX. 


1 673.  With  the  architect  and  sculptor  the  name  of  marble  is  applied  to  all  stones,  harder 
than  gypsum,  which  are  found  in  large  masses,  and  are  susceptible  of  a  good  poli^.  On 
this  principle,  under  the  head  of  marble,  are  included  many  varieties  of  limestone,  porphyry, 
and  even  granite  and  fine-grained  basalts.  But  with  mineralogists  the  word  is  used  in  a 
much  more  restricted  sense,  and  is  confined  to  such  varieties  of  dolomite,  swinestone,  and 
compact  and  granularly  foliated  limestone  as  are  capable  of  receiving  a  good  poUsh. 

1674.  The  external  characters  are  as  follows :  colours  white,  grey,  red,  yellow,  and  green. 
Has  generally  but  one  colour,  though  it  is  often  spotted,  dotted,  striped,  and  veined.  Occurs 
massive,  and  in  angulo-granular  distinct  concretions.  Internally  it  alternates  from  shining 
to  glistening  and  glimmering ;  lustre  intermediate  between  pearly  and  vitreous.  Fracture 
foliated,  but  oftentimes  inclining  to  splintery.  Fragments  indeterminate,  angular,  and 
rather  blunt-edged.  More  or  less  translucent  Brittle,  and  easily  frangible.  Its  chemical 
characters  are,  that  it  generally  phosphoresces  when  pounded,  or  when  thrown  on  glowing 
coals.     It  is  infusible  before  the  blow-pipe.     Dissolves  with  effervescence  in  acids. 

Constituent  parts,  Lime  -  -  -        56 '50 

Carbonic  acid  -  -         43*00 

Water  -  -  .  050 

100-00 

1675.  All  the  varieties  may  be  burnt  into  quicklime;  but  it  is  found  that  in  many  of 
them  the  concretions  eifoliate  and  separate  during  the  volatilization  of  their  carbonic  acid, 
so  that  by  the  time  that  they  become  perfectly  caustic,  their  cohesion  is  destroyed,  and 
they  fiiil  into  a  kind  of  sand,  a  circumstance  which  renders  it  improper  to  use  such  va- 
rieties in  a  common  kiln.  The  most  imiwrtant  use,  however,  of  marble  is  as  a  material  for 
decoration. 

1676.  The  varieties  of  marble  are  almost  infinite,  and  their  classification  would  be  perhaps 
useless  here.  Among  those  in  use  with  the  ancients,  the  white  marble  of  mount  Penteles 
in  Attica,  thence  called  PenttHcan^  seems  to  have  held  the  first  rank.  It  was  used  in  the 
Parthenon  and  other  buildings  in  Athens,  and  was  also  in  high  repute  with  the  Greek 
sculptors.  The  Parian  marble  of  the  finest  description  was  obtained  from  Mount  Mar- 
pessus  in  the  island  of  Paros,  whence  it  was  also  called  Marpeesian  marble.  This  sort  was 
also  highly  esteemed.  The  Parian  marble  was  sometimes  termed  Lychneue,  from  its  em- 
ployment for  candelabra,  and  Lifgdinum,  from  the  promontory  of  Lygdos.  Another  marble 
of  antiquity  was  that  from  Mount  Hymettus  in  Attica.  Thasus  and  Lesbos  *  produced 
white  marbles,  much  esteemed ;  and  the  latter  also  a  marble  of  a  black  colour.  But  a 
marble  whiter  than  even  that  of  Paros  was  found  at  Luna  in  Etruria.  Amongst  the  white 
marbles  also  was  the  Marmor  PheUenee  from  Mount  Phelleus ;  CoralUicttm,  fitun  the  neigh- 
bourhood  of  the  river  Coralios  in  Phrygia,  termed  also  Sangarium,  from  a  di£ferent  name 
of  the  same  river ;  and  the  Cyxicumt  firom  the  quarries  of  Cyzicus  in  Asia  Minor.  The 
Chemitee  resembled  ivory  in  its  colour.  Among  the  black  marbles  were  the  Synnadiaan, 
or  Phryffium,  from  the  vicinity  of  the  city  of  Synnada  in  Phrygia ;  that  of  TtauxruSf  the 
Marmor  UbicuMj  or  Numidian,  also  called  LuadUum,  called  by  the  French  noir  antique  or 
rouge  antique.  Of  a  transparent  black  colour  also  was  the  celebrated  Chium  Marmor,  from 
Mount  Pelineus  in  the  island  of  Chios.  The  M<trmor  Obsidianum,  frt>m  Ethiopia,  was  also 
black.  Of  the  same  colour,  but  veined,  was  that  frx>m  the  isle  of  Proconesus,  called  Pro- 
coneeian  or  Cyzican  marble.  Mount  Taygetes  produced  the  Mearmor  Laconicum,  of  a  green 
colour,  more  generally  now  known  by  the  name  of  verd  antique.  That  of  Carystus  was 
of  a  mingled  green.  The  Atraieum  Marmor,  from  Mount  Atraz  in  Thessaly,  was  a  mixture 
of  white,  green,  blue,  and  black.  The  Tiberian  and  Augustan  marbles  were  fit>m  Egypt, 
and  of  a  green  colour.  That  of  a  dark  green,  which  is  called  serpentino  antico,  from  the 
allied  resemblance  of  its  colour  to  the  skin  of  a  serpent,  was  anciently  called  Marmor 
Aphites  or  Memphites,  and  was  obtained,  as  its  second  name  imports,  from  the  neighbour- 
hood of  Memphis.     The  Corinthicm  was  a  yellow  marble ;  the  Phingites,  fiiom  Cappadocia, 
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white  with  yellow  spots.     The  Rkodian  was  marked  with  spots  of  a  golden  appearance ; 
and  that  of  Mdo»y  obtained  from  Mount  Acynthus,  was  also  yellow. 

1677.  The  Parian  marble,  above  mentioned,  consists  almost  entirely  of  carbonate  of 
lime ;  that  of  Carrara,  in  Italy,  is  often  mixed  with  granular  quarts  in  considerable  pro- 
portion. Dr.  Clarke  says  that  while  the  works  in  Parian  marble  remain  perfect,  those  in 
Pentelic  marble  have  become  decomposed,  and  sometimes  exhibit  a  surface  as  earthy  and 
rude  as  that  of  common  limestone.  This  is  considered  to  be  principally  owing  to  veins  of 
extraneous  substances  which  intersect  the  Pentelic  quarries,  and  which  appear  more  or  less 
in  all  the  works  executed  in  this  kind  of  stone.  The  Parian  marble  has  a  waxy  appear- 
ance when  polished ;  it  hardens  by  exposure  to  the  air,  and  must  be  held  in  estimation  even 
now,  as  the  material  irom  which  were  formed  the  Venus  di  Medici,  the  Diana  Venatrix, 
the  colossal  Minerva  Pallas  of  Velletri,  and  the  Capitoline  Juno.  Tlie  marbles  known  by 
the  names  of  Verde  antico  and  Verde  di  Corsica  are  composed  of  limestone,  calcareous 
spar,  serpentine,  and  asbestus. 

1678.  The  marbles  of  France  are  many  of  them  extremely  beautiful,  but  their  use  is 
chiefly  confined  to  that  country. 

1 679.  The  marbles  of  the  British  Islands  deserve  more  notice  from  the  English  architect 
than  they  have  hitherto  received.  In  England  there  are  but  few  as  yet  quarried  of 
granular  foliated  limestone,  the  greater  number  of  varieties  of  them  belonging  to  the 
floetz  or  secondary  limestone.  Derbyshire  and  Devonshire  abound  with  marble ;  but  the 
most  remarkable,  and  perhaps  most  beautiful,  of  the  English  niarbles,  is  that  of  Anglesea, 
called  Mona  marble,  and  much  resembling  Verd  antique.  Its  colours  are  greenish  black, 
leek  green,  and  sometimes  purple,  irregularly  blended  with  white,  but  they  are  not  always 
seen  together  in  the  same  piece.  The  white  part  is  limestone,  the  green  shades  are  said  to 
be  owing  to  serpentine  and  asbestus.  The  black  marbles  found  in  England  are  varieties 
of  lucullite. 

1680.  Of  the  Scotch  marbles  the  principal  are  the  Tiree,  of  which  there  are  two  varieties, 
red  and  white.  Tlie  lona,  whose  colours  are  a  greyish  white  and  snow  white,  sometimes 
intermixed  with  steatite,  which  gives  it  a  green  or  yellow  colour  in  spots  known  under  the 
name  of  lona  or  Icolmkill  pebbles.  It  does  not  tsJce  a  high  polish.  The  Skye  marble,  of 
greyish  hue,  with  occanonally  various  veins.  The  Aatynt  varieties  of  white,  of  grey,  and 
dove  colour.  Gien  Tilt  marble,  white  and  grey,  with  occasionally  yellow  and  green  spots. 
IVIarble  of  BaUietdiah,  of  a  grey  or  white  colour,  and  capable  of  being  produced  in  con- 
siderable blocks.  Boyne  marble,  grey  or  white,  and  taking  a  good  polish.  Blairgowrie, 
in  Perthshire,  of  a  pure  white  colour,  fit,  it  is  sud,  to  be  employed  in  statuary  and  for 
architectural  purposes ;  and  Glenavon,  a  white  marble,  said  by  Williams  {Natural  History 
of  the  Minwol  Kingdom)  to  be  a  valuable  marble,  is  not  used,  from  the  remoteness  of  its 
situation  and  the  difficulty  of  access  to  it 

1 681 .  The  black  marbles  of  Ireland,  which  have  of  late  been  much  introduced  for  architec- 
tural purposes,  are  lucullites.  In  the  county  of  Waterford  are  several  kinds.  At  Toreen  is 
a  fine  variegated  sort  of  various  colours,  viz.,  chesnut  brown,  white,  yellow,  and  blue,  and 
taking  a  good  polish.  A  grey  marble,  beautifully  clouded  with  white,  and  susceptible  of 
a  good  polish,  has  been  found  near  Kilcrump,  in  the  parish  of  Whitechurch,  in  the  same 
coimty.  At  Loughlougher,  in  the  county  of  Tipperary,  a  fine  purple  marble  is  found, 
which  is  said  to  be  beautiful  when  polished.  Several  variegated  marbles  are  described  by 
Smith  in  the  county  of  Cork,  but  it  does  not  appear  certain  whether  these  and  others  are 
granular  limestone.  The  county  of  Kerry  affonls  several  variegated  marbles,  such  as  that 
found  near  Tralee.  Marble  of  virions  colours  is  found  in  the  same  county,  in  the  islands 
near  Dunkerron,  in  the  river  of  Kenmare :  some  are  purple  and  white,  intermixed  with 
yellow  spots ;  and  some  beautiful  specimens  have  been  seen  of  a  purple  colour,  veined  with 
dark  green. 

1 682.  The  principal  part  of  the  supply  to  England  of  foreign  marble  is  from  Carrara,  a 
small  Italian  town  in  the  duchy  of  Massa.  The  quarries  at  this  place  were  celebrated 
from  an  early  period,  and  spots  are  still  shown  about  them  whence  they  dug  the  marble 
for  the  Pantheon.  Masses  of  marble  are  sometimes  procured  here  nine  feet  in  length  and 
fit>m  four  to  six  in  breadth.  The  marble  produced  besides  the  white  statuary  is  of 
dififerent  colours  and  veins.  The  quarries  are  the  property  of  the  principal  inhabitants  of 
the  town,  who  carry  on  an  extensive  trade  in  the  article ;  but  the  difiSculty  of  choosing 
the  marble  has  induced  artbts  to  settle  there  for  the  execution  of  their  works,  and  the  con- 
sequence is,  that  sculpture  abounds  and  flourishes  in  the  town. 

1683.  There  is  a  beautiful  species  of  yellow  marble  obtained  from  the  quarries  near 
Siena,  but  the  quantity  imported  is  not  very  great 
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Sect.  IV. 

TIMBEft. 

1684.  The  infonnation  we  propose  here  to  lay  before  the  reader  relative  to  the  different 
qiecies  of  timber  is  extracted  from  Miller's  Gardener^s  Dictiomay,  Rondelet's  Art  tie  Bdtirf 
Ree»*9  Cpdopadia,  and  Hunter's  edition  of  Evelyn's  Sjfltfa.  To  f^ive  any  thing  like  the  in- 
formation that  would  satisfy  the  botanist  would  be  out  of  place  m  an  architectural  work  ; 
and  we  therefore  confine  our  observations  to  those  which  will  be  useful  to  the  student 

1685.  Oak.  Of  this  most  valuable  timber  for  building  purposes  Vitruvius  (lib.  ii. 
eap.  ix. )  enumerates  five  species,  which  it  would  now  be  difficult  to  identify.  Hiat  some 
species  of  the  Quercus  of  the  botanists  are  more  valuable  for  building  purposes  than  others 
no  doubts  exist  Evelyn  seems  to  commend  especially  the  Irish  oak,  because  of  its  with-^ 
standing  the  efforts  of  the  worm ;  but  it  is  not  easy  to  ascertain  the  particular  species  to 
which  he  alludes.  In  the  present  day  the  Sussex  oak  is  esteemed  the  most  valuable;  a 
value,  according  to  some  authors)  derived  ftom  the  nature  of  the  soil  and  from  good 
management  in  the  culture*  which  is  an  object  of  no  small  importance. 

1686.  Generally,  it  has  been  usual  to  consider  England  as  producing,  without  difference 
in  quality,  but  one  species  of  oak ;  but  two  sorts  are  well  known  to  the  English  botanist, 
the  Querciu  Robur  and  the  Quercua  jeniflora.  The  former  is  found  throughout  the 
temperate  ports  of  Europe,  and  is  that  most  common  in  the  southern  parts  of  England. 
Its  leaves  are  formed  with  irregular  sinuosities,  and  their  footstalks  are  short,  occasionally 
almost  without  any  at  all.  It  attains  a  very  large  size,  and  the  wood  is  tolerably  straight- 
grained  and  pretty  free  firom  knots*  in  many  mstances  resemblins  the  German  species 
called  wainscot.  It  is  easily  split  for  making  laths  for  plasterers  ana  slaters,  and  is  beyond 
doubt  the  best  sort  for  joists,  raflers,  and  other  purposes  where  stiff  and  straight-grained 
timber  is  a  desideratum.  In  the  Quercus  jessiflora,  which,  though  found  about  Dulwich 
and  Norwood,  according  to  Miller,  appears  to  be  the  common  oak  of  Durham,  and  perhaps 
of  the  north  of  England,  the  leaves  have  long  footstalks,  frequently  an  inch  in  length, 
and  their  sinuosities  are  n6t  so  deep,  but  are  more  regular  than  those  of  the  Robur  just 
described.  The  acorns  are  so  close  to  the  branches  as  to  have  scarcely  any  stalks.  The 
wood  is  of  a  darker  hue,  and  the  grain  is  so  smooth  that  it  resembles  chesnut  llian  the 
Robur  it  possesses  more  elasticity,  hardness,  and  weight,  but  in  seasoning  it  is  subject  to 
warp  and  split ;  hence  unfit  for  laths,  which  in  the  north  of  England  are  rarely  of  oak. 
There  is  no  reason  for  supposing,  as  has  been  conjectured,  that  the  oak  of  the  Gothic  roofs 
of  the  country  is  of  this  species,  though  we  are  aware  of  the  great  durability  of  tlie  oak  in 
the  buildings  in  the  northern  part  of  the  island. 

1 687.  The  specific  gravity  of  the  species  first  named,  that  is,  the  Quercus  Robur,  may 
be  taken  at  about  "SOO,  and  the  weight  of  a  cube  foot  50*45  lbs.  That  of  the  last-named 
at  '875,  and  the  weight  of  a  cube  foot  at  about  55  IX)  lbs.  Their  cohesive  force  and  tough- 
ness are  proportionable. 

1688.  The  American  species  scarcely  claim  a  notioe  here,  because  their  use  in 
England  is,  from  every  oircunostance,  out  of  the  question. '  Of  the  red  oak  of  Canada 
(Quercus  rubra),  the  only  one  of  which  the  use  could  be  contemplated,  we  merely  ohserve, 
that  it  is  a  light,  spongy,  and  far  from  durable  wood,  though,  in  the  country,  in  many 
instances  useful.     Its  growth  is  rapid,  and  it  rises  to  the  height  of  90  or  100  feet. 

1689.  There  is  a  species  of  oak  imported  from  Norway,  which  has  received 
the  name  of  clapboard,  and  another  imported  from  Holland,  known  under  the  name  of 
Dutch  wainaeot,  though  grown  in  Germany,  whence  it  is  floated  dowp  the  Rhine  for 
exportation.  The  latter  is  destitute  of  the  white  streaks  which  cross  the  former,  and  is 
thereby  distinguished  from  it  The  use  of  these  woods  has  latterly  much  diminished  in 
England.  They  are  both  softer  than  common  oak,  and  the  clapboard  far  inferior  to 
wainscot.  They  are  more  commonly  used  for  fittings  and  fixtures^  whereto  they  are  well 
adapted.  In  damp  situations,  oak  decays  gradually  from  its  external  surface  to  the  centre 
of  the  tree ;  the  ring  on  the  outside,  which  it  acquired  in  the  last  year  of  ihe  growth  of 
the  tree,  decaying  first ;  but  if  the  tree  be  not  felled  till  past  its  prime,  its  decay  is  reversed 
by  its  commencement  at  the  centre.  An  oak  rarely  reaches  its  prime  under  the  age  of  an 
hundred  years ;  after  that  period,  which  is  that  of  its  greatest  strength,  it  cannot  be  consi- 
dered as  fit  for  building  purposes ;  and,  indeed,  it  may  be  taken  as  a  rule,  that  oak  before 
arriving  at  its  maturity  is  stronger  than  that  which  has  passed  it 

1690.  If  the  architect  has  the  opportunity  of  selecting  the  timber  whilst  in  a  state  of 
growth,  he  will,  of  course,  choose  healthy,  vigorous,  and  flourishing  trees.  Those  in 
which  the  trunks  are  most  even  are  to  be  preferred.  A  mark  of  decay  is  detected  in  any 
swelling  above  the  general  surfiice  of  the  wood.  Dead  branches,  especially  at  the  top  of 
the  tree,  render  it  suspicious,  though  the  root  is  the  best  index  to  its  soundness.  Hie 
notion  of  Alberti  (Z>e  Re  j^dificatoria),  of  using  all  the  timber  in  the  same  building  from 
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the  same  forest,  is  a  little  too  fiuiciful  for  these  days,  though  we  eonfoss  we  have  some  mis- 
givings in  impugning  an  authority  whioh,  in  most  other  respects,  we  are  inclined  to  receive 
with  the  highest  veneration. 

1691.  In  felling  not  only  the  oak,  but  all  other  large  trees,  the  great  branches  should  be 
first  cut  off,  so  that  the  tree  may  not  be  injured  or  strained  in  its  fiill ;  and  the  trunk, 
moreover,  must  be  sawed  as  close  to  the  ground  as  possible.  When  felled,  but  not  before, 
it  is  to  be  barked,  trimmed  of  its  branches,  and  left  to  season.  Before,  however,  leaving 
it  for  this  purpose,  it  is  considered  by  workmen  better  to  square  it,  which,  it  is  thought, 
prevents  its  tendency  to  split.  If  to  be  employed  for  posts  or  bearing  pieces,  boring  it 
has  been  employed  with  success ;  but  it  is  needless  to  observe,  that  in  pieces  subject  to 
transverse  strains  such  a  practice  is  not  to  be  spoken  o£ 

1692.  The  pieces  selected  for  building  must  be  chosen  with  the  straightest  grain ;  but 
there  are  pieces  which  are  occasionally  employed,  as  for  knees  and  braces,  wherein  a 
curvilinear  direction  of  the  fibres  of  the  timber  is  extremely  desirable.  It  may,  however, 
be  generally  stated,  that,  in  the  case  of  two  equal-sised  and  seasoned  pieces,  the  heavier  is 
the  piece  to  be  preferred. 

1693.  In  oak,  as  in  all  other  woods,  the  boughs  and  branches  are  never  so  good  as  the 
body  of  the  tree ;  the  great  are  stronger  than  the  small  limbs,  and  the  wood  of  the  heart 
stronger  than  all.  When  green,  wood  is  not  so  strong  as  when  thoroughly  dry,  which  it 
rarely  is  till  two  or  three  years  after  it  is  felled.  It  is  scarcely  necessary  to  say,  that,  con- 
taining much  sap,  it  is  not  only  weaker,  but  decays  sooner.  It  is  weakened  by  knots,  at 
which,  in  practice,  it  is  found  that  fractures  most  frequently  occur ;  and  it  is  important 
to  the  architect  to  recollect  that  he  should  always  reject  cross-grained  pieces. 

1694.  The  great  use  of  oak  in  this  country  is  more  for  ship-building  purposes  than  for 
architectural,  its  use,  except  in  the  provinces,  being  principally  confined  to  pieces  which 
are  much  liable  to  compression,  or  where  great  stiffness  is  required,  or  in  pieces  like  sills 
to  windows  and  door-cases,  where  there  is  much  alternation  of  dryness  and  damp.  So 
early  as  1788,  the  consumption  of  oak  for  ship-building  purposes  was,  in  that  year, 
upwards  of  50,000  loads. 

1 695.  Whoi  of  good  quality,  it  is  more  durable  than  any  other  wood  which  is  procur- 
able of  a  like  sise.  In  a  dry  state,  it  is  ascertained  to  have  lasted  nearly  a  thousand  years. 
The  open-fibred  porous  oak  of  Lincolnshire,  and  some  other  places,  is  a  bad  sort  The 
best  is  that  with  the  closest  grain  and  the  smallest  pores.  The  colour,  as  is  well  known, 
is  a  fine  brown ;  that  which  partakes  of  a  reddish  hue  is  not  so  good  as  the  other.  The 
smell  of  it  is  peculiar ;  it  contains  gallic  acid,  and  it  assumes  a  black  purple  colour  when 
damp,  by  contact  with  iron.  It  warps  and  twists  much  in  seasoning,  and  shrinks  in  width 
about  one  ||iirty-seventh  part. 

1696.  Chkskut.  One  of  the  finest  of  the  European  timber  trees,  the  Fo^tw  cattanea 
of  botanists,  was  heretofore  so  common  in  this  country,  that  Fitzstephen,  in  his  description 
of  London  about  the  time  of  Henry  II.,  mentions  a  fine  forest  of  chesnuts  as  growing  on 
the  northern  side  of  the  city.  We  know  that  it  was  much  used  in  the  buildings  of  our 
ancestors,  and  was,  perhaps,  even  the  chief  timber  employed.  The  young  tree  vies  with  the 
oak  in  durability,  firom  the  small  proportion  of  sapwood  it  contains.  Of  its  durability, 
the  rools  of  Westminster  Hall,  that  of  King*s  College,  Cambridge,  and  that  of  Notre 
Dame,  at  Paris,  are  cited  as  examples,  though  the  fact  of  the  latter  being  of  chesnut  is 
doubted  by  Rondelet,  who  says  that  Buffbn  and  D'Aubenton  thought  it  a  species  of  oak, 
which  may  be  the  case  in  the  roof  first  named. 

1697.  Chesnut,  however,  is  not  to  be  trusted  as  is  oak.  As  Evelyn  observed,  it  is  often 
well-looking  outside,  when  decayed  and  rotten  within.  Belidor  says  it  soon  rots  when  the 
ends  of  timbers  of  it  are  closed  round  in  a  wall. 

1698.  It  is,  perhaps,  from  the  circumstance  of  its  colour  so  nearly  resembling  that  of 
oak,  that  one  Umber  has  so  often  been  mistaken  for  the  other.  The  difference,  however, 
is,  that  the  pores  of  the  sapwood  of  the  oak  are  larger  and  more  thickly  set  and  easily 
distinguished,  whilst  those  in  the  chesnut  require  magnifying  powers  to  be  distinguished. 
But  a  more  decided  difference  is,  that  the  chesnut  has  no  large  transverse  septa.  It  is  far 
easier  to  work  than  oak,  and  is  not  very  susceptible  of  swelling  and  shrinkage.  From 
what  has  beoi  mentioned  above,  it  may  be  inferred  that  the  wood,  though  tough  and  com- 
pact, is,  when  young,  hardest  and  most  flexible,  the  old  wood  being  often  shaky  and  brittle. 

1699.  Water  pipes  of  this  tree  endure  much  longer  than  those  of  elm;  and  for  tubs 
and  vessels  to  hold  water,  it  is  superior  to  oak ;  for  when  once  thoroughly  seasoned,  it  will 
neither  shrink  nor  swell,  on  which  account  it  is  used  by  the  Italians  for  wine  tuns  and 
casks.  It  will  thrive  on  most  soils,  but  rather  delights  in  a  rich  loamy  land,  succeeding 
well,  also,  on  that  which  u  gravelly,  clayey,  or  sandy.  Mixed  soils  are  suitable  to  it,  and 
it  is  found  in  the  warmer  mountainous  situations  of  most  parts  of  Europe. 

1700.  From  the  experiments,  the  cohesive  force  of  a  square  inch  of  chesnut,  when  dry, 
varies  from  9570  to  1  "8000  lbs.,  and  the  weight  of  a  cubic  foot,  when  dry,  is  fit>m 
4Sto55UM. 
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1701.  Bescu  (Foffus  Sylvatica).  A  beautiful  tree,  growing  to  a  considerable  height, 
and  carrying  a  proportionable  trunk.  It  flourishes  most  in  a  dry  warm  soil,  and  grows 
moderately  quick.  The  wood  is  hard,  close,  has  a  dry  even  grain,  and,  like  the  elm, 
bears  the  drift  of  spikes.  The  sorts  of  beech  are  the  brown  or  black,  and  the  white  beech. 
It  is  common  throughout  Europe.  In  the  southern  parts  of  Buckinghamshire,  where  the 
soil  is  chalky,  it  is  particularly  abundant ;  and  such  is  the  case  near  Walberton,  in  Sussex, 
on  the  southern  range  of  chalk  hills,  where  the  beeches  are  very  fine. 

1 702.  Constantly  immersed  in  water,  the  beech  is  very  durable ;  such  also  is  the  case 
with  it  when  constantly  dry ;  but  mere  damp  is  injurious  to  it,  and  it  is  very  liable  to  injury 
by  worms,  though  to  these  Duhamel  considers  it  much  less  liable  when  water-seasoned, 
than  when  seasoned  in  the  common  way.  To  render  it  less  liable  to  the  worm,  it  has  been 
recommended  to  fell  it  about  a  fortnight  after  Midsunmier,  to  cut  it  immediately  into 
planks,  which  are  to  be  placed  in  water  about  ten  days  and  then  dried.  Beech  is  little  used 
in  building,  except  for  piles,  in  which  situation,  if  constantly  wet,  they  are  very  durable. 
From  its  uniform  texture  and  hardness,  it  is  a  good  material  for  tools  and  furniture,  and 
of  it,  in  boards  and  planks,  large  quantities  are  brought  to  London.  It  is  without  sensible 
taste  and  smell,  easy  to  work,  and  susceptible  of  a  very  smooth  surfiice.  The  white  sort  is 
the  hardest,  though  the  black  is  tougher,  and,  according  to  Evelyn,  more  durable.  The 
weight  of  a  cube  foot  varies  from  43  to  53  pounds. 

1703.  Walnut  (Jufflans,  quasi  Jopis  glarui)  is  of  several  sorts.  The  Juglans  Regia, 
or  common  walnut,  was  formerly  much  cultivated  in  this  island,  as  well  for  the  sake  of 
its  timber  as  of  its  fruit.  On  the  former  account  the  importation  of  mahogany  has  long 
since  rendered  its  cultivation  less  common.  It  flourishes  better  in  a  thin  limestone  soil, 
than  in  one  that  is  rich  and  deep,  and,  if  raised  for  timber,  should  not  be  transplanted,  but 
remain  in  the  place  where  it  is  sown.  For  furniture,  from  its  rich  brown  colour,  it  is  by 
many  persons  preferred  to  mahogany.  Its  scarcity  renders  its  employment  rare  for 
building  purposes,  though  by  the  ancients  it  was  so  employed.  One  of  its  properties 
U,  that  it  is  less  liable  to  be  affected  by  worms  than  any  other  timber,  cedar  only  excepted ; 
but  from  its  brittle  and  cross-grained  texture,  it  is  not  generally  useful  for  the  main 
timbers  of  a  building. 

1 704.  The  heart- wood  is  of  a  greyish  brown  with  dark  brown  pores,  often  veined  with 
darker  shades  of  the  same  colour,  which  are  much  heightened  by  oiling.  The  texture  is 
not  so  uniform  as  that  of  mahogany,  nor  does  it  work  so  easily,  but  it  may  be  brought  to 
a  smoother  surfiu;e.     The  weight  of  a  cubic  foot  is  about  45  pounds. 

1705.  Ckdar  (Pinus  Cedruii)  is  an  evergreen  cone-bearing  tree,  of  which  though 
several  have  been  grown  in  this  country,  it  is  too  scarce  to  be  employed  in  building.  Its 
durability  is  very  great;  such,  indeed,  that  Pliny. states  cedar  to  have  been  f^nd  in  the 
Temple  of  Apollo  at  Utica,  which  must  have  been  1200  years  old.  Its  colour  is  a  light 
rich  yellow  brown,  with  the  annual  rings  distinct.  It  is  resinous,  and  has  a  powerful 
smelL  The  taste  is  slightly  bitter,  and  it  is  not  subject  to  worms.  It  is  very  straight  in 
the  grain,  works  easily  and  splits  readily.     Weight  of  a  cubic  foot  from  30  to  38  pounds. 

1706.  Fir  (Piiii»  Sylvestrit).  The  red  or  yellow  flr  is  produced  on  the  hills  of  Scot- 
land ;  but  the  forests  of  Russia,  Denmark,  Norway,  Lapland,  and  Sweden  produce  the 
finest  timber  of  this  species.  It  is  imported,  under  the  name  of  red  wood,  in  logs  and  deah. 
From  Norway  the  trees  are  never  more  than  1 8  inches  diameter,  whence  there  is  much  sap- 
wood  in  them ;  but  the  heart  is  a  stronger  and  more  durable  wood  than  is  had  from  larger 
trees  of  other  countries.  From  Riga  a  great  deal  of  timber  is  received  under  the  name 
of  moats  and  spars :  the  former  are  usually  70  or  80  feet  in  length,  and  from  1 8  to  25  inches 
diameter ;  when  of  less  diameter  they  take  the  latter  name.  Yellow  deals  and  planks  are 
imported  from  Stockholm,  Fredcrickshall,  Christiana,  and  various  other  parts  of  Sweden, 
Russia,  Norway,  and  Prussia.  Of  the  pine  species  the  red  or  yellow  fir  is  the  most  durable; 
and  it  was  said  by  the  celebrated  Brindley,  that  red  Riga  deal,  or  pine  wood,  would  endure 
as  long  as  oak  in  all  situations.  In  Pontey*s  Forest  Pruner,  on  the  authority  of  Dr.  Smith, 
an  instance  is  given  of  the  durability  of  natural-grown  Scotch  fir.  It  is  therein  stated, 
that  some  was  known  to  have  been  300  years  in  the  roof  of  an  old  castle,  and  that  it  was 
as  fresh  and  full  of  sap  as  timber  newly  imported  from  Memel,  and  that  part  of  it  was 
actually  wrought  up  into  new  furniture.  It  is  to  be  observed,  that  foreign  timber  has 
an  advantage  too  seldom  allowed  to  that  which  is  grown  at  home,  the  former  being  always 
in  some  degree  seasoned  before  it  arrives  in  this  country,  and  therefore  never  used  in  so 
unseasoned  a  state  as  the  latter  timber  usually  is. 

1 707.  From  its  great  lightness  and  stifihess  it  is  superior  to  any  other  material  for  beams, 
girders,  joists,  rafters,  and  firaming  in  general.  In  naval  architecture  it  is  used  for  masts 
and  various  other  parts  of  vessels.  In  joinery,  both  internal  and  external,  it  stands  better, 
is  nearly  as  durable  as  oak,  and  is  much  cheaper. 

1 708.  There  is  great  variety  in  the  colours  of  the  different  sorts  of  this  fir :  it  is  generally 
of  a  red  or  honey  yellow  of  different  degrees  of  brightness,  and  consists  in  section  of  hard 
and  soft  circles  alternately,  one  part  of  each  annual  ring  being  soft  and  light  coloured,  the 
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other  harder  and  dark  coloured,  and  possessing  a  strong  resinous  taste  and  smelL  When 
not  abounding  in  resin  it  works  easily.  That  firom  abroad  shrinks  in  the  log,  from  season- 
ing, about  one  thirtieth  part  of  its  width. 

1 709.  The  annual  rings  of  the  best  sort  of  this  timber  do  not  exceed  one  tenth  of  an 
inch  in  thickness,  their  dark  parts  are  of  a  bright  red  colour.  That  from  Norway  is  the 
finest  of  the  sort,  to  which  the  best  Riga  and  Memel  are  much  inferior.  The  inferior  timber 
of  this  kind,  which  is  not  so  durable  nor  so  capable  of  bearing  strains,  has  thick  annual 
rings,  and  abounds  with  a  soft  resinous  matter,  which  is  clammy  and  chokes  the  saw.  Much 
of  the  timber  of  this  sort  is  from  Sweden,  but  it  is  inferior  in  strength  and  stiffliess.  That 
which  is  produced  in  the  colder  climates  is  superior  to  that  which  is  the  product  of  warmer 
countries,  the  Norway  timber  being  much  harder  than  that  of  Riga.  The  weight  of  a 
cubic  foot  of  this  fir,  when  seasoned,  varies  fr^m  29  to  40  pounds,  lliat  of  English  growth, 
seasoned,  firom  28  to  S3. 

1710.  WunK  Fia  (PinuM  (xbies),  commonly  called  the  spruce  of  Norway,  whose 
forests  produce  it  in  abundance.  This  is  the  sort  which  in  deals  and  planks  is  imported 
from  Christiana,  in  which  condition  it  is  more  esteemed  than  any  other  sort.  The  trees 
from  which  these  are  generally  obtained  are  of  70  or  80  years*  growth,  and  are  usually  cut 
into  three  lengths  of  about  12  feet  each,  which  are  sawn  into  deals  and  planks,  each  length 
yielding  three  deals  or  pUnks.  Their  moat  usual  thickness  is  S  inches,  and  they  are 
generally  9  inches  wide.  In  this  country  they  are  sold  by  the  hundred,  which  in  tlie  case 
of  white  as  well  as  yellow  deals,  contains  1 20  deals,  be  their  thickness  what  it  may,  reduced 
to  a  standard  one  of  an  inch  and  a  hal^  a  width  of  1 1  inches,  and  a  length  of  1 2  feet 
What  is  called  whole  deal  is  an  inch  and  a  quarter  thick,  and  slit  deal  is  one  half  of  that 
thickness.  It  unites  better  by  means  of  glue  than  the  yellow  sort,  is  used  much  for  interior 
work  in  joinery,  and  is  very  durable  when  in  a  dry  state. 

1711.  The  colour  of  the  spruce  fir  is  a  yellow  or  rather  brown  white,  the  annual  ring 
consisting  of  two  parts,  one  luu-d,  the  other  softer.  The  knots  are  tough,  but  it  is  not  difiScult 
to  work.  Besides  the  importation  above  named,  there  is  a  considerable  quantity  received 
fit>m  America.  Of  the  Christiana  fir  a  cubic  foot  weighs  from  28-  to  S2  pounds  when 
seasoned.  That  firom  America  about  29  pounds ;  and  the  Norway  spruce  grown  in 
Britain  about  34  pounds.  In  seasoning  it  shrinks  about  a  seventieth  part,  and  after  being 
purchased  as  dry  deals  at  the  timber  yards,  about  one  ninetieth. 

1712.  AxKaicAK  PiVKS.  The  Pintt*  Strobust  or  what  is  called  the  Weymouth  or  white 
pine,  is  a  native  of  North  America,  imported  in  logs  often  more  than  2  feet  square  and 
upwards  of  30  feet  in  length.  It  b  an  useftil  timber,  light  and  soft,  stands  the  weather 
tolerably  well,  and  is  much  used  for  masts.  For  joiners'  work  it  is  useful  from  its  clean 
straight  grain.  But  it  should  not  be  used  for  large  timbers,  inasmuch  as  it  is  not  durable, 
and  is  moreover  very  susceptible  of  the  dry  rot.  Its  colour  is  a  brown  yellow,  and  it  has 
a  peculiar  odour.  I1ie  texture  is  very  uniform,  more  so,  indeed,  than  any  other  of  the  pine 
species,  and  the  annual  rings  are  not  very  distinct  It  stands  well  enough  when  well 
seasoned.     A  cubic  foot  of  it  weighs  about  29  pounds. 

1713.  The  yellow  pine,  or  Pinus  varitUnUsy  is  imported  into  England,  but  it  is  not 
much  used ;  it  is  the  produce  of  the  pine  forests  from  New  England  to  Georgia. 

1 71 4.  The  pitch  pine  (rettnosa),  remarkable  for  the  quantity  and  fragrance  of  the  resin 
it  produces,  is  a  native  of  Canada.  It  is  brittle  when  dry,  and,  though  heavy,  not  durable. 
It  is  of  a  much  redder  hue  than  the  Scotch  pine,  and  from  its  glutinous  property  difiScult 
to  plane.     The  weight  of  a  cubic  foot  is  41  pounds. 

1715.  The  silver  pine  (/ncea)  is  common  in  the  British  plantations.  This  species  of 
timber  is  produced  in  abundance,  and  is  much  used  on  the  Continent  both  for  carpentry 
and  ship-building.  It  is  light  and  stiflT,  and,  according  to  Wiebeking,  lasts  longer  in  air 
than  in  water.     A  cubic  foot  weighs  about  26  pounds. 

1 71 6.  The  Chester  pine  {pinagter)  is  occasionally  cultivated  in  the  British  plantations. 
It  is  better  suited  to  water  than  exposure  to  the  air,  and  has  a  finer  grain,  but  contains  less 
redn,  than  the  pine  or  silver  fir.     A  cubic  foot  weighs  about  26  pounds. 

1717.  Larch  (A'n«»  Larix).  A  timber  tree  only  lately  to  any  considerable  extent 
adopted  in  the  plantations  of  Great  Britain,  among  whose  cultivators  the  Duke  of  Athol 
has  been  one  of  the  most  ardent  and  successful.  It  grows  straight  and  rapidly,  is  said  to 
be  durable  in  all  situations,  and  appears  to  have  been  known  and  appreciated  by  Vitruvius, 
who  regretted  the  difiSculty  of  its  transport  to  Rome,  where,  however,  it  was  occasionally 
used.  Wiebeking  prefers  it  to  the  pine,  pinaster,  and  fir,  for  the  arches  of  timber  bridges. 
To  flooring  boards  and  stairs^  where  there  is  much  wear,  it  is  well  suited,  and  when  oiled, 
assumes  a  beautiful  colour,  such,  indeed,  that  when  used  for  internal  joinery,  a  coat  of 
varnish  gives  it  a  more  beautiful  appearance  than  it  could  receive  from  any  painting.  Hie 
American  larches  do  not  produce  turpentine ;  but  the  timber  has  been  considered  equal  to 
the  European  sorts.  It  is  of  a  honey  yellow  colour,  and  more  difiScult  to  work  than  the 
Riga  or  Memel  timber,  though,  when  obteined,  the  surface  is  better.     It  bears  the  driving 
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to  nails  And  bolts,  and  stands  well  if  properly  seasoned.     A  cubic  foot  weighs  firom  SO 
of  40  pounds. 

1718.  Poplar.  The  Popuitts  of  botanists,  whereof  five  species  are  grown  in  England: 
the  common  white  poplar,  the  black,  the  aspen  or  trembling  poplar,  the  abele  or  great 
white  poplar,  and  that  of  Lombardy.  The  wood  of  this  tree  is  only  fit  for  the  flooring  of 
inferior  rooms  where  there  is  not  much  wear.  Evelyn  attributes  to  this  wood  the  property 
of  burning  **  tMtowanUjf"  rather  mouldering  than  maintaining  any  solid  heat.  Its  colour  is 
a  yellow  or  brown  white.  The  annual  rings,  whereof  one  side  is  a  little  darker  than  the 
other,  making  each  year's  growth  visible,  are  of  an  uniform  texture.  The  best  sorts  are  the 
Lombardy,  the  black,  and  the  common  white  poplar.  Of  the  Lombardy  poplar,  the  weight 
of  a  cubic  foot  is  about  24  pounds ;  of  the  aspen  and  black  poplar,  26  pounds ;  and  of  the 
white  poplar,  about  33  pounds. 

1719.  ALDxa  (Betula  alnus).  A  tree  delighting  in  wet  places  by  the  banks  of  rivers, 
and  whereof,  says  Vitruvius,  the  piles  whereon  the  whole  of  the  buildings  of  Ravenna  stand, 
furnished  the  material.  In  a  dry  situation  it  is  unfit  for  employment,  on  account  of  its 
early  rot  when  exposed  to  the  weather  or  to  mere  damp,  and  its  susceptibility  of  engender- 
ing worms.  Evelyn  says  that  it  was  used  for  the  piles  upon  which  the  celebrated  bridge 
of  the  Rialto  at  Venice  was  founded  in  1591 ;  but  we  have  no  certain  data  by  which  such 
assertion  can  be  maintained.  There  is,  however,  no  doubt  that  it  may  be  advantageously 
employed  in  situations  where  it  is  constantly  under  water. 

Its  colour  is  of  a  red  yellow,  of  diiferent  shades,  but  nearly  uniform;  which  latter  quality 
is  exhibited  in  its  texture. 

From  its  softness  it  is  easily  worked,  and  seems  adapted,  therefore,  for  carving.  In  a  dry 
state  the  weight  of  a  cubic  foot  varies  from  36  to  50  pounds. 

1720.  Elm  (^Ubnta).  In  Great  Britain  five  species  of  this  tree  abound,  whereof 
the  Ubnue  eampeUris,  common  in  the  woods  and  hedges  of  the  southern  parts  of  England, 
is  a  hard  and  durable  wood,  but  is  rarely  used  except  for  coffins.  The  UbnuB  nberoaOf 
or  cork-barked  elm,  is  an  inferior  sort,  and  is  very  common  in  Sussex. 

1721.  The  Ubnut  Montana  is  the  most  conunon  species  in  Europe,  and  particularly  in 
the  northern  counties  of  England.  It  is  more  generally  known  by  the  name  of  the  broads 
leaved  elm  or  wych  haxel.  Without  enumerating  the  other  varieties,  whereof  the  Dutch 
elm  (  Ubnut  major)  is  good  for  nothing,  we  shall  merely  observe,  that  the  Ulmua  glabra, 
common  in  Herefordshire,  Essex,  and  the  north  and  north-eastern  counties  of  England, 
grow^  to  the  largest  sixe  and  is  most  esteemed,  whilst  the  Dutch  elm  is  the  worst.  The  elm 
is  a  durable  timber  when  constantly  wet,  as  a  proof  whereof  we  have  only  to  mention  that 
it  was  used  for  the  piles  on  which  the  old  London  Bridge  stood.  Indeed,  its  durability 
under  water  is  well  Imown ;  but  for  the  general  purposes  of  building  it  is  of  little  value, 
and  it  rarely  fidls  to  the  lot  of  the  architect  to  be  obliged  to  use  it. 

1722.  The  colour  of  the  heart- wood  is  darker  than  that  of  oak,  and  of  a  redder  brown. 
The  sapwood  is  of  yellow  or  brown- white  colour.  It  is  porous,  cross  and  coarse  grained, 
has  a  peculiar  smell,  twists  and  warps  very  much  in  drying,  and  shrinks  considerably  in 
breadth  and  length.  Though  difiScult  to  work,  it  bears  the  driving  of  bolts  and  nails 
better  than  most  other  sorts  of  timber.  The  weight  of  a  cubic  foot,  when  dry,  varies  from 
36  to  48,  seasoned  from  37  to  50  pounds.  From  experiment  it  seems  that  in  seasoning 
it  shrinks  one  forty-fourth  part  of  its  width. 

1723.  Ash  {Fraxinua  excdtiory  This,  the  most  valuable  of  the  genus,  is  common 
throughout  Europe  and  the  northern  parts  of  Asia.  It  grows  rapidly,  and  of  it  the  young 
is  more  valuable  than  the  old  wood.  It  is  much  affected  by  the  difference  of  the  soils  in 
which  it  grows.  It  will  not  endure  when  subject  to  alternations  of  damp  and  moisture, 
though  sufiiciently  durable  when  constantly  in  a  dry  situation.  Its  pores,  if  cut  in  the 
spring,  are  of  a  reddish  colour,  and  it  is  improved  by  water-seasoning.  Evelyn  says,  that 
when  felled  in  full  sap,  the  worm  soon  takes  to  it ;  and  therefore  recommends  its  being 
felled  in  the  months  from  November  to  February.  The  texture  is  compact  and  porous, 
the  compact  side  of  the  annual  ring  being  dark  in  colour,  whence  the  annual  rings  are 
distinct.  The  general  colour  is  brown,  resembling  that  of  oak ;  but  it  is  more  veined, 
and  the  veins  darker  than  those  of  oak.  The  timber  of  the  young  tree  is  a  white,  ap- 
proaching brown,  with  a  greenish  hue.  It  has  no  peculiar  taste  or  smell,  is  difficult  to 
work,  and  is  too  flexible  ror  use  in  building,  beside  the  importent  want  of  the  character  of 
durability.  The  wdght  of  a  cubic  foot  varies  from  35  to  52  pounds ;  and  it  is  to  be 
observed,  when  the  weight  is  much  less  than  45  pounds  the  timber  is  that  of  an  old  tree. 

1724.  Stcamoax  (^Acer  pteudo-pUxtantu),  usually  called  the  plane  tree  in  the  northern 
part  of  the  island,  is  common  in  Britain  and  on  the  mountains  of  Germany.  It  u  rapid 
in  growth,  and  the  wood  is  durable  when  it  escapes  the  worm,  to  which  it  Lb  quite  as  liable 
as  beech.  The  use  of  it  in  buildings  is  not  common,  but  for  furniture  it  is  valuable.  The 
colour  is  a  brown  white,  yellowish,  and  sometimes  inclining  to  white.  Texture  uniform ; 
annual  rings  indiatinct.  It  is  not  so  hard  as  beech,  brittle,  and  generally  easy  to  work. 
A  cubic  foot,  when  seasoned,  weighs  from  34  to  42  pounds.     Ware  says  that  there  are  old 
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houses  in  this  country  floored  with  sycamore  and  wainscotted  with  poplar.  It  seems  well 
enough  calculated  for  floors. 

1725.  Birch.  Behda  alba,  or  common  birch,  is  a  species  of  alder,  to  which  article  the 
reader  is  referred.  (1719.) 

1796.  Mahooant  {^Mahagoni)  has  only  three  known  species.  That  used  (^Swietenia)  in 
England  ii  a  native  of  the  West  Indies,  and  the  country  round  the  Bay  of  Honduras  in 
America.  It  was  formerly  abundant  in  the  low  lands  of  Jamaica,  but  is  only  found  there, 
at  present,  on  high  hills  and  places  difficult  of  access.  It  succeeds  in  most  soils,  though 
it  varies  in  quality  according  to  their  natures.  In  rocky  situations,  though  it  does  not 
attain  so  great  a  size,  it  t»  harder,  weightier,  of  a  closer  grain,  and  more  beautifully  va- 
riegated than  in  low  rich  lands,  whereon  it  is  produced  more  porous,  of  paler  colour,  and 
of  more  <^n  grain.  It  grows  straight  and  lofty,  and  when  fiill  grown  reaches  a  diameter 
of  S  feet  The  flowers  are  of  a  red  or  saffron  colour,  and  the  fruit  about  the  size  of  a 
turkey's  egg*  The  wood  is  extremely  hard,  takes  a  fine  polish,  and  is  admirably  adapted 
to  articles  of  furniture.  The  expense  of  it  in  this  country  confines  its  use  in  building  to 
doors,  handrails  of  stairs,  &c  ;  but  in  Jamaica  it  has  been  frequently  used  for  floors,  joists, 
rafters,  shingles,  &e. ;  and,  indeed,  ships  have  been  built  of  it ;  for  which  last  purpose,  the 
circumstance  of  its  allowing  the  shot  to  be  buried  without  ^lintering  makes  it  peculiarly 
suitable. 

1 727.  The  first  use  to  which  it  was  applied  in  this  country  was  by  a  Mr.  Wollaston 
to  the  ignoble  service  of  a  candle-box  for  a  Dr.  Gibbons,  at  the  beginning  of  the  last  cen- 
tury (1724).  With  its  appearance  the  doctor  was  so  much  pleased  that  he  had  a  bureau 
af^wards  made  of  it. 

1728.  The  variety  called  Spanish  mahogany,  and  imported  from  Cuba,  Jamaica,  Hi- 
spaniola,  and  other  West  India  islands,  comes  in  logs  seldom  more  than  26  inches  square,  and 
about  10  or  12  feet  in  length,  and  is  harder  and  closer  grained  than  that  firom  the  Bay  of 
Honduras,  firom  which  it  may  be  distinguished,  before  it  is  oiled,  by  being  of  a  lighter 
colour,  and  as  if  its  pores  were  filled  with  a  chalky  matter.  The  Honduras  mahogany  has 
been  latterly  imported  in  logs  of  very  large  dimensions ;  we  have  ourselves  seen  one  in  the 
West  India  Docks  which  was  5  feet  square,  and  upwards  of  15  feet  long.  Its  grain  is  very 
open  generally,  and  ofWn  irr^ular,  with  black  or  grey  spots.  The  veins  are  beautiful  and 
of  great  variety.  The  best  sort  is  that  which  is  freest  from  grey  specks  and  of  a  fine 
golden  colour.  It  is  held  firmly  with  glue,  perhaps,  indeed,  better  than  any  other  wood. 
A  cubic  foot  of  the  best  Jamaica  mahogany  weighs  about  54  pounds ;  of  Honduras,  about 
38  pounds. 

1 729.  The  teak  and  the  African  oak  have  latterly  been  imported  into  this  country  in 
considerable  quantities.  They  are  extremely  hard  and  tough;  but  we  do  not,  from  the 
impossibility  of  their  general  use  here,  think  it  necessary  to  enter  into  any  description  of 
them.  The  following  table,  extracted  from  Rondelet's  work,  exhibits  the  mean  heights  of 
several  sorts  of  trees,  that  of  their  trunks,  their  specific  gravities  and  weight  per  cubic 
foot ;  in  which  latter  column  will  be  found  some  small  differences  from  those  already 
given,  which  may  be  accounted  for  firom  the  variation  in  the  qualities  of  the  timber  on  which 
experiments  were  made. 


Mean  Heiffht 
in  Engllth 

Masn  Helsht 

Diameter  of 

Specific 

Weight  of 
CublcFoot  in 

Name  of  Trae. 

of  Trunk  in 

Trunk  in  En- 

Gravity. 

FeeC 

KngUth  Feet. 

glifth  Inches. 

Ibi.  arerd. 

Acacia           -            -             - 

26-65 

12-79 

10-66 

789 

47-74 

Alder 

79-95 

44-77 

29-85 

655 

39-74 

Almond  tree 

38-28 

22-38 

14-92 

1102 

66-74 

Ash  - 

63-96 

38-37 

23-45 

787 

47-52 

Beech             ... 

76-72 

44-77 

27-72 

720 

43-63 

Birch,  common 

86-34 

47-97 

31-98 

702 

42-55 

Box               ... 

28-78 

15-99 

10-66 

919 

55-55 

Cedar  of  Lebanon 

95-94 

51*16 

39-44 

608 

36-50 

Chataignier  (wild  chesnut^    - 

76-72 

44-77 

27-71 

685 

41-47 

Chesnut  (sweet)  Marronmer  - 

76-72 

44-77 

27-71 

720 

43-73 

Cypress  (pyramidal)  - 

76-72 

38-37 

27-71 

655 

39-74 

Ebony  of  the  Alps    - 

31-98 

19-18 

11-73 

1054 

63-72 

Elm- 

76-72 

44-77 

31*98 

738 

42-00 

Fir    - 

102-32 

57-56 

46-90 

542 

31-92 

Linden          ... 

57-56 

31-98 

26-65 

564 

34*13 

Oak  (common  of  Canada) 

95-94 

57-56 

35-18 

842 

51-18 

Oak  (red  of  Virginia) 

86*34 

47-97 

31-98 

587 

35-42 

Oak  (common) 

86*34 

44-77 

81*98 

905 

54-69 
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Name  of  Tree. 

Mean  Height 

in  EngUih 

Feet. 

Mean  Height 
of  Trunk  In 
English  Feet. 

Diameter  of 
Trunk  in  En- 
glisb  Inches. 

Specific 
Gravity. 

Wdgbt  of 

Cubic  Foot  in 

lbs.  averd. 

Pine  (northern) 
Plane             ... 
Poplar  of  Italy 
Service  tree  (Cormier) 
Sycamore       -             -             - 
Walnut 

Walnut  (of  America) 
Yew               -             .             - 
1 

86*34 
79-75 
79-95 
47-97 
63-96 
57-56 
63-96 
28-78 

47-97 
44-77 
47-97 
25-58 
31-98 
47-97 
31-98 
15-99 

35-18 
29-85 
31-98 
18-12 
28-78 
36*24 
38-37 
10-66 

612 
622 
415 
911 
645 
680 
735 
778 

3717 
37-58 
24-25 
55-07 
38-88 
41-04 
41-90 
47  09 

1730.  The  preservation  of  timber,  the  prevention  of  decay,  and  the  causes  of  decay,  will 
require  j5:om  us  a  succinct  notice ;  and  we  shall  commence  by  placing  before  the  reader  the 
observations  on  the  subject  from  the  celebrated  and  venerated  Evelyn,  though  perhaps  at 
the  risk  of  repetition  in  what  follows.  As  King  Henry  V.  is  made  by  Shakspeare  to  say 
of  Fluellen,  "  Though  it  appear  a  little  out  of  fashion,  there  is  much  care  in  this  "  author. 

1 731 .  **  Lay  up  your  timbers  very  dry,  in  an  airy  place,  yet  out  of  the  wind  or  sun,  and 
not  standing  yery  upright,  but  lying  along,  one  piece  upon  another,  interposing  some  short 
blocks  between  them,  to  preserve  them  from  a  certain  mouldiness  which  they  usually  con- 
tract while  they  sweat,  and  which  frequently  produces  a  kind  of  fungus,  especially  if  there 
be  any  sappy  parts  remaining. 

1732.  **  Some  there  are  yet  who  keep  their  timber  as  moist  as  they  can  by  submerging 
it  in  water,  where  they  let  it  imbibe,  to  hinder  the  cleaving ;  and  this  is  good  in  fir,  both 
for  the  better  stripping  and  seasoning  ;  yea,  not  only  in  fir,  but  other  timber.  Lay,  there- 
fore, your  boards  a  fortnight  in  the  water  (if  running  the  better,  as  at  some  mill-pond 
head) ;  and  there,  setting  them  upright  in  the  sun  and  wind,  so  as  it  may  freely  pass  through 
them  (especially  during  the  heats  of  summer,  which  is  the  time  of  finishing  buildings), 
turn  them  diuly ;  and  thus  treated,  even  newly  sawn  boards  will  floor  far  better  than  many 
years*  dry  seasoning,  as  they  call  it.  But,  to  prevent  all  possible  accidents,  when  you  lay 
your  floors,  let  the  joints  be  shot,  fitted,  and  tacked  down  only  for  the  first  year,  nailing 
them  for  good  and  all  the  next ;  and  by  this  means  they  will  lie  staunch,  close,  and  with- 
out shrinking  in  the  least,  as  if  they  were  all  one  piece.  And  upon  this  occasion  I  am  to 
add  an  observation,  which  may  prove  of  no  small  use  to  builders,  that  if  one  take  up  deal 
boards  that  may  have  lun  in  the  floor  a  hundred  years,  and  shoot  them  [plane  their  edges] 
again,  they  wiU  certainly  shrink  (totie»  quotiet)  without  the  former  method.  Amongst 
wheelwrights  the  water  seasoning  is  of  especial  regard,  and  in  such  esteem  amongst  some, 
that  I  am  assured  the  Venetians,  for  their  provision  in  the  arsenal,  lay  their  oak  some 
years  in  water  before  they  employ  it.  Indeed,  the  Turks  not  only  fell  at  all  times  of  the 
year,  without  any  regard  to  the  season,  but  employ  their  timber  green  and  unseasoned ; 
so  that  though  they  have  excellent  oak,  it  decays  in  a  short  time,  by  this  only  neglect. 

1 733.  **  Elm  felled  ever  so  green,  for  sudden  use,  if  plunged  four  or  five  days  in  water 
(especially  salt  water),  obtains  an  admirable  seasoning,  and  may  immediately  be  used. 
I  the  ofiener  insist  on  this  water  seasoning,  not  only  as  a  remedy  against  the  worm,  but 
for  its  efllcacy  against  warping  and  distortions  of  timber,  whether  used  within  or  exposed 
to  the  air.  Some,  again,  commend  burying  in  the  earth ;  others  in  wheat ;  and  there 
be  seasonings  of  the  fire,  as  for  the  scorching  and  hardening  of  piles,  which  are  to  stand 
either  in  the  water  or  in  the  earth. 

1734.  **  When  wood  is  charred  it  becomes  incorruptible ;  for  which  reason,  when  we 
wish  to  preserve  piles  from  decay,  they  should  be  charred  on  their  outside.  Oak  posts 
used  in  enclosures  always  decay  about  two  inches  above  and  below  the  surface.  Charring 
that  part  would  probably  add  several  years  to  the  duration  of  the  wood,  for  that  to  most 
timber  it  contributes  its  duration.  Thus  do  all  the  elements  contribute  to  the  art  of 
seasoning. 

1735.  "  'limber  which  is  cleft  is  nothing  so  obnoxious  to  reft  and  cleave  as  what  is 
hewn ;  nor  that  which  is  squared  as  what  is  round :  and  therefore,  where  use  is  to  be 
made  of  huge  and  massy  columns,  let  them  be  bored  through  firom  end  to  end.  It  is  an 
excellent  preservative  from  splitting,  and  not  unphilosophical ;  though  to  cure  the  accident 
painter's  putty  is  reconomended ;  also  the  rubbing  them  over  with  a  wax  cloth  is  good ; 
or  before  it  be  converted  the  smearing  the  timber  over  with  cow-dung,  which  prevents  the 
effects  both  of  sun  and  air  upon  it,  if  of  necessity  it  must  lie  exposed.  But,  besides  the 
former  remedies,  I  find  this  for  the  closing  of  the  chops  and  clefts  of  green  timber,  to 
anoint  and  supple  it  with  the  £it  of  powdered  beef  broth  [we  do  not  quite  agree  with  our 
author  here],  with  which  it  must  be  well  soaked,  and  the  chasms  filled  with  sponge% 
dipped  into  it.     This  to  be  twice  done  over. 
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17  36.  **  We  spake  before  of  squaring ;  and  I  would  now  recommend  the  quartering  of 
such  trees  as  will  allow  useful  and  competent  scantlings  to  be  of  much  more  durableness 
and  effect  for  strength,  than  where  (as  custom  is  and  fbr  want  of  observation)  whole  beams 
and  timbers  are  applied  in  ships  or  houses,  with  slab  and  all  about  them,  upon  fiilse  suppo- 
sitions of  strength  beyond  these  quarters. 

1737.  **  Timber  that  you  have  occasion  to  lay  in  mortar,  or  which  is  in  any  part  con* 
tiguous  to  lime,  as  doors,  window  cases,  groundsils,  and  the  extremities  of  beams,  &c., 
have  sometimes  been  capped  with  molten  pitch,  as  a  marrellous  preserver  of  it  from  the 
burning  and  destructive  effects  of  the  lime ;  but  it  has  since  been  found  rather  to  heat  and 
decay  them,  by  hindering  the  transudation  which  those  parts  require ;  better  supplied  with 
loam,  or  strewings  of  brick-dust  or  pieces  of  boards ;  some  leave  a  small  hole  for  the  air. 
But  though  lime  be  so  destructive,  whilst  timber  thus  lies  dry,  it  seems  they  mingle  it 
with  hair  to  keep  the  worm  out  of  ships,  which  they  sheathe  for  southern  voyages,  though 
it  is  held  much  to  retard  their  course. 

1 738.  "  For  all  uses,  that  timber  is  esteemed  the  best  which  is  the  most  ponderous,  and 
which,  lying  long,  makes  the  deepest  impression  in  the  earth,  or  in  the  water  being  floated ; 
also  what  is  without  knots,  yet  firm  and  firee  from  sap,  which  is  that  fatty,  whiter,  and 
softer  part  called  by  the  ancients  aUmmum,  which  you  are  diligently  to  hew  away.  My 
Lord  Bacon  (Exper.  658.)  recommends  for  trial  of  a  sound  or  knotty  piece  of  timber,  to 
cause  one  to  speak  at  one  of  the  extremes  to  his  companion  listening  at  the  other ;  for  if  it 
be  knotty,  the  sound,  says  he,  will  come  abrupt.** 

PRESERVATION    OF   TIMBER. 

1 739.  The  preservation  of  timber,  when  employed  in  a  building,  is  the  first  and  most  im- 
portant consideration.  Wherever  it  is  exposed  to  the  alternations  of  dryness  and  moisture, 
the  protection  of  its  sur£su;e  from  either  of  those  actions  is  the  principal  object,  or,  in  oth«r 
words,  the  application  of  some  substance  or  medium  to  it  which  is  imperviable  to  moisture ; 
but  all  timber  should  be  perfectly  dry  before  the  use  of  the  medium.  In  Holland  the  ap- 
plication of  a  mixture  of  pitch  and  tar,  whereon  are  strewn  pounded  shells,  with  a  mixture 
of  sea  sand,  is  general ;  and  with  this,  or  small  and  sifted  beaten  scales  from  a  blacksmith's 
forge,  to  their  drawbridges,  sluices,  and  gates,  and  other  works,  they  are  admirably  pro- 
tected from  the  effects  of  the  seasons.  Semple,  in  his  work  on  aquatic  building,  recom- 
mends, that  **  after  your  work  is  tried  up,  or  even  put  together,  lay  it  on  the  ground,  with 
stones  or  bricks  under  it  to  about  a  foot  high,  and  bum  wood  (which  is  the  best  firing  for 
the  purpose)  under  it,  till  you  thoroughly  heat,  and  even  scorch  it  all  over ;  then,  whilst  the 
wood  is  hot,  rub  it  over  plentifully  with  linseed  oil  and  tar,  in  equal  parts,  and  wdl  boiled 
together,  and  let  it  be  kept  boiling  while  you  are  using  it ;  and  this  will  inunediately 
strike  and  sink  (if  the  wood  be  tolerably  seasoned)  one  inch  or  more  into  the  wood,  close 
all  the  pores,  and  make  it  become  exceeding  hard  and  durable,  either  under  or  over  water." 
Semple  evidently  supposes  the  wood  to  have  been  previously  well  seasoned. 

1 740.  Chapman  (on  the  preservation  of  timber)  recommends  a  mixture  of  sub-sulphate 
of  iron,  which  is  obtained  in  the  refuse  of  copperas  pans,  ground  up  with  some  cheap  oil, 
and  made  sufficiently  fluid  with  coal-tar  oil,  wherein  pitch  has  been  infused  and  mixed. 

1741.  For  common  purposes,  what  is  called  ganding,  that  is,  the  strewing  upon  the 
painting  of  timber,  before  the  paint  dries,  particles  of  fine  sand,  is  very  useful  in  the  pre- 
servation of  timber. 

1 74S.  Against  worms  we  believe  nothing  to  be  more  efficacious  than  the  saturation  of 
timber  with  any  of  the  oils ;  a  process  which  destroys  the  insect  if  already  in  the  wood,  with 
that  of  turpentine  especially,  and  prevents  the  liability  to  attack  from  it.  Evelyn  recom- 
mends nitric  acid,  that  is,  sulphur  immersed  in  aquafortis  and  distilled,  as  an  effectual  ap- 
plication. Corrosive  sublimate,  lately  introduced  under  Kyan*s  patent,  has  long  been 
known  as  an  effectual  remedy  against  the  worm.  Its  poisonous  qwdities  of  course  destroy 
all  animal  life  with  which  it  comes  in  contact ;  and  we  believe  that  our  readers  who  are 
interested  in  preserving  the  timbers  of  their  dwellings  may  use  a  solution  of  it  without 
infringing  the  rights  of  the  patentee.  But  the  best  remedy  against  rot  and  worms  is  a 
thorough  introduction  of  air  to  the  timbers  of  a  building,  and  their  lying  as  dry  and  as  free 
from  moisture  as  practicable.  Air  holes  from  the  outside  should  be  applied  as  much  as 
possible,  and  the  ends  of  timbers  should  not,  if  it  can  be  avoided,  be  bedded  up  close  all 
round  them.  This  practice  is,  moreover,  advisable  in  another  respect,  that  of  being  able, 
without  injury  to  a  building,  to  splice  the  ends  of  the  timbers  should  they  become  decayed, 
without  involving  the  rebuilding  of  the  fabric ;  a  facility  of  no  mean  consideration. 

1 743.  The  worm  is  so  destructive  to  timber,  both  in  and  out  of  water,  that  we  shall  not 
apologise  for  dosing  this  part  of  our  observations  with  Smeaton's  remarks  upon  a  species  of 
worm  which  he  found  in  Bridlington  piers.  **  This  worm  appears  as  a  small  white  soft 
substance,  much  like  a  maggot ;  so  small  as  not  to  be  seen  distinctly  without  a  magnifying 
glass,  and  even  then  a  distinction  of  its  parts  is  not  easily  made  out.     It  does  not  attempt 
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to  make  its  way  through  the  wood  longitudinally,  or  along  the  grain,  as  is  the  case  with 
the  common  ship  worm,  but  directly,  or  obliquely,  inward.  Neither  does  it  appear  to  make 
its  way  by  means  of  any  hard  tools  or  instruments,  but  rather  by  some  species  of  dissolvent 
liquor  furnished  by  the  juices  of  the  animal  itself.  The  rate  of  progression  is,  that  a  three 
inch  oak  plank  will  be  destroyed  in  eight  years  by  action  from  the  outside  only.**  For  re- 
sisting the  effects  of  these  worms,  Smeaton  recommends  the  piles  to  be  squared,  to  be  fitted 
as  closely  as  possible  together,  and  to  fill  all  openings  with  tar  and  oakum,  to  make  the 
&ce  smooth,  and  cover  it  with  sheathing. 

1744.  The  destructive  effects  of  the  white  ant  are  so  little  known  here,  that  it  is  unne- 
cessary to  make  further  mention  of  them,  than  that  in  India  they  are  the  most  inveterate 
enemies  with  which  timber  has  to  contend.  From  Ybung*9  Annalt  we  extract  the  following 
curious  statement  of  experiments  made  upon  inch  and  a  half  planks,  from  trees  of  thirty  to 
forty-five  years'  growth,  after  an  exposure  of  ten  years  to  the  weather. 

Cedar  was  perfectly  sound.  Chesnut,  very  sound. 
Larch,  sap  quite  decayed,  but  the  heart,     Abele,  sound, 

sound  Beech,  ditto. 

Spruce  fir,  sound.  Walnut,  decayed. 

Silver  fir,  in  decay.  Sycamore,  considerably  decayed. 

Scotch  fir,  much  decayed.  Birch,  worthless. 
Pinaster,  in  a  perfectly  rotten  state. 

Whence  we  may  be  led  to  some  inference  of  the  value  of  different  sorts  of  timber  in 
resisting  weather ;  though  we  must  not  be  altogether  guided  by  the  above  table,  inasmuch 
as  it  is  well  known  that  the  soil  on  which  timber  is  grown  much  increases  or  deteriorates 
its  value,  and  that  split  timber  is  more  durable  and  stronger  than  that  which  is  sawn,  from 
the  circumstance  of  the  fibres,  on  account  of  their  continuity,  resisting  by  means  of 
their  longitudinal  strength  ;  whereas  when  severed  by  the  saw,  the  resistance  depends  more 
on  the  lateral  cohesion  of  the  fibres.  Hence  whole  trees  are  invariably  stronger  than  spe- 
oimeas,  unless  these  be  particularly  well  selected,  and  of  a  straight  and  even  grain ;  but  in 
practice  the  results  of  experiments  are  on  this  account  the  more  useful 

nSCAT   OF  TIMBXa. 

1745.  If  timber,  whatever  its  species,  be  well  seasoned,  and  be  not  exposed  to  alternate 
dryness  and  moisture,  its  durability  is  great,  though  from  time  it  is  known  to  lose  its 
elastic  and  cc^esive  powers,  and  to  become  brittle  if  constantly  dry.  On  this  account  it 
is  unfit,  after  a  certain  period,  to  be  subjected  to  variable  struns :  however,  in  a  quiescent 
state  it  might  endure  for  centuries.  Dryness  will,  if  carried  to  excess,  produce  this  cate- 
gory. The  mere  moisture  it  absorbs  from  the  air  in  dry  weather  is  not  sufficient  to  impair 
its  durability.  So,  also,  timber  continually  exposed  to  moisture  is  found  to  retain  for  a 
very  long  period  its  pristine  strength.  Heat  with  moisture  is  extremely  injurious  to  it, 
and  is  in  most  cases  productive  of  rot,  whereof  two  kinds  are  the  curse  of  the  builder,  the 
wet  and  the  dry  rot,  though  perhaps  there  be  but  little  difierenoe  between  the  two.  They 
appear  to  be  produced  by  the  same  causes,  excepting  that  the  freedom  of  evaporation  de- 
termines the  former,  and  an  imperfect  evaporation  the  latter.  In  both  cases  the  timber  b 
affected  by  a  fhngus-like  parasite,  beginning  with  a  species  of  mildew ;  but  bow  this  fungus 
is  generated  is  still  a  vexata  qtutttio ;  all  we  know  is,  that  its  vegetation  is  so  rapid,  that 
often  before  it  has  arrived  at  its  height,  a  building  is  ruined.  From  our  inquiries  on  the 
Continent,  we  believe  the  disease  does  not  occur  to  the  extent  that  it  does  in  this  country ;  a 
fact  which  we  are  inclined,  perhaps  erroneously,  to  attribute  to  the  use  of  the  timber  of  the 
country,  instead  of  imported  timber.  Our  opinion  may  be  fiuiciful,  but  there  are  many 
grounds  on  which  we  think  that  is  not  altogether  the  case.  Our  notion  is,  that  our  im- 
ported timber  is  infected  with  the  seeds  of  decay  long  before  its  arrival  here  (we  speak  of 
fir  more  especially),  and  that  the  comparative  warmth  and  moisture  of  the  climate  bring 
more  effectually  the  causes  of  decay  into  action,  especially  where  the  situation  is  close  and 
confined.  Warmth  is,  doubtless,  known  to  be  a  great  agent  in  the  dry  rot,  and  most  espe- 
cially when  moisture  co-operates  with  it,  for  in  warm  cellars  and  other  close  and  confined 
situations,  where  the  vapour  which  feeds  the  disease  is  not  altered  by  a  constant  change 
of  air,  the  timbers  are  soon  destroyed,  and  become  perfectly  decomposed. 

1746.  The  lime,  and  more  especially  the  damp  brickwork,  which  receive  the  timbers  of 
a  new  building,  are  great  eauses  of  decay  to  the  ends  of  them ;  but  we  do  not  think  that  the 
regulations  of  the  19  Car.  II.  cap.  3.,  which  directed  the  builders,  after  the  fire  of  Iiondon, 
to  bed  the  ends  of  their  girders  and  joists  in  loam  instead  of  mortar,  would,  if  followed  out 
in  the  present  day,  be  at  all  effective  in  preventing  the  decay  incident  to  the  ends  of 
timbers.  Timber,  in  a  perfectly  dry  state,  does  not  appear  to  be  iqjured  by  dry  lime ;  and, 
indeed,  lime  is  known  to  be  eflfeotual  in  the  protection  of  wood  against  worms. 

1 747.  Nothing  is  more  ii^urious  to  the  floors  of  a  building  than  covering  them  with 
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painted  floorcloth,  which  entirely  prevents  the  access  of  atmospheric  air,  whence  the  damp- 
ness of  the  boards  never  evaporates ;  and  it  is  well  known  that  oak  and  fir  posts  have  been 
brought  into  premature  decay  by  painting  them  before  their  moisture  had  evaporated ; 
whilst  in  the  timber  and  pewing  of  old  churches,  which  have  never  beoi  painted,  we  see 
them  sound  after  the  lapse  of  centuries.  Semple,  in  his  Treatin  on  Building  in  Water, 
notices  an  instance  of  some  field  gates  made  of  tiie  fir  of  the  place,  part  whereof,  near  the 
mansion,  were  painted,  and  had  become  rotten,  while  those  more  distant  from  the  mansion, 
which  had  never  been  painted,  were  quite  sound. 

PRZV2NT10M   or   DKCAT. 

1748.  After  timber  is  felled,  the  best  method  of  preventing  deeay  is  the  immediate  re- 
moval of  it  to  a  dry  situation,  where  it  should  be  stacked  in  such  a  manner  as  to  secure 
a  free  circulation  of  air  round  it,  but  without  exposure  to  the  sun  and  wind,  and  it  should 
be  rough  squared  as  soon  as  possible.  When  thoroughly  seasoned  before  cutting  it  into 
scantlings,  it  is  less  liable  to  warp  and  twist  in  drying.  The  ground  about  its  place  of  de- 
posit should  be  drv  and  perfectly  drained,  so  that  no  vegetation  may  rise  on  it.  Hence 
a  timber  yard  should  be  strewed  with  ashes,  or  the  scales  from  a  foundry  or  forge,  which 
supply  an  admirable  antidote  to  all  vegetation.  It  is  thought  that  the  more  gradually 
timber  is  seasoned  the  greater  its  durability ;  and,  as  a  general  rule,  it  may  be  stated,  that 
it  should  not  be  used  till  a  period  of  at  least  two  years  fiwm  its  being  felled,  and  for  joiners* 
work  at  least  four  years.  Much,  however,  is  dependent  on  the  size  of  the  pieces.  By  some, 
water  seasoning  has  been  recommended ;  by  others,  the  steaming  and  boiling  it ;  smoke-dry- 
ing, charring,  and  scorching  have  also  been  recommended.  Tlie  latter  is,  perhaps,  the  best 
for  piles  and  other  pieces  that  are  to  stand  in  the  water  or  in  the  ground.  It  was  practised 
by  the  ancients,  and  is  still  in  use  generaUy  for  the  posts  of  park  paling  and  the  like. 

1 749.  In  Norway  the  deal  planks  are  seasoned  by  laying  them  in  salt  water  for  three  or 
four  days,  when  newly  sawed,  and  then  drying  them  in  the  sun,  a  process  which  is  con- 
sidered to  be  attended  with  advantage  ;  but  it  does  not  prevent  their  shrinking.  Mr.  Evelyn 
recommends  the  water  seasoning  for  fir,  but  we  incline  to  think  that  gradual  dry  seasoning 
is  the  best  method. 

1750.  Notwithstanding,  however,  all  care  in  seasoning,  when  timber  is  employed  in  a 
damp  situation  it  soon  decays ;  and  one  of  the  principsl  remedies  against  that  is  good 
drainage,  without  which  no  precautions  will  avul.  It  is  most  important  to  take  care  that 
earth  should  not  lie  in  contact  with  the  walls  of  a  building,  for  the  damp  is  quickly  com- 
municated, in  that  case,  by  their  means  to  the  ends  of  timbers,  and  rot  soon  follows.  No 
expedient  to  guard  against  this  contingency  is  so  good  as  what  are  called  air  or  dry  drains, 
which  arc  areas  formed  by  thin  walls  round  the  building,  with  apertures  in  the  paving 
laid  between  them  and  the  principal  walls,  so  as  to  afford  a  constant  currrat  of  fresh  air. 

1 751 .  When  the  carcass  of  a  building  is  complete,  it  should  be  left  as  long  as  possible 
to  dry,  and  to  allow  to  the  timbers  what  may  be  called  a  second  seasoning.  The  modem 
practice  of  finishing  buildings  in  the  Quickest  possible  period,  has  contributed  more  to  dry 
rot  than  perhaps  any  other  cause ;  and  for  this  the  architect  has  been  blamed  instead  of  his 
employer,  whose  object  is  generally  to  realize  letting  or  to  enjoy  oopupation  of  them  as 
early  as  possible.  After,  however,  the  walls  and  timbers  of  a  building  are  once  thoroughly 
dry,  all  means  should  be  employed  to  exclude  a  fresh  accession  of  moisture,  and  delay  be- 
comes then  prejudicial. 

1752.  We  have  before  noticed  corrosive  sublimate  in  solution  as  a  wash  useful  in  the 
prevention  of  decay,  and  have  also  ourselves  found  that  a  weak  solution  of  vitjjolic  acid 
with  water  wUl  generally  stop  the  rot  if  it  have  not  gone  too  far.  But  it  is  extremely  diffi- 
cult to  prevent  the  spreading  of  the  ftingus  of  the  dry  rot  after  it  has  once  commenced ;  and 
the  precautions  indicated  above,  although  not  always  successful,  are  better  than  the  being 
reduced  to  after  remedies.  Certain,  however,  it  is,  that  the  washes  we  have  named  will 
often  prevent  the  infection  from  spreading.  Pyrolichnous  acid  has  recently  been  recom- 
mend^i,  and,  we  think,  very  usefully,  as  a  remedy  for  preventing  the  spreading  of  the 
diswwe. 

CUaX  OP   EOT. 

1 753.  It  is  no  easy  matter  to  cure  the  rot  where  it  has  once  taken  root  If  it  be  found 
necessary  to  substitute  new  timbers  for  old  ones,  every  particle  of  the  ftingus  must  be  re- 
moved from  the  neighbourhood  of  such  new  timbers.  After  scraping  it  from  the  adjoinins 
walls  and  timbers,  perhaps  no  better  application  than  one  of  the  washes  above  mentioned 
can  be  employed,  inasmuch  as  they  can  always  be  with  safety  applied  to  the  parts.  An 
extraordinary  degree  of  heat  would  effect  the  same  purpose,  but  this,  especially  in  the  case 
o(  floors,  is  difficult  in  application.  Coal  tar  has  been  found  usefUl,  but  its  extremely  un- 
pleasant odour  is  an  objection. 
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Sect.  V. 

IRON. 

1754.  Iron  is  a  metal  found  in  almost  all  parts  of  the  world,  and  though  not  mentioned 
by  Homer,  and  hence,  we  may  suppose,  in  his  time  extremely  scarce,  it  is  now  more  abun- 
dant than  any  of  the  other  metals,  and  is,  at  the  same  time,  the  most  useful.  Although,  with 
the  exception  of  tin,  it  is  the  lightest  of  all  metals ;  yet  it  is,  when  pure,  very  malleable  and 
extremely  hard.  Its  malleability  is  increased  by  heat,  whereas  most  other  metals,  as  they 
are  heated,  become  more  brittle.  It  is  the  only  known  substance  whereon  the  loadstone 
acts,  and  its  specific  gravity  to  water  is  as  7632  to  1000. 

1 755.  The  iron  manufiustured  in  Great  Britain  is  obtained  from  three  species  of  the  ore. 
The  Lanooihiret  which  is  very  heavy,  fibrous  in  texture,  and  of  a  dark  purple  colour  in^ 
dining  to  black,  and  lodged  in  veins.  The  Bog  ore,  which  has  the  appearance  of  a  deep 
yellow  clay,  and  is  found  in  strata  of  from  twelve  to  twenty  inches  in  thickness.  And 
lastly.  Iron  itonett  of  an  irregular  shape,  frequently  in  beds  of  large  extent,  similar  to  other 
stony  masses,  and  often  intersected  with  seams  of  pit  coaL  It  is  principally  from  the  argil- 
laceous ore  or  clay  iron-stone  that  iron  is  extracted  in  this  country. 

1 756.  After  raising,  the  ores  are  selected  and  separated  as  much  as  possible  from  hetero- 
geneous substances.  Tliey  are  then  roasted  in  large  heaps  in  the  open  air,  for  the  purpose 
as  well  of  freeing  them  from  the  arsenic  and  sulphur  they  contain  as  to  render  them  friable 
or  easy  of  reduction  to  a  powder.  The  roasting  is  performed  by  means  of  bituminous 
coal,  and  the  result  is  a  substance  full  of  fissures,  friable,  and  a  deprivation  of  all  vitreous 
lustre.  After  this  it  is  transferred  to  the  crushing  mill  for  complete  pulverization, 
whence  it  is  carried  to  the  smelting  furnace  for  conversion  into  iron.  Herein  it  undergoes 
two  separate  processes :  first,  the  reduction  of  the  oxide  to  a  metallic  state ;  second,  the 
separation  of  the  earthy  particles  in  the  form  of  scoria.  These  operations  are  conducted  by 
submitting  the  ore,  ordinarily  mixed  with  certain  fluxes,  to  the  action  of  carbon  at  a  very 
high  temperature,  in  what  are  called  blast  furnaces,  which  vary  in  height  from  twelve  to 
sixty  feet,  and  are  of  the  form  of  truncated  pyramids,  terminating  usually  in  cylindrical  chim- 
neys, whose  internal  diameter  is  from  four  to  six  feet.  The  interior  of  these  furnaces  is 
usually  of  a  cylindrical  form,  whose  internal  diameter  is  from  four  to  six  feet.  The  cavity 
of  these  furnaces  is  usually  of  a  circular  form,  except  at  the  crucMe  or  hearth,  where  it  be- 
comes a  right  rectangular  prism,  oblong  in  a  direction  perpendicular  to  the  blast  orifices  or 
tuyeres  of  the  bellows,  llie  sides  of  the  crucible  are  most  commonly  formed  of  gritstone. 
The  ho9he$,  which  are  in  the  form  of  an  inverted  quadrangular  pyramid  approaching  a 
prismatic  shape,  are  placed  above  the  crucible,  and  above  them  rises  the  conical  body  of 
the  furnace,  which  is  lined  with  fire-bricks,  and,  in  ascending,  is  contracted  similarly  to 
the  narrow  end  of  an  egg,  until  it  terminates  in  the  chimney.  The  furnace  is  of  course 
constructed  in  the  most  solid  manner,  and  strengthened  by  iron  bands  and  bars.  The  bellows 
employed  are  mostly  of  a  cylindrical  form,  and  their  pistons  worked  either  by  water  or  steam. 
The  blast  holes,  which  are  in  the  upper  part  of  the  crucible,  and  frequently  placed  on 
opposite  sides,  but  so  that  the  two  opposite  currents  may  not  impinge  upon  one  another, 
are  two  in  number.  Openings  are  provided  at  the  lower  part  of  the  crucible  for  the 
discharge  of  the  metal  and  scoria,  and  are  kept  stopped  by  clay  and  sand  upon  the  exterior 
when  the  furnace  is  in  operation.  The  reduction  is  commenced  by  gradually  heating  up 
the  furnace  until  capable  of  being  entirely  filled  with  fiiel,  and  then,  as  its  contents  begin  to 
sink,  alternate  changes  of  ore,  mingled  with  Jlux,  and  of  charcoal  and  coke,  are  t^ded. 
The  blast  is  now  let  on,  and  the  metal  in  the  ore,  parting  with  its  oxygen,  flows  by  degrees, 
subsiding  to  the  bottom  of  the  crucible,  covered  with  a  melted  dag,  which  is  occasionally 
let  oflT  by  removing  the  clay  fit>m  one  or  more,  if  necessary,  apertures  in  the  crucible ; 
and  on  the  bottom  of  the  furnace  becoming  filled  with  the  metal,  which  generally  occurs 
after  nine  to  twelve  hours,  the  iron  itself  is  discharged  by  one  of  these  openings  into  a  fosse 
of  sand  mixed  with  clay.  When  the  iron  has  flowed  out  the  aperture  is  again  closed,  and 
by  this  method  the  furnace  is  kept  in  constant  action. 

1757.  Limestone  of  the  best  quality  is  employed  as  a  flux  to  assist  the  fusion  of  the 
ore,  which  it  accomplishes  by  vitrefying  the  earths  wherewith  it  is  mixed  up  with  the  oxide 
of  iron.  The  iron  when  run  out  from  the  blast  furnace  in  the  state  of  cast  iron  is  far 
from  being  in  a  pure  state,  having  a  coarse  grain,  and  being  brittle.  In  its  conversion  to 
bar  iron,  it  imdergoes  one  of  the  two  following  processes,  as  charcoal  or  coke  may  be  em- 
ployed. In  the  former  case  a  furnace  much  resembling  a  smith's  hearth  is  used,  having  a 
sloping  cavity  sunk  from  ten  to  twelve  inches  below  the  blast  pipe.  After  the  cavity  has 
been  filled  with  charcoal  and  scoria,  a  pig  of  cast  iron,  well  covered  with  hot  fiiel,  is  placed 
opposite  the  blast  pipe.  The  blast  being  introduced,  the  pig  of  iron  lying  in  the  very 
hottest  part  soon  begins  to  melt,  and  runs  down  into  the  cavity  below,  where,  being  out  of 
the  influence  of  the  blast,  it  becomes  solid,  and  is  replaced  in  its  former  position,  and  the 
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eayity  is  again  filled  with  charcoal.  It  is  there  again  fused,  and  so  on  a  third  time,  all 
these  processes  being  accomplished  in  three  or  four  hours.  The  iron,  thus  again  solid,  is 
taken  out,  and  very  slightly  hanmiered,  to  free  it  from  the  attached  scoria ;  after  this  it 
is  returned  to  the  furnace,  in  a  corner  whereof  it  is  stacked,  out  of  the  action  of  the  blast, 
and  well  covered  with  charcoal,  where  it  remains  g^radually  to  cool  until  sufficiently  com- 
pact to  bear  the  liltf  or  trip  hammert  which  is  moved  by  machinery,  and  whose  weight  is 
from  600  to  1 200  lbs.  Thus  it  b  beaten  till  the  scoria  are  forced  out,  when  it  is  divided 
into  several  portions,  which,  by  repeated  heating  and  hammering,  are  drawn  into  bars,  in 
which  state  it  is  ready  for  sale. 

1 758.  There  are  various  methods  of  procuring  the  blast,  which  we  think  it  unnecessary 
here  to  detail :  the  first,  and  most  ancient,  are  by  means  of  beUows ;  the  latest,  which  has 
been  found  in  the  mining  districts  to  be  a  contrivance  of  great  importance,  is  the  placing  a 
series  of  vanes  attached  to  an  axis,  which  are  made  to  revolve  in  a  box  with  great  rapidity. 
A  pipe  passing  from  the  outside  of  the  box  to  the  furnace  conveys  the  air  to  it  as  the  vanea 
revolve,  a  new  portion  continually  entering  by  a  hole  at  the  axis. 

1 759.  The  proportion  of  pig  or  cast  iron  from  a  given  quantity  of  ore  varies  as  the  dif- 
ference in  the  metallic  contents  of  different  parcels  of  ore  and  other  circumstances,  but  the 
quantity  of  bar  obtained  firom  pig  iron  is  not  valued  at  more  than  20  per  cent. 

1760.  The  other  process  for  manufacturing  bar  iron,  which  is  that  chiefly  employed  in 
this  country,  is  conducted  in  reverberatory  furnaces,  usually  called  puddling  Jumaeet,  The 
operation  begins  with  the  fusion  of  the  cast  iron  in  refinery  furnaces,  like  the  one  above 
described.  When  the  iron  is  fully  melted,  a  tap-hole  is  opened  in  the  crucible,  and  the 
metal  and  slag  flow  out  together  into  a  fosse  covered  with  clay  well  mixed  with  water,  by 
which  a  coating  is  fi>rmed  that  prevents  the  metal  from  sticking  to  the  ground.  The  finer 
metal  forms  a  slab  about  ten  feet  long,  three  feet  broad,  and  from  two  to  two  and  a  half  inches 
in  thickness.  For  the  purpose  of  slightly  oxidizing  it,  and  to  make  it  brittle,  it  is  much 
sprinkled  over  with  cold  water.  In  this  part  of  the  process  it  loses  in  weight  from  1 2 
to  1 7  per  cent  After  this,  it  is  broken  up  into  pieces,  and  placed  on  the  hearth  of  a  re- 
verberatory furnace,  in  portions  heaped  up  to  its  sides  in  piles  which  rise  nearly  to  the 
roof,  leaving  a  space  open  in  the  middle  to  give  room  for  puddling  the  metal  as  it  flows- 
down  in  streams.  When  the  heat  of  the  furnace  has  brought  it  to  a  pasty  state,  the  tem- 
perature is  reduced,  a  little  water  being  sometimes  thrown  on  the  melted  nuiss.  The  semi- 
liquid  metal  is  stirred  up  by  the  workman  with  his  puddle,  during  which  it  swells,  and 
parts  with  a  large  quantity  of  oxide  of  iron,  which  burns  with  a  blue  flame,  so  that  the 
mass  appears  ignited.  As  it  refines,  the  metal  becomes  less  fusible^  or,  as  the  workmen  say, 
it  begins  to  dry.  The  puddling  goes  on  until  the  whole  charge  assumes  the  form  of  an  in- 
coherent sand,  when  the  temperature  is  gradually  increased  to  give  it  a  red  white  heat,  at 
which  period  the  particles  begin  to  agglutinate,  and  the  charge,  in  technical  language, 
vporkM  heavy.  The  refining  is  now  considered  finished,  and  the  metal  has  only  to  be  formed 
into  balls,  and  condensed  under  the  rolling  cylinder.  From  this  state  it  is  brought  into 
mitt  bar  iron.  After  this  last  operation,  several  pieces  are  welded  together,  firom  which  it 
acquires  ductility,  uniformity,  and  cohesion.  A  lateral  welding  of  four  pieces  together 
now  follows,  and  the  mass  passes  through  a  series  of  cylinders  as  in  the  first  cas^  and 
becomes  English  bar-iron. 

1 761.  The  lamination  of  iron  into  sheets  is  by  a  refinery  fiirnace,  with  a  charcoal  instead 
of  a  coke  fire. 

1 762.  Malleable  iron  is  often  obtained  from  the  ores  directly,  by  one  fusion,  if  the  me- 
tallic oxide  be  not  too  much  mixed  with  foreign  substances.  It  is  a  mode  of  working 
much  more  economical  than  that  above  described,  and  from  the  circumstance  of  its  having 
been  long  known  and  used  in  Catalonia,  it  is  known  by  the  name  of  the  method  of  the  Caia- 
hnian  forge.  The  furnace  employed  is  similar  to  the  refiner*s  forge  already  described. 
The  crucible  is  a  kind  of  semicircular  or  oblong  basin,  eighteen  inches  in  diameter,  and 
eight  or  ten  in  depth,  excavated  in  an  area,  or  small  elevation  of  masonry,  eight  or  ten  feet 
long,  by  five  or  six  broad,  and  covered  in  with  a  chimney.  The  tuyere  is  placed  five  or  six 
inches  above  the  basin,  inclining  a  little  downwards,  and  the  blast  is  received  from  a  water 
blowing  machine.  The  first  step  consists  in  expelling  the  water  combined  with  the  oxide, 
as  well  as  the  sulphur  and  arsenic  when  these  are  present.  This,  as  usual,  is  done  by 
roasting  in  the  open  air,  after  which  it  is  reduced  to  a  tolerably  fine  powder,  and  thrown  at 
intervals  by  shovek-full  upon  the  charcoal  fire  of  the  forge  hearth,  the  sides  and  bottom  of 
the  basin  being  preriously  lined  with  hraaquee  (coats  of  pounded  charcoal).  It  gradually 
softens  and  unites  into  lumps  more  or  less  coherent,  which  finally  melt  and  accumulate  in 
the  bottom  of  the  crucible  or  basin.  A  thin  slag  is  occasionally  let  off  from  the  upper 
surfiwe  of  the  melted  metal  in  the  basin  through  holes  which  can  be  closed  and  opened  at 
the  discretion  of  the  workman.  The  melted  iron  preserves  a  pasty  condition  owing  to  the 
heat  communicated  from  above.  When  a  mass  sufiBcienUy  great  has  accumulated,  it  is  re- 
moved, put  under  the  hammer,  and  forged  at  once.  A  lump,  or  bloom,  of  malleable  iron 
is  thus  produced  in  the  space  of  three  or  four  hours.     Four  workmen  are  employed  at  one 
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forge,  and  by  being  relieved  every  six  hours,  they  are  enabled  to  make  86  ewt.  of  iron  per 
week.  In  the  Catalonian  forge,  100  lbs.  of  iron  are  obtained  from  SOOlbs.  of  ore  (a  mix- 
ture of  sparry  iron,  or  carbonate  and  hemalite),  and  310  lbs.  of  charcoal,  being  a  produce 
of  33  per  cent. 

1763.  A  visit  to  some  of  the  iron  districts  is  necessary  fully  to  understand  the  processes 
we  have  above  shortly  described ;  but  the  founding  of  iron  may  be  well  enough  observed  in 
the  metropolis,  though  not  on  so  large  a  scale  as  in  some  of  the  provinces. 

1 764.  The  sand  employed  in  casting  is  of  a  soft  vellow  and  clammy  nature,  over  which, 
in  the  mould,  charcoal  is  strewed.  Upon  the  sand  properly  prepared,  the  wood  or  metal 
models  of  what  is  intended  to  be  cast  are  applied  to  the  mould,  and  pressed  so  as  to  leave 
their  impression  upon  the  sand.  Canals  are  provided  for  the  metal,  when  melted,  to  run 
through.  After  the  frame  is  finished,  the  patterns  are  taken  out  by  loosening  them  all 
round,  that  the  sand  may  not  give  way.  The  other  half  of  the  mould  is  then  worked  with 
the  same  patterns,  in  a  similar  frame,  but  having  pins  which,  entering  into  holes  that  cor- 
respond to  it  in  the  other,  cause  the  two  cavities  of  the  pattern  exactly  to  &11  on  each  other. 
The  frame  thus  moulded  comes  now  under  the  care  of  the  melter,  who  prepares  it  for  the 
reception  of  the  metal. 

1 765.  All  castings  should  be  kept  as  nearly  as  possible  of  the  same  bulk,  in  order  that 
the  cooling  may  take  place  equably.  It  is  of  importance  to  prevent  air  bubbles  in  castings, 
and  the  more  time  there  is  allowed  for  cooling  the  better,  because  when  r^idly  cooled,  the 
iron  does  not  become  so  tough  as  when  gradually  cooled. 

1 766.  In  making  patterns  for  cast  iron,  an  allowance  should  be  made  of  about  one 
eighth  of  an  inch  per  foot  for  the  contraction  of  the  metal  in  cooling.  And  it  may  be  also 
requisite  that  the  patterns  should  be  slightly  bevelled,  that  they  may  be  drawn  out  of  the 
sand  without  injuring  the  impresuon ;  for  this  purpose  a  sixteenth  of  an  inch  in  six  inches 
is  sufficient. 

1767.  The  security  afforded,  not  only  for  supporting  weight,  but  against  fire,  has,  of  late 
years,  very  much  increased  the  use  of  it,  and  may  in  many  cases  entirely  supersede  the  use 
of  timber.  Again,  it  is  valuable  from  its  being  not  liable  to  sudden  decay,  nor  soon  de- 
stroyed by  wear  and  tear,  and,  above  all,  from  its  plasticity. 

1768.  Soft  grey  cast  iron  is  the  best  sort ;  it  yields  easily  to  the  file  when  the  external 
crust  is  removed,  and  is  slightly  malleable  in  a  cold  state.  It  is,  however,  more  subject  to 
rust  than  the  white  cast  iron,  which  sort  is  also  less  soluble  in  acids.  Hence  the  white 
sort  may  be  employed  where  hardness  is  necessary  and  brittleness  not  a  defect.  Grey  cast 
iron  has  a  granulated  fracture  with  some  metallic  lustre,  and  is  much  softer  and  tougher 
than  the  white  cast  iron.  The  white  cast  iron  in  a  recent  fracture  has  a  white  and  radiated 
appearance,  indicating  a  crystalline  structure. 

1 769.  The  most  certain  test  of  the  goodness  of  a  piece  of  cast  iron  is  by  striking  the  edge 
with  a  hammer,  which  if  it  make  a  slight  impression,  denoting  some  degree  of  malleability, 
the  iron  is  of  a  good  quality.  It  is  important  in  any  casting  to  have  the  metal  as  unifi>rm  as 
possible,  and  not  of  different  sorts,  for  different  sorts  will  riirink  differently,  and  thus  will 
be  caused  an  unequal  tension  among  the  parts  of  the  metal,  which  will  impair  its  strength : 
and,  beyond  this,  an  unevenness  is  produced  by  such  mixture  in  the  casting,  for  different 
sorts  can  never  be  perfectly  blended  together. 

1 770.  It  is  well  known,  also,  that  iron  varies  in  strength,  not  only  in  samples  from  dif- 
ferent furnaces,  but  even  firom  the  same  frimace  and  the  same  melting.  This,  however,  seems 
owing  to  some  imperfection  in  the  casdng,  notwithstanding  which,  it  is,  when  well  mixed, 
capable  of  resisting  the  greatest  stresses  in  mill  and  engine  work. 

1771.  The  transverse  strength  of  cast  iron,  as  of  any  other  body,  is  that  power  which  it 
exerts  in  oppoong  a  force  acting  in  a  direction  perpendicular  to  its  length,  as  in  the  case 
of  beams,  levers,  and  the  like  It  is  well  known  that  the  transverse  strengths  of  beams,  &c. 
are  inversely  as  their  lengths,  and  directly  as  their  breadths  and  the  squares  of  their  depths. 
If  cylinders,  that  they  are  as  the  cubes  of  their  diameters.  Thus,  if  a  beam  6  feet  long, 
3  inches  broad,  and  4  inches  deep,  will  bear  5000  lbs.,  another  of  the  same  scantling,  and 
double  the  length,  will  only  bear  2500  lbs.,  being  inversely  as  the  lengths.  So,  if  a  beam 
6  feet  long,  2  inches  broad,  and  4  inches  deep  will  support  a  weight  of  5000  lbs.,  another 
beam  of  Uie  same  material,  twice  the  breadth,  that  is,  4  inches,  will  support  10,000  lbs., 
that  is,  double,  being  directly  as  the  breadths ;  but  a  beam  of  the  same  material  6  feet  long, 
2  inches  broad,  and  8  inches  deep,  will  sustain  20,000  ll)s.,  being  as  the  squares  of  their 
depths.  From  a  mean  of  several  experiments  on  cast  iron,  it  may  be  assumed  that  the  ulti- 
mate or  breaking  strength  of  a  bar  of  cast  iron  1  inch  square  and  1  foot  long,  loaded  in  the 
middle,  was  2580  lbs. ;  and  taking  one  third,  or  860  lbs.,  as  the  weight  which  will  not  destroy 
its  elasticity,  we  thus  obtain  constants  for  guiding  us  in  the  ordinary  computations  for  the 
siies  of  girders,  beams,  bressummers,  &t.     The  strongest  form  of  the  section  of  a  beam  to 

resist  a  cross  strain  is  this  j},.  We  do  not  however  think  it  here  necessary  to  give  much 
more  than  the  rules  for  finding  their  breadths  and  depths,  considered  as  simple  figures. 
The  principles  on  which  the  rules  subjoined  are  founded  may  be  seen  in  Gr^ory*s  M»>- 
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ekamett  and  Barlow  On  the  Strength  of  Maitrials,  but  divested,  certainly,  of  the  refinement 
of  Dr.  T.  Young's  Moduhta  of  Ekutieity,  and  some  other  matters,  which  we  cannot  help 
thinking  unnecessary  in  a  subject  where,  after  exhausting  all  the  niceties  of  the  question,  a 
very  large  proportion  of  weight  is  still  considered  too  much  for  the  constant  load  to  be  im- 
posed on  the  examples. 

1772.  Phoblsm  I.  To  find  the  ultimate  strength  of  a  rectangular  beam  of  cast  iron  sup- 
ported at  both  ends,  and  loaded  in  the  middle,  we  have  only  to  multiply  the  breadth  into 
the  square  of  the  depth,  and  that  again  by  the  constant  2580,  and  the  last  product  divided 
by  the  length  in  feet  will  be  a  quotient  expressing  the  weight  in  pounds  averdupois, 
nearly. 

Example.  What  weight  will  break  a  cast  iron  beam  2  inches  broad,  6  inches  deep,  and 
1 5  fi?et  between  the  supports  ? 

Here  ^."s?^- 1 2384  lb* 

If  a  beam  be  supported  at  the  middle  and  loaded  at  each  end,  it  will  bear  the  same  weight 
as  when  supported  at  both  ends  and  loaded  in  the  middle.  It  may  be  here  observed,  that 
the  following  rules  hold  good  for  inclined  as  well  as  horizontal  beams,  if  the  horizontal  dis- 
tance between  the  supports  be  taken  for  the  bearing. 

1773.  Problsm  2.  To  find  the  ultimate  strength  of  a  cast  iron  beam  when  the  weight  is 
placed  somewhere  between  the  middle  and  the  rad.  Multiply  twice  the  length  of  the  longer 
end  by  twice  the  length  of  the  shorter  end,  which  divided  by  the  product  will  give  the 
eflfectual  length.  Using  the  effectual  length  thus  found  as  the  length  in  Problem  1.,  the 
question  may  be  answered. 

Example.  What  is  the  ultimate  strength  of  a  cast  iron  beam  15  feet  between  the 
supports,  2  inches  wide,  and  6  inches  deep,  the  weight  being  placed  at  5  feet  firom 
one  end  ? 

Here  <^S^?^-13-3S  effective  length,  imd  ^?|^- 13934  lb.. 

In  the  case  of  any  beam  fixed  at  one  end  and  loaded  at  the  other,  it  is  known  that  it 
will  boar  only  one  fourth  of  the  weight  it  will  bear  in  the  middle  when  supported  at  both 
ends.     Thus  for 

Example.  What  weight  will  break  a  cast  iron  beam  2  inches  wide  and  6  inches  deep, 
projecting  1 5  feet  from  the  point  of  support? 

Here  ^^«'*^« 3096  lbs.  (See  Prob.  1.) 

1 774.  The  above  rules  are  equally  applicable  to  beams  whose  forms  are  cylindrical, 
except  that  in  such  case  the  absolute  strength  of  a  round  bar  (for  which  in  that  of  cast  iron 
the  constant  is  for  the  breaking  weight  2026,  one  third  whereof  is  675  for  cast  iron)  is 
found  by  multiplying  by  the  cube  of  the  diameter  instead  of  by  the  breadth  and  square  of 
the  depth. 

Example.  What  is  the  ultimate  transverse  strength  of  a  cast  iron  cylinder  15  feet  long 
and  6  inches  diameter  ? 

Here  ?»^=371S2  \U. 

In  the  case  of  a  hollow  shaft  of  cast  iron  of  the  same  length  as  in  the  last  example,  whose 
diameter  is  9  inches,  but  whose  cross  sectional  area  is  the  same  as  a  solid  cylinder  6  inches 
diameter,  

We  have  -v/9«-6«=6-708,  and  9>-6'7083«426-9. 

Then   ?^;^5*^  =73,427  lbs. 

1775.  The  following  points  relative  to  loads  on  beams  are  to  be  here  noted.  I.  If  any 
beam  be  fixed  at  both  ends,  when  loaded  in  the  middle,  it  is  capable  of  bearing  one  half 
more  than  it  will  if  both  ends  are  loose.  II.  If  loose  at  both  ends,  and  the  weight  be 
applied  uniformly  along  its  length,  it  will  support  double.  III.  If  it  be  fixed  at  both  ends, 
and  the  weight  be  applied  uniformly  along  its  length,  it  is  capable  of  bearing  triple  the 
weight. 

1776.  In  cases  where  beams  of  cast  iron  are  intended  to  support  a  permanent  weight, 
the  application  of  the  following  problem  is  necessary,  in  which  860,  or  one  third  of  the 
breaking  weight,  is  used. 

1777.  Problem  III.  To  find  the  breadth  or  depth  of  beams  which  shall  support  a  given 
permanent  weight.  The  length  between  the  supports  must  be  multiplied  by  the  weight  to 
be  supported  in  pounds,  and  the  product  divided  by  one  third  (860)  of  the  ultimate  strength 
of  an  inch  bar  multiplied  by  the  square  of  the  depth,  and  the  quotient  will  be  the  breadth. 
If  multiplied  by  the  breadth,  the  quotient  will  be  the  square  of  the  depth,  both  in  inches. 

Example.   What  should  be  the  breadth  of  a  cast  iron  beam  15  feet  long  and  6  inches 
deep,  to  support  3  tons  in  the  middle  ?    (3  tons  ^  6720  lbs.) 
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Here  ^^^=3-25  inches,  fall. 

Example.  What  depth  should  be  given  to  a  cast  iron  beam  3*25  inches  broad  and  15 
feet  long,  to  hw  a  permanent  weight  of  3  tons  in  the  middle  ? 

Here  ^^^.g^as  36*06,  whose  square  root  is  6  inches. 

Example.  Suppose  a  cast  iron  beam  1 5  feet  long  and  6  inches  deep,  made  fitst  at  both 
ends,  to  be  loaded  with  a  permanent  weight  of  3  tons  in  the  middle,  what  should 
be  its  breadth  ? 

f)720x  15 

Here,  from  the  last  problem,  ggoTsSxTS"^*^'^  inches. 

A  beam  when  fixed  at  one  end  and  loaded  at  the  other  is  known  to  bear  only  one  fourth 
of  the  weight ;  one  quarter  of  the  divisor  must  therefore  be  taken,  or,  which  is  the  same, 
it  may  be  multiplied  by  *25. 

Example.  What  should  be  the  depth  of  a  beam  3  inches  broad,  to  project  10  feet  from 
a  wall,  and  to  be  loaded  with  a  weight  of  3  tons  =  6720  lbs.  ? 

^®'®  8^x3x^-25 ~ ^^*  whose  square  root  =  1 0*1 9  inches. 
When  the  weight  is  not  placed  in  the  middle  of  the  beam,  the  effective  length  must  be  ob- 
tained as  in  Problem  1. 

Example.  What  depth  should  be  assigned  to  a  cast  iron  beam  1 5  feet  long  and  3 
inches  broad,  to  support  a  weight  of  3  tons  b 67 20  lbs.,  5  feet  from  one  end  ? 

Here  <i^iM|ii21«I«  13.33,  effective  length  of  the  beam. 

And   -^60x^3 ~~  =34*7,  whose  square  root  5*9  inches,  nearly. 

The  strength  of  cast  iron  to  wrought  iron  is  as  9  to  14,  nearly. 

N.  B.  AH  the  above  rules  may  be  applied  in  conunon  practice  to  find  the  scantlings 
of  beams  by  using  the  following  fectors  instead  of  that  of  cast  iron,  such  fectors  being  the 
ultimate  transverse  strengths  of  a  bar  1  inch  square  and  1  foot  long  of  the  different  sorts 
of  timber  to  which  they  are  attached. 

Ash  ...  1137,  one  third  whereof  is  379 

Pitch  pine  -  -     916  —  305 

Oak  -  -  .     800  —  209 

Elm  .  -  -     569  —  149 

Fir  -  -  '566  —  148 

1778.  The  greatest  variable  load  on  a  floor,  except  in  public  rooms,  seldom  exceeds 
1 20  lbs.  to  the  square  foot,  whence  the  reader  may  form  a  pretty  accurate  notion  of  the 
quantity  of  strain  against  which  he  has  to  provide. 

1779.  The  cohesive  strength  of  cast  iron,  from  some  of  the  latest  experiments,  was  found 
in  horizontal  casting  to  be  equal  to  1 8,656  lbs.  per  square  inch,  and  in  vertical  casting 
19,488  lbs.  to  the  square  inch.  One  third,  therefore,  of  18,656=6219  may  be  used  as  the 
fector  in  computations  of  the  permanent  cohesive  strength  of  cast  iron.  In  English  wrought 
iron  the  experiment  g^ves  55,872  lbs.  for  the  cohesive  strength  per  square  inch  of  English 
wrought  iron,  and  for  Swedish,  72,064  lbs.  per  square  inch.  If,  therefore,  it  be  re- 
quired to  find  the  ultimate  cohesive  strength  of  bars  of  cast  or  wrought  iron,  the  area  of 
their  section  being  found,  and  multiplied  by  the  relative  cohesive  strengths  above  moi. 
tioned,  the  product  will  be  the  ultimate  cohesive  strength,  nearly.    Thus  for 

Example.  What  is  the  cohesive  power  of  a  bar  of  cast  iron  1^  inch  square? 

Here  1*5  x  1*5  x  18656  =  41 976  lbs.,  nearly. 
If  the  weight  to  be  sustained  be  given,  and  the  sectional  dimensions  of  the  bar  be  re- 
quired, we  must  divide  the  weight  given  by  one  third  of  the  cohesive  strength  of  an  inch 
bar,  and  the  square  root  of  the  quotient  wUl  be  the  side  of  the  square. 

Example.   What  dimension  must  be  given  to  the  side  of  a  square  bar  of  Swedish  iron 

to  sustain  a  permanent  weight  of  18,000  lbs.,  -  3— =24,021  lbs.  being,  as  above 
mentioned,  the  permanent  load  a  square  inch  will  sustain. 

Here  V^^^-  '86,  or  {  of  an  inch  square. 

If  the  section  be  rectangular,  the  quotient  must  be  divided  by  the  breadth. 

Example.  If  the  breadth  of  an  English  wrought  iron  bar  which  is  required  to  carry 
3000  lbs.  be  2}  inches,  required  its  thickness.     The  permanent  cohesive  strength 

-^-18624. 

Here  ^^»'161,  and   161 +2*5= '064  of  an  inch  in  thickness. 

1 78Q.  The  power  of  the  resistance  to  compression  was  heretofore  very  much  overrated. 
It  has  been  well  ascertained  by  experiment,  that  a  force  of  93,000  lbs.  upon  a  square  inch 
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will  crush  it;  and  that  it  will  bear  15300  upon  a  square  bch  without  permanent  alter- 
ation.    The  weight  of  oast  and  bar  iron  is  as  foUows : 

Weight  of  a  cubic 
foot  In  pound*. 

450-5 

486*8 


Cast    - 

Bar      - 


Weight  of  a  cubic 
foot  in  ounces. 

-  7207 

-  7788 


Weight  of  a  cubic 
inch  In  pounds. 

0-S60 

0-281 


S«CT.   VI. 


LKAD. 


1781.  Lead,  the  heaviest  of  the  metals  except  gold  and  quicksilver,  is  found  in  most 
parts  of  the  world.  It  is  of  a  bluish  white  when  first  broken,  is  less  ductile,  elastic,  and 
sonorous  than  any  of  the  other  metals,  its  specific  gravity  being  from  1 1 300  to  1 1479,  and  a 
cubic  foot,  therefore,  weighing  about  710  lbs.  It  is  soluble  in  all  acids  and  alkaline  solu- 
tions, fusible  before  ignition,  and  easily  calcined.  The  ore,  which  is  easily  reduced  to  the 
metallic  state  by  fusion  with  charcoal,  is  found  mineralised  with  sulphur,  with  a  slight 
mixture  of  silver  and  antimony,  in  diaphanous  prismatical  crystals,  generally  hexagonal, 
white,  yellowish,  or  greenish,  in  Somersetshire,  about  the  Mendip  IliUs.  About  Bristol, 
and  in  Cumberland,  it  takes  the  form  of  a  white,  grey,  or  yellowish  spar,  without  the  least 
metallic  appearance ;  in  some  places  it  is  in  a  state  of  white  powder  or  native  ceruse  ;  and 
in  Monmouthshire  it  has  been  found  native,  or  in  a  metallic  state. 

1782.  Exposure  to  air  and  water  does  not  produce  much  alteration  in  lead,  though  it 
quickly  tarnishes  and  acquires  a  white  rust,  by  which  the  internal  parts  are  defended  from 
corrosion.  Pure  water,  however,  does  not  alter  it ;  hence  the  white  crust  on  the  inside  of 
lead  pipes  through  which  water  flows  must  probably  be  owing  to  some  saline  particles  in 
the  water.  Lead  will  form  an  union  with  most  other  metals  :  one  exception,  however,  is 
iron.  Next  to  tin,  it  is  the  most  fusible  of  metals.  It  is  run  from  the  furnace  into  moulds 
which  form  what  are  called  pigtt  from  which  it  is  run  into  sheets,  pipes,  &c. 

1 78S.  Sheet  lead  is  of  two  sorts,  ca$t  and  miUed,  The  thicker  sort  of  the  former,  or  the 
common  cast  sheet  lead,  is  manufiMtured  by  casting  it  on  a  long  table  (with  a  rising  edge 
all  round  it)  from  18  to  20  feet  in  length,  which  is  covered  with  fine  pressed  sand  beaten 
and  smoothed  down  with  a  strike  and  smoother's  plane.  The  pig  lead  is  melted  in  a  large 
vessel,  near  this  table,  and  is  ladled  into  a  pan  of  the  shape  of  a  common  triangular  prism, 
whose  length  is  equal  to  the  width  of  a  sheet,  from  which  pan  it  is  poured  on  to  the  table 
or  mould.  Between  the  surfSuse  of  the  sand  and  the  atrilte,  which  rides  upon  the  edges  of 
the  table,  a  space  is  left  which  determines  the  thickness  of  the  sheet  The  strike  bears 
away  the  superfluous  liquid  lead  before  it  has  time  to  cool,  as  it  moves  by  hand  along  the 
edges  of  the  table  before  mentioned.  When  lead  is  required  to  be  cast  thin,  a  linen  cloth 
is  stretched  on  an  appropriate  table  over  a  woollen  one ;  in  which  case  the  heat  of  the  lead, 
before  spreading  it  on  the  cloth,  must  be  less  than  will  fire  paper,  or  the  cloth  woidd  be 
burnt.     The  stnke  must  for  the  purpose  be  passed  over  it  with  considerable  rapidity. 

1784.  In  manu&cturing  milled  lead,  it  is  usual  first  to  cast  it  into  sheets  from  8  to  10 
feet  long  according  to  circumstances,  but  the  width  is  regulated  by  the  length  of  the  rollers 
through  which  it  is  to  be  passed  in  milling ;  the  thickness  varies  from  2  to  5  inches.  By 
a  mechanical  action  it  is  made  to  pass  through  rollers  whose  distance  from  each  other  is 
gradually  lessened  until  the  sheet  is  reduced  to  the  required  thickness.  For  a  long  time 
a  great  prejudice  prevailed  against  milled  sheet  lead ;  but  it  is  now  generally  considered 
that,  for  the  prevention  of  leakage,  milled  is  far  superior  to  cast  lead,  wherein  inn  Ao2es, 
which  have  naturally  formed  themselves  in  the  casting,  often  induce  the  most  serious  con- 
sequences. 

1785.  Tlie  thickness  of  sheet  lead  varies  from  5  to  12  pounds  in  weight  to  the  superficial 
fbot,  and  is  used  in  covering  large  buildings,  in  flats  or  slopes,  for  gutters,  the  hips,  ridges, 
and  valleys  of  roofe,  the  lining  of  cisterns,  &c.  The  subjoined  table  shows  the  weight  of 
lead  per  superficial  foot  from  one  sixteenth  of  an  inch  to  one  inch  and  a  half  thick :  — 


Thickness.  ^ 

Weight. 

Thickness. 

Weight. 

One  sixteenth  of  an  inch 
One  twelfth 

One  tenth    -            -            - 
One  eighth  -             -             - 
One  sixth     .            .             - 
One  fifth 

Sjlbs. 

5 

6 

n 

10 
12 

One  fourth  of  an  inch 

One  third     - 

One  half      ... 

Three  quarters 

One  inch      -             -            - 

One  inch  and  a  half 

HJlbs. 

19f 

29} 

59 
88) 

Kk 
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Leaden  pipes  are  either  cast  bent,  or  soldered.  To  cast  them,  a  mould  is  made  of  brass, 
wherein  down  the  middle  a  core  of  iron  is  loosely  supported  at  such  a  distance  from  the 
mould  all  round,  as  is  equal  to  the  contemplated  thickness  of  the  pipe.  When  pipes  ar« 
made  by  soldering,  a  core  of  wood  is  provided  round  which  the  sheet  lead  is  rolled,  and 
the  edges  are  brought  together  and  joined  with  $older,  which  is  a  mixture  of  two  parts 
lead  and  one  part  tin. 

1786.  In  cottages  apd  inferior  buildings  the  glazing  is  executed  in  lead  prepared  in  the 
glazier's  mill  from  what  are  called  came$.  These  are  slender  rods  1 2  or  1 4  inches  long, 
and  in  passing  through  the  mill  receive  grooves  on  their  upper  and  under  edges.  Into 
the  grooves  the  panes  or  quarries  of  glass  are  inserted  in  conunon  lead  lights. 


S«CT.  VII. 

COPPBR. 

1787.  Copper,  among  the  first  of  the  metals  employed  by  the  early  nations  of  the  world, 
is  neither  scarce  nor  difficult  to  work  and  extract  from  its  ore.  When  pure  it  is  of  a  pale 
red  colour,  its  specific  gravity  8600^  and  a  cubic  foot  will  weigh  537^  lbs.  ;  the  weight  of  a 
bar  1  foot  long  and  1  inch  square  is  3*81  lbs.  These,  however,  vary  as  it  is  more  or  less 
hammered.  Its  elasticity  and  hardness  are  very  considerable,  and  it  is  so  malleable  that  it 
may  be  hammered  into  fine  leaves.  It  is  also  very  tenacious,  a  wire  of  a  tenth  of  an  inch 
in  diameter  being  capable  of  sustaining  360  lbs. 

1788.  Hiough  the  ore  is  found  in  Cornwall  and  other  parts  of  England,  the  finest  in 
this  country  is  the  Parys  mine  in  Anglesca,  which  yields  principally  the  yellow  sulphu- 
retted ore  of  topper,  to  an  annual  amount  of  from  40,000  to  80,000  tons.  Tliis  ore  usually 
contains  from  one  and  a  half  to  twenty-five  per  cent,  of  copper,  and  is  partly  dug  in  what  are 
called  ptiekagfy  and  partly  blasted  by  gunpowder,  and  then  broken  into  small  pieces  pre- 
vious to  its  being  roasted.  This  operation  is  performed  in  kilns,  whose  shape  has  a  re- 
semblance to  lime-kilns,  in  which  expedients  are  used  for  removing  the  ore  as  it  is  roasted, 
and  adding  fresh  ore.  The  kilns  are  arched  level  with  the  upper  surface  of  the  ore,  and 
adjoining  and  communicating  with  the  kiln  is  the  floor  of  a  condensing  chamber  to  receive 
the  sulphureous  vapours  generated  in  the  kiln,  which  fiUl  down  in  the  form  of  the  finest 
flowers  of  sulphur.  Several  hundred  tons  at  one  time  are  put  into  the  kiln,  and  for  com- 
pleting the  operation  six  months  are  required.  The  ore  is  reduced  to  one  fourth  of  its 
previous  quantity  by  roasting,  and  is  then  washed  and  pressed  to  remove  the  impurities. 
The  richer  ores  are  then  dried,  and  removed  for  smelting  and  refining  in  reverberatory 
frimaces,  fit>m  which  it  is  at  length  produced  in  short  bars  or  pigs.  The  water  which 
filters  through  the  fissures  is  often  highly  impregnated  with  sulphate  of  copper,  and  this 
water  is  pumped  up  into  rectangular  pits  about  thirty  feet  long,  twelve  broad,  and  two  deep, 
to  mix  with  that  in  which  the  roasted  ore  has  been  washed  ;  and  in  it  are  immersed  pieces 
of  iron,  which,  combining  with  the  sulphuric  acid,  precipitate  the  copper  in  the  form  of  a 
red-coloured  powder  slightly  oxidated.  The  precipitate  thus  obtained  very  frequently  gives 
above  50  per  cent  of  pure  copper,  and  is  even  more  profitable  to  the  worker  than  the 
metal  produced  from  the  crude  ore. 

1789.  Sheet  copper  was  formerly  much  used  for  its  lightness  to  cover  roo&  and  fiats ; 
but  it  is  almost  superseded  now  by  the  use  of  zinc,  which  is  much  cheaper,  and  nearly  if 
not  quite  as  durable ;  and  which,  moreover,  is  not  so  liable  to  be  corrugated  by  the  action 
of  the  sun.  Copper  is  reduced  to  sheet  by  being  passed  through  large  rollers,  by  which  it 
can  be  rendered  very  thin.  The  thickness  generally  used  is  from  12  to  18  ounces  to  the 
foot  superficial.  Exposed  to  the  air  its  lustre  is  soon  gone  ;  it  assumes  a  tarnish  of  a  dull 
brown  colour,  gradually  deepening  by  time  into  one  of  bronze  ;  and,  lastly,  it  takes  a  green 
rust  or  calx,  called  patina  by  the  antiquaries,  which,  unlike  the  rust  of  iron,  does  not  in- 
jure and  corrode  the  internal  parts,  confining  itself  to  the  sur&ce,  and  rather  preserving 
than  destroying  the  metal.  Hence,  one  of  the  most  important  applications  of  copper  is  in 
cramps  for  stone  work,  especially  when  they  are  exposed  to  the  air.  It  may  be  here  well 
to  observe,  that  if  water  is  collected  firom  roofr  for  culinary  purposes,  copper  must  not  be 
used  about  them,  neither  should  any  reservoirs  for  collecting  and  holding  it  be  made  of 
that  metaL 

1790.  Alloyed  with  zinc,  it  forms  brass  for  the  handles  of  doors,  shutters,  locks,  drawers, 
and  the  furniture  generally  of  joinery.  The  usual  proportion  is  one  part  of  zinc  to  three 
of  copper ;  than  which  it  is  more  frisible,  and  is  of  a  fine  yellow  colour,  less  liable  to 
tamidi  from  the  action  of  the  air,  and  so  malleable  and  ductile  that  it  can  be  beat  into 
thin  leaves  and  drawn  into  very  fine  wire.  Its  specific  gravity  is  8370,  and  the  weight  of 
a  cubic  foot  is  523  lbs.  The  weight  of  a  bar  1  foot  long  and  1  inch  square  is  3*63  lbs. 
The  extremes  of  the  highest  and  lowest  proportions  of  zinc  used  in  it  are  from  12  to  25 
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per  cent,  of  the  bnas.  Even  with  the  last,  if  well  manufactured,  it  is  quite  malleable, 
although  sine  by  itself  scarcely  yields  to  the  hammer.  The  appearance  of  brass  is  fre- 
.quently  given  to  other  metals  by  washing  them  over  with  a  yellow  lacquer  or  varnish. 

1791.  Copper  with  zinc  in  the  proportion  of  one  tenth  to  one  fifth  of  the  whole  forms  a 
composition  called  bronze  or  bell-metal,  used  in  the  fbundery  of  statues,  bells,  cannons,  &c. 
When  tin  forms  nearly  one  third  of  the  alloy,  a  beautiAil  white  close-grained  brittle  metal 
is  formed,  susceptible  of  a  very  high  polish,  which  b  used  for  the  specula  of  reflecting 
telescopes. 


Sect.  VIII. 

ZINC. 


1792.  Zinc  is  found  in  all  quarters  of  the  globe.  In  Great  Britain  it  is  abundant, 
though  therein  never  found  in  a  native  state.  It  usually  contains  an  admixture  of  lead 
and  sulphur.  When  purified  from  these,  it  is  of  a  blue  light  colour,  between  lead  and  tin, 
inclining  to  blue.  The  ore,  after  being  hand-dressed  to  free  it  from  foreign  matter,  is 
roasted,  by  which  the  sulphur  of  the  calamine  and  the  acid  of  the  blende  are  expelled. 
The  product  is  then  washed  to  separate  the  lighter  matter,  and  the  heavy  part  which 
remains  is  mixed  with  one  eighth  of  its  weight  of  charcoal.  The  mixture,  being  reduced 
in  a  mill  to  a  powder,  is  placed  in  the  pots,  resembling  oil  jars,  to  be  smelted.  A  tube 
passes  through  the  bottom  of  each,  the  upper  end  being  terminated  by  an  open  mouth 
near  the  top  of  the  pot,  and  the  lower  end  going  through  the  floor  of  the  furnace  into 
water.  The  pots  being  filled  with  the  mixture  of  ore  and  charcoal,  an  intense  heat  is 
i4}plied  to  them  by  means  of  a  furnace,  by  which,  as  the  ore  is  reduced,  the  zinc  is  volatil- 
ized, and  escapes  through  the  tube  into  the  water,  wherein  it  falls  in  globules,  which  are 
afterwards  melted  and  cast  into  moulds.  Thus  procured,  however,  it  b  not  pure,  as  it 
almost  invariably  contMns  iron,  manganese,  arsenic,  and  copper.  In  order  to  free  it  from 
these,  it  b  ag^n  melted  and  stirred  up  with  sulphur  and  fat,  the  former  whereof  combines 
with  the  heterogeneous  metals,  leaving  the  zinc  nearly  pure,  and  the  latter  preventing  the 
metal  from  being  oxidated. 

1 793.  Under  rollers  at  a  high  temperature,  zinc  may  be  extended  into  plates  of  great 
tenuity  and  elasticity,  or  drawn  into  wire.  These  rollers  are  from  2  feet  8  inches  to  6  feet 
in  length,  and  the  original  thickness  of  the  plate  subjected  to  them  is  about  1  inch.  A  wire, 
one  tenth  of  an  inch  diameter,  will  support  26  pounds.  If  zinc  be  hammered  at  a  temper- 
ature of  SOO'^,  its  malleability  b  much  increased,  and  it  becomes  capable  of  much  bending. 
Its  fracture  b  thin,  fibrous,  and  of  a  grain  similar  to  steel.  It  can  be  drawn  into  wire  ^  th 
of  an  inch  in  diameter,  which  is  nearly  as  tenacious  as  that  of  silver.  The  specific  gravity 
is  somewhat  below  Ti),  but  hammering  increases  it  to  7*2.  When  heated,  it  enters  into 
fusion  at  a  heat  of  about  680°  or  700^ :  at  a  higher  temperature  it  evaporates ;  and  if 
access  of  air  be  not  permitted,  it  may  be  distilled  over,  by  which  process  it  is  rendered 
purer  than  before,  although  not  then  perfectly  pure.  When  heated  red  hot,  with  access  of 
air,  it  takes  fire,  bums  with  an  excee^gly  beautiful  greenish  or  bluish  flame,  and  b  at 
the  same  time  converted  into  the  only  oxide  of  zinc  with  which  we  are  acquainted,  con- 
sisting of  23*53  parts  of  oxygen  combined  with  100  of  metaL 

1 794.  On  the  first  introduction  of  zinc  into  thb  country  as  a  material,  the  trades  with 
which  it  was  likely  to  interfere  used  every  exertion  to  prevent  its  employment ;  and,  indeed, 
the  workmen  who  were  engaged  in  laying  it,  being  chiefly  tinmen,  were  incompetent  to  the 
task  of  so  covering  roofs  as  to  secure  them  from  the  effects  of  the  weather.  Hence,  for 
a  considerable  period  after  its  first  employment,  great  reluctance  was  manifested  by  archi- 
tects in  its  introduction.  A  demand  for  it  has,  however,  gradually  increased  of  late,  and 
the  comparatively  high  prices  of  lead  and  copper  will  not  entirely  account  for  the  dbparity 
of  consumption.  In  France,  in  the  year  1836,  the  quantity  consumed  exceeded  12,000 
tons,  whibt,  in  the  same  year,  in  England  the  consumption  amounted  only  to  between 
9000  and  3000  tons. 

1 795.  Zinc,  though  subject  to  oxidize,  has  this  peculiarity,  that  the  oxide  does  not  scale 
off  as  that  of  iron,  but  forms  a  permanent  coating  on  the  metal,  impervious  to  the  action 
of  the  atmosphere,  and  rendering  the  use  of  paint  wholly  unnecessary.  Its  expansion  and 
contraction  b  greater  than  those  of  any  other  metal :  thus,  supposing  1  "OOSO  to  represent 
the  expansion  of  it,  1  "001 9  b  that  of  copper,  and  1  <X)28  that  of  lead  *,  hence,  in  use,  proper 
attention  must  be  paid  to  the  circumstance,  or  a  substantial  and  durable  covering  of  zinc 
will  not  be  obtained.  Tlie  method  of  accomplbhing  thb  is,  of  course,  by  always  allowing 
plenty  f^play  in  the  lap*. 

1796.  The  tenacity  of  zinc  to  lead  b  as  16*616  to  3*328,  and  to  copper  as  16*616  to 
22*570  ;  hence  a  given  substance  of  zinc  b  equal  to  five  times  the  same  substance  in  lead, 
and  about  three  fourths  of  copper.     The  sheets  in  general  use  are  12,  14,  16,  18,  and  20 
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ounces  to  the  foot  superficial ;  and  as  18  thicknesses  of  16  ounces  to  the  foot  are  half  an 
inch  thick,  the  following  show  the  thicknesses  of  the  different  weights :  — 

Plates  or  sheeU  of  10  ounces  to  the  foot  are  0*061 1  inch  thick. 

12  —  0O457 

14  —  0O534 

Ig  —  0*0611     -  -     «=iofaninch. 

18  —  0-0686 

20  —  0-0761 

The  comparative  weights  of  the  different  materials  used  in  covering  buildings  may  be 
rouglily  stated  as  follows :  — 

A  square  of  pantiling  will  weigh  about     7\  cwt. 
plain  tiling  —  HJ  cwt. 

slating  (a  mean)    —  6\  cwt. 

lead  —  5    cwt. 

zinc  (15  oz.)  —  1     cwt. 

And  as  the  timbers  employed,  of  course,  are  less  in  dimension  as  the  weight  diminishes, 
it  follows  that  a  less  quantity  of  timber  is  requisite  when  zinc  can  be  employed. 

1 797.  It  is  a  good  material  for  water-cisterns  and  baths  rain-water  pipes,  —  in  short,  for 
almost  all  purposes  where  lead  has  been  hitherto  employed  ;  and  latterly  a  method  has 
been  mvented,  by  which  it  is  formed  into  sash-bar  for  skylights  and  ornamental  sashes ;  for 
which  purposes,  strength  excepted,  it  is  superior  to  iron,  as  not  being  liable  to  rust,  and 
loosen  the  putty  and  glass.  It  is,  in  every  respect,  equal  to  copper,  and  not  more  than  one 
third  the  cost  of  it. 


Sect.  IX. 

SLATXS. 


1798.  Slate  is  a  species  of  argillaceous  stone,  and  is  an  abundant  and  most  useful 
mineral.  The  slate  district  in  England  is  of  considerable  extent  This  material  is  so  soft, 
that  the  human  nail  will  slightly  scratch  it,  and  is  of  a  bright  lamellated  texture.  Its 
constituent  parts  are  argyll,  earth,  silex,  magnesia,  lime,  and  iron ;  of  the  two  first  and  the 
last  in  considerable  proportion.     The  building  slate  is  the  schishu  teguUtris. 

1799.  The  slates  used  about  London  are  brought  chiefly  from  Bangor,  in  Caernarvon- 
shire ;  but  the  most  esteemed  is  a  pale  blue-green  slate,  brought  from  Kendal,  in  West- 
morland, and  called  Westmorland  slates.  Those  from  Scotland  are  not  in  much  repute. 
Slate  quarries  usually  lie  near  the  surface ;  and,  independent  of  the  splitting  grain,  along 
which  they  can  be  cleft  exceedingly  thin,  they  are  mostly  divided  into  ttaeks,  by  breakings, 
cracks,  and  fissures.  Slate  is  separated  from  its  bed,  like  other  stones,  by  means  of  gunpowder, 
and  the  mass  is  then  divided  into  scantlings  by  wedges,  and,  if  necessary,  sawn  to  its 
respective  sizes  by  machinery.  Tlie  blue,  green,  purple,  and  darker  kinds  are  most 
susceptible  of  thin  cleavage,  the  lighter-coloured  slates  being  coarser.  The  instruments 
used  in  quarrying  and  splitting  slates  are  slate-knives,  axes,  bars,  and  wedges.  In  fixing 
them  on  roofs  the  xax  is  used.  This  is  an  instrument  made  of  tempered  iron,  about  1 6  in. 
long  and  2  in.  wide,  like  a  large  knifo  bent  a  little  at  one  end,  with  a  wooden  handle  at  the 
other,  and  having  a  projecting  piece  of  iron  on  its  back,  drawn  to  a  sliarp  point,  to  make 
holes  in  the  slates  for  the  nails,  the  other  nde  being  used  to  chip  and  cut  the  slates  to  their 
required  size,  as  when  brought  from  the  quarry  they  are  not  sufficiently  square  and 
cleaned  for  the  slater's  use. 

1 800.  A  fine  sound  texture  is  the  most  desirable  among  the  properties  of  a  slate ;  for  the 
expense  of  slating  being  greatly  increased  by  the  boarding  whereon  it  is  placed,  if  the  ^te 
absorbs  and  retains  much  moisture,  the  boarding  will  soon  become  rotten.  But  a  good 
slate  is  very  durable.  Its  goodness  may  be  judged  of  by  striking  it  as  you  would  a  piece 
of  pottery,  wherefrom  a  sonorous,  clear,  bell-like  sound  is  a  sign  of  exc^ence ;  but  many 
pieces  of  the  slate  should  be  tried  before  a  conclusion  can  be  arrived  at.  It  is  thought  to 
be  a  good  sign,  if,  in  hewing,  it  shatters  before  the  edge  of  the  zax.  The  colour,  also,  is 
some  guide,  the  light  blue  sort  imbibing  and  retaining  moisture  in  a  far  less  degree  than 
the  deep  black-blue  sort  The  feel  of  a  slate  is  some  indication  of  its  goodness :  a  good 
one  has  a  liard  and  rough  feel,  whilst  an  open  absorbent  slate  feels  smooth  and  greasy, 
llie  best  method,  however,  of  testing  the  quality  of  slates  is  by  the  use  of  water,  in  two 
ways.  The  first  is,  to  set  the  pieces  to  be  judged  of  edgewise  in  a  tub  of  water,  the  water 
reaching  above  half  way  up  the  height  of  the  pieces :  if  they  draw  water,  and  become  wet 
to  the  top  in  six  or  eight  hours*  time,  they  are  spongy  and  bad ;  and  as  the  water  reaches 
less  up  them,  so  are  the  pieces  better.  The  other  method  is,  to  weigh  the  pieces  of  slate, 
and  note  their  weights.     Let  them  then  remain  for  twelve  hours  in  water,  and  take  them 
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out,  wiping  them  dry.  Those  that  on  re-weighing  ore  much  heavier  then  they  were  previous 
to  their  immersion  should  be  rejected.  Where  the  character  of  a  slate  quarry  is  not 
previously  known,  experiments  of  these  sorts  should  never  be  omitted. 

1 801 .  The  foUowuig  comparison  of  the  advantages  of  slates  over  tiles  is  given  by  the 
late  Bishop  of  LlandaJBEl  That  sort  of  slate,  other  circumstances  being  the  same,  is  esteemed 
the  best  which  imbibes  the  least  water ;  for  the  water  imbibed  not  only  increases  the 
weight  of  the  covering,  but  in  frosty  weather,  being  converted  into  ice,  swells  and  shivers 
the  slate.  This  effect  of  frost  is  very  sensible  in  tiled  houses,  but  is  scarcely  felt  in  those 
which  are  slated,  for  good  slates  imbibe  but  little  water ;  though  tiles,  when  well  glazed, 
are  rendered  in  some  measure  similar  to  slate  in  this  respect.  The  bishop  took  a  piece  of 
Westmorland  slate  and  a  piece  of  common  tile,  and  weighed  each  of  them  carefully.  The 
surface  of  each  was  about  thirty  square  inches.  Both  the  pieces  were  immersed  in  water 
about  ten  minutes,  then  taken  out,  and  weighed  as  soon  as  they  had  ceased  to  drip.  The 
tile  had  imbibed  about  a  seventh  part  of  its  weight  of  water,  and  the  slate  had  not 
imbibed  a  two*hundredth  part  of  its  weight ;  indeed,  the  wetting  of  the  slate  was  merely 
superficiaL  He  placed  both  the  wet  pieces  before  the  fire ;  in  a  quarter  of  an  hour  the 
slate  was  perfectly  dry,  and  of  the  same  weight  as  before  it  was  put  in  the  water ;  but  the 
tile  had  lost  only  about  twelve  grains  it  had  imbibed,  which  was,  as  near  as  could  be 
expected,  the  very  same  quantity  that  had  been  spread  over  its  surfiu;e ;  for  it  was  the 
quantity  which  had  been  imbibed  by  the  slate,  the  sur^e  of  which  was  equal  to  that  of  the 
Ule.  The  tile  was  left  to  dry  in  a  room  heated  to  sixty  degrees,  and  it  did  not  lose  all  the 
water  it  had  imbibed  in  less  than  six  days.  We  here  subjoin  a  succinct  account  of  the 
different  sorts  of  slates  brought  to  the  London  market,  and  enumerate  them  in  the  order  of 
their  goodness  and  value. 

1 802.  Westmorlahd  slates.  These  are  from  .S  ft.  6  in.  to  1  ft  in  length,  and  from  2  ft  6  in. 
to  1  fL  in  breadth.  They  should  be  nailed  with  not  less  than  sixpenny  and  eightpenny 
copper  or  zinc  nails  (iron  nails  should  never  be  used) ;  and  a  ton  in  weight  of  them  will 
cover  about  two  squares  and  a  quarter.  We  may  here  observe,  that  the  weight  of  the 
coarsest  Westmorland  slates  is  to  that  of  common  tiling  as  36  to  54. 

1803.  Welsh  rags  are  next  in  goodness,  and  are  nearly  of  the  same  sizes  as  those  last 
mentioned ;  but  a  ton  of  these  will  cover  only  one  square  and  three  quarters. 

1804.  Imperials  are  from  2  ft  6  in.  to  1  ft  in  length,  and  about  2  ft.  wide. 

1805.  Duchesses  run  about  2  ft.  long  and  1  ft  wide,  and  are  nailed  usually  so  as  to  show 
a  ten  and  a  half  inch  gauge. 

1806.  Countesses,  of  which  a  ton  will  cover  about  three  squares,  run  about  1  ft  8  in.  in 
length  by  about  10  in.  in  width. 

1807.  Ladies  are  generally  about  15  in.  l<»ig,  and  about  8  in.  wide.  These  are  sold  by 
the  thousand  of  twelve  hundred,  which  quantity  will  cover  about  four  squares. 

1808.  There  are  still  other  sorts  of  slates  which  have  been  used  in  and  about  London, 
as  the  DenujfboUf  &c.  The  Tacistock  slates  were  at  one  period  in  considerable  demand. 
They  are  sold  by  the  thousand  of  ten  hundred,  which  quantity  covers  about  three  squares 
and  forty  feet.  The  smallest  slates  in  use  are  called  Doubles :  they  run  about  1 3  in.  in 
length  by  6  in.  in  width.  The  bond  or  lap  of  a  slate  is  the  distance  between  the  nail  of  the 
under  slate  and  the  lower  end  of  the  upper  slate,  and,  as  in  tiling,  the  gauge  in  slating  is  the 
visible  depth  of  the  slate. 

1809.  Several  years  ago,  a  patent  was  obtained  for  slating  roofs  without  boarding  or 
battens.  In  this  the  slates  were  all  reduced  to  widths  equal  to  the  distance  between  centre 
and  centre  of  the  rafters.  On  the  backs  of  these  last  they  are  screwed  by  two  or  three  strong 
inch  and  half  screws  at  each  of  their  ends.  Over  the  junctions  of  the  slates,  on  the  backs 
of  the  rafters,  fillets  of  slates  about  two  and  a  half  or  three  inches  wide,  bedded  in  putty, 
are  screwed  down,  to  prevent  the  entrance  of  rain.  The  handsome  regular  appearance  of 
this  sort  of  slating  gained  it  at  first  much  celebrity  ;  but  it  was  soon  abandoned,  on  account 
of  the  disorder  it  is  liable  to  sustain  from  the  slightest  partial  settlement  of  the  building,  not 
less  than  from  the  constant  dislodgement  of  the  putty,  upon  which  greatly  depended  its 
being  impervious  to  rain. 

1810.  Slating  is  sometimes  laid  lozengewisc;  but  it  is  much  less  durable  than  when 
laid  in  the  common  method. 


Stcr.  X. 

BEICKS   ANO   TILBS. 


1811.  A  brick  is  a  factitious  sort  of  stone,  manufactured  from  argillaceous  or  clayey 
earth,  well  tempered  and  squeezed  into  a  mould.  When  so  formed,  bricks  are  stacked  to 
dry  in  the  sun,  and  finally  burnt  to  a  proper  degree  of  hardness  in  a  clamp  or  kiln.  The 
use  of  bricks  is  of  the  highest  antiquity.     They  are  frequently  mentioned  in  the  historical 
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books  of  the  Old  Testament ;  but  whether  they  were  merely  sun-dried  or  burnt  in  a  kiln 
seems  uncertain.  We  are  inclined  to  doubt  the  burning  of  them  at  a  Tery  remote  period. 
It  will  immediately  occur  to  the  reader  that  the  making  of  bricks  was  one  of  the  tasks 
imposed  upon  the  Israelites  during  their  servitude  in  Egypt.  Though  the  oldest  remains 
in  Egypt  are  of  stone,  Pococke  describes  a  pyramid  of  unburnt  bricks,  which  are  composed 
of  a  black  sandy  earth,  intermixed  with  pebbles  and  shells,  the  sediment  deposited  by  the 
overflowing  of  the  Nile.  This  species  of  bricks  is  still  common  in  Egypt  and  many  other 
parts  of  the  East  By  the  ancient  Greeks  and  Romans,  both  burnt  and  unburnt  bricks 
were  used ;  the  method  of  making  the  latter  whereof  is  thus  described  by  Vitruvius,  in  the 
third  chapter  of  his  second  book  :  **  I  shall  first,"  says  that  author,  *'  treat  of  bricks,  and 
the  earth  of  which  they  ought  to  be  made.  Gravelly,  pebbly,  and  sandy  clay  are  unfit  for 
that  purpose ;  for  if  made  of  either  of  these  sorts  of  earth,  they  are  not  only  too  pon* 
derous,  but  walls  built  of  them,  when  exposed  to  the  rain,  moulder  away,  and  are  soon 
decomposed ;  and  the  straw,  also,  with  which  they  are  mixed,  will  not  sufficiently  bind  the 
earth  together,  because  of  its  rough  quality.  They  should  be  made  of  earth,  of  a  red  or 
white  chalky,  or  a  strong  sandy  nature.  These  sorts  of  earth  are  ductile  and  cohesive, 
and  not  being  heavy,  bricks  made  of  them  are  more  easily  handled  in  carrying  up  the 
work.  The  proper  seasons  for  brick^making  are  the  spring  and  autumn,  because  they 
then  dry  more  equably.  Those  made  in  the  summer  solstice  are  defective,  because  the 
heat  of  the  sun  soon  imparts  to  their  external  surfaces  an  appearance  of  sufilcient  dryness, 
whilst  the  internal  parts  of  them  are  in  a  very  different  state ;  hence,  when  thoroughly  dry, 
they  shrink  and  break  those  parts  which  first  dried  ;  and  thus  broken,  their  strength  is  gone. 
Those  arc  best  which  have  been  made  at  least  two  years ;  for  in  a  period  less  than  that, 
they  will  not  dry  thoroughly.  When  plastering  is  laid  and  set  hard  on  bricks  which  are 
not  perfectly  dry,  the  bricks,  which  will  naturally  shrink,  and  consequently  occupy  a  less 
space  than  the  plastering,  will  thus  leave  the  latter  to  stand  of  itself.  From  its  being 
extremely  thin,  and  not  capable  of  supporting  itself,  it  soon  breaks  to  pieces ;  and  in  its 
failure,  involves  sometimes  even  that  of  the  wall.  It  is  not,  therefore,  without  reason  that 
the  inhabitants  of  Utica  allow  no  bricks  to  be  used  in  their  buildings  which  are  not  at 
least  five  years  old,  and  also  approved  by  a  magistrate. 

1812.  '*  There  are  three  sorts  of  bricks :  the  first  is  that  which  the  Greeks  call  Didoron 
(jSii&poy),  being  the  sort  we  use  ;  that  is  one  foot  long  and  half  a  foot  wide.  The  other 
two  sorts  are  used  in  Grecian  buildings ;  one  is  called  Pentadoron,  the  other  Tetradoron. 
By  the  word  doron^  the  Greeks  mean  a  palm,  because  the  word  JUpov  signifies  a  gift  which 
can  be  borne  in  the  palm  of  the  hand.  That  sort,  therefore,  which  is  five  palms  each  way, 
is  called  Pentadoron ;  that  of  four  palms,  Tetradoron.  The  former  of  these  two  sorts  is 
used  in  public  buildings,  the  latter  in  private  ones.  Each  sort  has  half  bricks  made  to  suit 
it,  so  that  when  a  wall  is  executed,  the  course  on  one  of  the  faces  of  the  wall  shows  sides 
of  whole  bricks,  the  other  face  of  half  bricks  ;  and  being  worked  to  the  line  on  each  face, 
the  bricks  on  each  bed  bond  alternately  over  the  course  below."  Vitruvius  concludes  the 
chapter  with  the  mention  of  the  bricks  made  at  Calentum  in  Spain,  at  Marseilles  in  France, 
and  Pitane  in  Asia,  which  are  specifically  lighter  than  water. 

1813.  It  is  to  be  regretted  that  plastenng  with  cement,  a  practice  which  is  more  to 
the  interest  of  the  brickmaker  and  bricklayer  than  to  the  consumer,  has  become  so  prevalent 
in  this  country.  These  tradesmen  thus  get  rid  of  their  worst  bricks,  which  are  hidden  by 
a  coat  of  plaster ;  the  building  soon  decaying  when  the  heart  of  the  wall  is  bad.  Colour 
seems  to  be  the  objectionable  quality  about  this  material,  the  commonplace  architect 
forgetting  that  form  is  much  more  essential  to  beauty  than  colour.  In  the  times  of  Jones 
and  Wren,  red  brick  was  beautifully  wrought  into  architectural  forms,  of  which  a  few 
examples  still  remain  in  the  metropolis ;  and  by  Palladio,  bricka  were  used  for  columns 
without  smearing  them  over  with  plaster. 

1814.  In  England,  the  best  earth  for  making  bricks  is  a  clayey  loam,  neither  abounding 
with  too  much  sand,  which  renders  them  brittle,  nor  with  too  large  a  portion  of  argillaceous 
matter,  which  causes  them  to  shrink  and  crack  in  drying.  It  should  be  dug  at  the  least  a 
year  before  it  is  wrought,  that  by  exposure  to  the  atmosphere  it  nuiy  part  with  all 
extraneous  matter  which  it  possessed  when  first  dug.  The  general  practice  is,  however,  to 
dig  it  in  the  autumn,  and  allow  it  to  remain  through  the  winter  to  mellow  and  pulverize, 
by  which  the  operation  of  tempering  is  greatly  fiicilitated.  Upon  this  operation  the 
quality  of  the  brick  mainly  depends,  and  great  attention  should  be  bestowed  upon  perform- 
ing this  part  of  the  process  in  a  proper  manner.  Tliis  branch  of  the  manufacture  was 
formerly  executed  by  throwing  the  clay  into  shallow  pits,  and  subjecting  it  to  be  trodden 
by  men  and  oxen ;  a  method  which  has-  been  advantageously  superseded  by  a  clay  or  pug- 
mill,  with  a  horse  track. 

1815.  As  soon  as  the  clay  has  been  thoroughly  tempered  by  one  of  the  methods  above 
named,  it  is  taken  to  the  moulder's  bench,  where  it  is  cut  by  the  moulder's  assistant, 
generally  a  woman  or  a  lad,  into  pieces  rather  larger  than  the  mould,  which  are  passed  on 
to  the  moulder,  who  throws  it  with  some  force  into  the  mould,  which  has  been  previously 
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dipped  in  sand.  He  presses  it  down,  so  that  it  may  fill  the  whole  of  the  cavity,  striking 
off  the  superfluous  clay  with  a  flat  wooden  rule.  The  newly-formed  brick  is  then  turned 
out  of  the  mould  on  to  a  thin  board,  somewhat  larger  than  a  brick,  and  it  is  removed  by  a 
boy  to  a  latticed  wheelbarrow,  and  conveyed,  covered  with  fine  dry  sand,  to  the  hack,  A 
handy  moulder,  working  fifteen  hours,  will  mould  5000  bricks.  In  the  hacks,  which 
are  eight  courses  in  height,  the  bricks  are  arranged  diagonally  above  each  other,  with 
a  passage  between  each  ibr  the  circulation  of  air  round  them.  The  time  required  for 
drying  in  tiie  hacks  will,  of  course,  depend  on  the  fineness  of  the  weather ;  it  is  but  a  few 
days  if  the  season  be  propitious ;  and  they  are  then  turned  and  reset  wider  apart,  after 
which,  in  about  six  or  eight  days,  tliey  are  ready  for  the  clamp  or  kiln.  If  the  weather  be 
rainy,  the  bricks  in  the  hack  must  be  covered  with  wheat  or  rye  straw  ;  and  as  they  ought 
to  be  thoroughly  dry  before  removing  to  the  clamp  or  kiln,  a  few  are  generally  selected 
from  difierent  parts,  and  broken,  to  ascertain  if  the  operation  of  drying  has  been  well  per- 
fiirmed.  The  moisture  arising  from  bricks  when  burning  ia  very  ii^jurious  to  their 
soundness. 

1816.  In  the  brickfields  about  London,  bricks  are  mostly  burnt  in  what  are  called 
damps.  These  are  generally  oblong  in  form,  and  their  foundations  are  made  with  the 
driest  of  the  bricks  from  the  hacks,  or  with  common  worthless  bricks,  called  place  bricks. 
The  bricks  for  bumiog  are  then  arranged,  tier  over  tier,  to  the  height  assigned  to  the 
damp^  according  to  the  quantity  to  be  burnt,  and  a  layer  of  breese  or  cinders,  two  or  three 
inches  deep,  is  placed  between  each  course  of  bricks,  and  the  whole,  when  built  up,  covered 
with  a  thick  stratum  of  breese.  On  the  western  face  of  the  clamp  a  vertical  fireplace  is 
formed,  about  3  feet  in  height,  firom  which  flues  are  driven  out  by  arching  the  bricks  over, 
so  as  to  leave  a  space  about  one  brick  wide.  The  flues  run  in  a  straight  direction  through 
the  clamp,  and  are  filled  with  a  mixture  of  coals,  breeze,  and  wood,  closely  pressed  toge- 
ther. If  the  bricks  are  required  to  be  burnt  quickly,  the  flues  should  not  be  more  than 
6  feet  apart ;  but  if  time  do  not  press,  the  flues  need  npt  be  nearer  than  9  feet  to  each  other, 
and  the  clamp  is  allowed  to  bum  slowly.  It  is  possible,  if  required,  to  bum  a  clamp  in  a 
period  of  from  20  to  SO  days,  according  to  the  dryness  of  the  weather. 

1817.  The  kilns  which  are  used  for  burning  bricks  are  usually  IS  feet  long,  by  lOfieet 
6  inches  in  width,  and  12  feet  in  height  The  walls  are  one  brick  and  a  half  thick,  and 
incline  inwards  as  they  rise.  A  kiln  is  generally  built  to  contain  20,000  bricks  at  each 
burning.  The  fireplace  consists  of  three  arches,  which  have  holes  at  top  Ibr  distributing 
heat  to  the  bricks.  These  are  placed  on  a  lattice-like  floor,  and  first  undergo  a  gentle 
action  of  the  fire  fi^r  two  or  three  days,  in  order  to  dry  them  thoroughly.  As  soon  as  they 
thus  become  ready  for  burning,  the  mouth  of  the  fireplace  is  dammed  up  with  what  is 
called  a  ghinlog  (which  consists  of  pieces  of  brick  piled  i^ainst  each  other,  and  closed  with 
wet  brick  earth)^  leaving  above  it  suflicient  room  to  introduce  a  faggot.  The  kiln  is  then 
supplied  with  brushwood,  fbrze,  heath,  faggots,  &c.,  and  the  fire  is  kindled  and  kept  up 
until  the  arches  assume  a  white  appearance,  and  flames  appear  through  the  top  of  the  kiln, 
llie  fire  is  then  slackened,  and  the  kiln  gradually  cooled.  This  process  of  alternately 
raising  and  slacking  the  heat  of  the  kiln  is  repeated  till  the  bricks  are  thoroughly  burnt, 
which  is  usually  accomplished  in  about  eight  and  forty  hours. 

1818.  The  practice  of  steeping  bricks  in  water  after  they  have  been  burnt,  and  then  again 
burning  them,  has  been  found  to  have  the  effect  of  considerably  improving  their  quality. 

1819.  There  are  several  sorts  of  bricks,  which  may  be  classed  as  follows  :  malms  or  marl 
stocks,  stocks,  place  bricks,  fire  bricks,  paving  bricks,  compass  bricks,  concave  or  hollow 
bricks,  and  Dutch  or  Flemish  bricks,  lliere  are  still  other  varieties ;  but  from  their  being 
now  but  little  used,  we  shall  pass  them  over. 

1820.  The  marl  for  the  marl*  stock,  which  is  of  a  bright  yellowii^  uniform  colour  and 
texture,  is  not  always  to  be  had,  especially  in  the  London  districts ;  in  consequence  of  which, 
several  years  ago,  it  was  discovered  that  chalk  mixed  in  certain  portions  with  loam,  and 
treated  in  the  usual  manner,  proved  an  excellent  substitute  for  it.  It  not  only  was  found 
to  improve  the  colour,  but  to  impart  soundness  to  the  biick ;  and  the  practice  is  now 
generally  adopted  about  London.  At  Emsworth,  in  Hampshire,  and  also  at  Southampton, 
ooze,  or  sludge,  firom  the  sea^shore,  Containing  much  saline  matter,  is  used  for  a  similar 
purpose :  these  bricks,  however,  have  not  the  rich  brimstone  colour  of  the  London  malm 
stock,  nor  the  regular  stone-coloured  hue  of  the  Ipswich  bricks. 

1821.  The  finest  marl  stocks,  which  are  technically  caMedJirsta,  or  cutters,  are  principally 
used  for  arches  of  doorways  and  windows,  quoins,  &c.,  for  which  purposes  they  are  rubbed 
and  cut  to  their  proper  dimensions  and  form.  There  is  also  a  red  cutting  brick,  whose 
texture  is  similar  to  the  malm  cutter,  which  must  not  be  confounded  with  the  red  stock. 
The  next  best,  which  are  chiefly  used  for  principal  fronts,  are  called  seconds  .•  they  are  not 
quite  so  uniform  in  colour,  nor  so  bright  as  the  last,  but  are,  nevertheless,  a  handsome  and 
durable  brick. 

1822.  Stocks  are  red  and  grey,  both  sorts  being  equal  in  texture,    llie  red  sort  are  burnt 

Kk  4 


504  THEORY  OF  ARCHITECTURE.  Book  IL 

in  kilns.     The  grey  stocks  are  less  uniform  in  their  colour  than  seconds,  and  are  of  rather 
an  inferior  quality.     They  are  used  for  common  fronts,  and  walls. 

1 823.  Place  brickt,  or  peckingsy  sometimes  also  called  sandel,  or  samel  hricke^  are  those 
which,  having  been  outermost  or  furthest  &om.  the  fire  in  the  clamp,  or  kUn,  have  not 
received  sufficient  heat  to  bum  them  thoroughly.  They  are,  consequently,  soft,  uneven  in 
texture,  and  of  a  red  colour.  These  should  never  be  used  in  a  building  where  durability 
is  required. 

1824.  JSvm  and  dinker*  are  such  bricks  as  have  been  violently  burnt,  or  masses  of  several 
bricks  run  together  in  the  clamp  or  kiln. 

1825.  The  red  bricks  derive  their  colour  from  the  nature  of  the  soil  whereof  they  are 
composed,  which  is  generally  very  pure.  The  best  of  them  are  used  for  cutting-bricks, 
and  are  called  red  rubbers.  In  old  buildings  they  are  frequently  found  set  in  putty,  and 
often  carved  into  ornaments  over  arches,  windows,  doorways,  &e. 

1826.  Fire  hrick»y  so  called  from  their  capability  of  resisting  the  most  violent  action  of  the 
fire,  are  of  a  dark  red  colour,  and  of  very  close  texture  ;  they  are  made  about  9  inches  long, 
4|  inches  broad,  and  1}  inches  thick.  "Die  loam  of  which  they  are  made  is  yellow,  harsh 
to  the  touch,  and  contains  a  considerable  portion  of  sand.  Their  quality  renders  them 
highly  serviceable  in  furnaces  and  ovens.  The  greatest  part  of  those  used  about  London 
were  formerly  brought  from  Hedgerly,  a  village  near  Windsor,  whence  they  obtsdned  the 
name  of  Windsor  bricks.  This  sort  of  brick  is  made  also  in  various  parts  of  Wales,  whence 
they  are  called  Welsh  lumps, 

1 827.  Paving  bricks  are  for  the  purpose  which  their  name  implies,  and  their  dimensions 
are  the  same  as  those  of  the  foregoing  sort. 

1828.  Compass  bricks  are  circular  on  the  plan,  and  are  chiefly  employed  for  steyning,  or 
walling  round  wells. 

1829.  Concave  or  hoBow  bricks  are  made  like  common  bricks,  but  hollowed  on  one  side 
in  the  direction  of  their  length,  and  are  adapted  to  the  construction  of  drains  and  water- 
courses. 

1830.  Dutch  clinkers  and  Flemish  bricks  vary  little  in  quality ;  they  are  exceedingly  hard, 
and  are  used  for  the  paving  of  stables,  yards,  &c.,  though  they  are  by  some  objected  to,  as 
being  too  hot  for  the  horses*  feet.  The  former  are  6  inches  long,  S  inches  broad,  and  1  inch 
thick,  and  are  often  laid  on  edge  in  various  fanciful  forms,  as  the  herring-bone.  Sec. 

1831.  By  the  17th  Geo.  III.  cap.  42.  all  bricks  made  for  sale  shall,  when  burnt,  be 
not  less  than  8|  inches  long,  2)  inches  thick,  and  4  inches  wide.  The  very  limitation  is 
enough  to  prove  the  total  disregard  of  the  ministers  of  this  country,  at  all  times,  to  the 
advancement  of  the  arts.  It  is  scarcely  possible  to  be  believed  that  the  statute  still  con- 
tinues in  force. 

1 832.  Bricks  laid  in  the  summer  season  -should  be  well  saturated  with  water  previous  to 
laying ;  and  if  the  work  be  left  for  a  day  only,  the  waUs  should  be  as  carefully  covered  up 
as  in  the  winter,  for  in  hot  weather  the  mortar  sets  too  rapidly,  and  hence  ^e  necessary 
cohesion  is  destroyed ;  an  evil  much  aggravated  by  the  dust  constantly  hanging  about  the 
bricks,  more  especially  at  that  season  of  the  year. 

1833.  Three  hundred  and  thirty  well-burnt  bricks  may  be  generally  taken  as  weighing 
20  cwL.  so  that  a  cubic  foot  weighs  about  125  lbs  ;  and  it  is  found  by  experiment,  that  to 
crush  a  mass  of  solid  brickwork  whose  section  is  1  foot  square,  a  weight  of  300,000  lbs. 
avcrdupois  must  be  applied. 

1834.  Tiles,  which  in  their  constituent  parts  partake  much  of  the  nature  of  bricks, 
are  plates  of  clay  baked  in  a  kiln,  and  used  instead  of  slates,  or  other  covering  of  the  roofs 
of  houses.  The  clay  whereof  tiles  are  formed  will  always  make  good  bricks,  though  the 
converse  does  not  hold,  from  the  toughness  required  on  account  of  their  being  so  much 
thinner  than  bricks.  The  common  kinds  are  naade  of  a  blue  clay,  found  in  many  parts 
about  London,  though  mostly  deeper  seated  than  brick  earth.  Hie  best  season  for  digging 
it  is  in  September  and  October,  and  it  should  then  lie  exposed  during  the  winter.  It  may, 
however,  be  turned  up  in  January,  and  worked  in  February ;  and,  as  in  brick,  so  in  tile- 
making,  the  more  care  bestowed  on  beating  and  tempering  the  clay,  the  better  will  be  the 
tiles.  Tiles  are  burnt  in  a  kiln  constructed  on  the  same  principles  as  the  brick-kiln,  but 
with  the  addition  of  a  cone,  having  an  opening  at  top  round  the  chamber  of  the  kiln.  They 
require  much  care  in  burning.  If  the  fire  be  too  slack,  they  will  not  burn  sufficiently 
hard ;  and  if  too  violent,  they  glaze,  and  suffer  in  form. 

1835.  iVatn  or  eroum  tiles  are  such  as  have  a  rectangular  form  and  plane  surface.  They 
should  be  101  inches  long,  6\  inches  broad,  and  {  of  an  inch  thick,  according  to  the  statute, 
and  they  will  weigh  each  from  2  to  2}  lbs.  They  are  manufactured  with  two  holes  in 
them,  through  which,  by  means  of  oak  pins,  they  hang  upon  the  laths.  In  using  all 
coverings  of  this  species,  one  tile  laps  over  another,  or  is  placed  over  the  upper  part  of  the 
one  inmied  lately  below ;  that  part  of  the  tile  which  then  appears  uncovered  is  caHed  the 
gauge  of  the  tiling.  If,  in  plain  tiling,  the  gauge  be  6|  inches,  about  740  tiles  will  cover 
one  square,  or  100  feet  superficial. 
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1 836.  Ridye  roof  and  hip  tileg  are  formed  cyUndricaUy,  to  cover  the  ridges  of  houses. 
They  should  be  1 3  inches  long,  and  girt  about  1 6  inches  on  the  outside.  Weight  about 
5  lbs. 

1 837.  Gutter  tilet  are  about  the  same  weight  and  dimensions  as  ridge  tiles,  but  are  for 
the  yalleys  of  a  roo£  They  are  now  rarely  used,  their  place  having  been  long  since  sup- 
plied by  lead. 

1838.  Fan  or  Fbmi$h  (tfet  have  a  rectangular  outline,  with  a  sur&ce  both  convex  and 

concave,  thus|,^^;^^^^.  Hiey  have  no  holes  for  pins,  as  plain  tiles  have,  but  are  hung  on 


gauge  will  take  1 70  pan  tiles. 

1 839.  The  largest  sort  of  paving  tiles  are  1  foot  square  and  1 )  inch  thick.     The  next 
size,  called  10  inch  tiles,  are.  In  fiwst,  only  9  inches  square  and  1 J  inch  thick. 


SxcT.  XI. 

UMK,   SAND,   WATSR,    AND    CBMKNT. 

1 840.  lime  has  not  been  found  in  a  native  state ;  it  is  always  united  to  an  acid,  as  to 
the  carbonic  in  chalk.  By  subjecting  chalk  or  limestone  to  a  red  heat  it  is  freed  from  the 
acid,  and  the  lime  is  left  in  a  state  of  purity,  and  is  then  called  caustic  or  quicklime,  which 
dissolves  in  680  times  its  weight  of  water.  It  is  not  our  intention  here  to  enter  into  any 
account  of  either  of  the  theories  relative  to  the  formation  of  lime,  facts  being  of  more 
importance  to  the  architect  in  its  employment  than  the  refined  fiuncies  of  the  scientific 
chemist  The  calcareous  minerals  are  mostly  distinguished  by  their  effervescing  with 
and  dissolving  in  an  acid,  as  also  by  their  being  easily  scratched  or  cut  with  a  knife.  In 
respect  of  the  lime  obtained  from  chalk,  Dr.  Higgins  (in  his  work  on  calcareous  cements, 
Lond.  1780)  says,  **  It  should  be  observed,  that  the  difference  between  chalk  lime  and  the 
lime  obtained  from  the  various  limestones,  chiefly  consists  in  the  greater  retention  or  ex- 
pulsion of  the  carbonic  acid  gas  contained  in  them." 

1 841 .  An  account  of  the  stone  from  which  lime  may  be  obtained  in  the  dififerent  counties 
of  England  would  unnecessarily  extend  this  article ;  we  shall,  therefore,  after  observing  that 
the  use  of  marble  for  burning  to  lime  would  be  too  expensive,  state  the  varieties  of  lime- 
stone as,  1.  the  compact ;  2.  the  foliated ;  3.  the  fibrous ;  and,  4.  the  peastone.  The  compact 
limestones  are  of  various  colour?,  in  hues  inclining  to  grey,  yellow,  blue,  red,  and  green, 
and  to  a  smoky  sort  of  colour  besides.  It  is  usually  found  massive,  often  compounded  with 
extraneous  fossils,  particularly  shelfs.  Its  internal  appearance  is  dull,  the  texture  is  com- 
pact, the  fracture  small,  fine,  and  ^lintery ;  fragments  indeterminately  angular,  more  or 
less  sharp -edged ;  semihard,  sometimes  sottf  brittle,  and  easily  firangible.  Specific  gravity 
varies  firom  2500  to  2700,  and  it  is  composed  of  lime,  carbonic  acid,  and  water,  mostiy 
with  a  portion  of  argyll  and  oxide  of  iron,  and  sometimes  of  inflammable  matter. 

1842.  The  foliated  limestones  are  such  as  calcareous  spar,  statuary  marble,  &c;  the 
fibrous  limestones,  such  as  satin  spar ;  and  the  pea  stone,  another  species  of  spar.  It  may 
be  remarked,  that  the  various  sorts  of  marble^  chalk,  and  limestone  may  be  dirided  into 
those  which  are  nearly  pure  carbonate  of  lime,  and  those  ccmtaining  in  addition  from  one 
twentieth  to  one  twelfth  of  clay  and  oxide  of  iron.  **  Though  the  best  limestones  are  not 
such  as  contain  the  greatest  quantity  of  clay,  yet,"  observes  Mr.  Smeaton,  **  none  have  proved 
good  for  water  building,  but  what,  on  examination  of  the  stone,  contained  clay  ;  and  though, 
he  continues,  **  I  am  very  fiu*  firom  laying  down  this  as  an  absolute  criterion,  yet  I  have 
never  found  any  limestone  containing  clay  in  any  considerable  quantity,  but  what  was  good 
for  water  works,  the  proportion  of  clayey  matter,  being  burnt,  acting  strongly  as  a  cement ; 
and  limes  of  this  kind  aU  agree  in  one  more  property,  that  of  being  of  a  dead  frosted  sur- 
fiioe  on  breaking,  without  much  appearance  of  shining  particles* 

1 843.  Among  the  strongest  limes,  and  such  as  will  set  under  water,  those  most  in  use 
in  the  metropolis  and  its  neighbourhood  are  procured  from  Dorking,  Merstbam,  and  the 
vicinity  of  Guilford.  The  most  celebrated  in  the  West  of  England  is  the  blue  lias  of 
Somersetshire,  and  in  the  north  that  about  the  county  of  Sunderland,  whereof  very  large 
quantities  are  exported  to  Scotland.  The  Dorking  and  other  limes  of  that  part  are  burnt 
from  a  chalk  formation  so  extremely  hard  that  it  is  quarried  even  for  the  purposes  of 
masonry.  Those  of  Merstbam  particularly  are  obtained  from  an  indurated  chalk  marie 
(clay  and  chalk)  which  is  so  hard  that  it  partakes  of  the  nature  of  stone.  The  known 
{MTOperty  of  the  lias  formation  for  setting  under  water  renders  it  an  invaluable  material  in 
the  hands  of  the  architect.     In  the  neighbourhood  of  Bath  it  is  called  Bath  brown  lime, 
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and  when  prepared  for  cementing  with  metallio  cement,  10  said  to  be  taind  Blacked  j  that 
is,  after  burning,  it  is  placed  in  roofed  sheds  open  at  the  sides,  and  the  atmosphere  is  thus 
introduced  to  act  upon  iL  The  colour  of  the  lias,  previous  to  burning,  is  blue;  after  it  has 
passed  the  kiln,  it  is  of  a  rich  brown  colour.  No  accurate  analysis  of  this  has  come  to  our 
knowledge ;  but  we  have  understood  that  specimens  have  been  analysed,  containing  as  much 
as  90  per  cent,  of  carbonate  of  lime,  the  residuum  probably  consisting  of  alumen  and  iron. 
The  magnesian  limestone  of  Sunderland  lies  north-  west  of  the  red  sandstone.  In  the  vici- 
nity of  South  Shields,  in  the  county  of  Durham,  the  formation  becomes  extensive,  and  is 
to  be  traced  to  the  Tees  below  Winstoi)  Bridge.  The  Whitby  quarry  near  Callercoats  has 
been  described  in  the  4th  volume  of  the  Geological  TVatuactions.  The  Sunderland  linie- 
stone  is  of  a  bronze  colour,  and  from  containing  inflammable  matter,  doea  not  require  so 
much  fuel  to  convert  it  into  lime. 

1 844w  Before  limestone  is  burnt  it  seems  to  possess  no  external  character  by  which  a 
distinction  can  be  made  between  the  simple  and  the  argillo-ferruginous  limestones ;  what- 
ever the  colour  of  the  former,  they  become  white  when  burnt,  whilst  the  lattcT  partake 
more  or  less  of  a  slight  ochrey  tint.  Brown  lime  is  the  most  esteemed  for  all  sorts  of 
cements,  whilst  for  common  purposes,  the  white  sorts,  which  are  more  abundant,  are  suflS- 
ciently  useful.  In  England,  the  limestones  in  colour  generally  incline  to  a  red  or  blue, 
and  those  which  are  found  firm,  weighty,  and  uniform  in  texture  are  to  be  preferred. 
Masses  broken  from  large  rocks  and  beds  on  the  sides  of  hills,  and  those  when  newest  taken 
and  deepest  dug,  are  most  to  be  valued. 

1845.  The  process  of  analysing  limestones  is  so  eminently  useful  to  all  concerned  in 
building,  that  we  cannot  refrain  from  transcribing  the  method  used  by  Smeaton  in  his  own 
words.  **  I  took  about  the  quantity  of  five  pennyweights  (or  a  guinea's  weight)  of  the  lime- 
stone to  be  tried,  bruised  to  a  coarse  powder,  upon  which  I  poured  cf»nmon  aquafortis,  but 
not  so  much  at  a  time  as  to  occasion  the  effervescence  to  overtop  the  glass  vessel  in  which 
the  limestone  was  put,  and  added  fresh  aquafortis  after  the  effervescence  of  the  former 

Quantity  had  ceased,  till  no  further  ebullition  appeared  by  any  addition  of  the  acid.  This 
one,  and  the  whole  being  left  to  settle,  the  liquor  will  generally  acquire  a  tinge  of  some 
transparent  colour ;'  and  if  from  the  solution  little  or  no  sediment  drops,  it  may  be 
accounted  a  pure  limestone  (which  is  generally  the  case  with  white  chalk  and  several 
others),  as  containing  no  uncalcareous  matter  in  its  composition.  When  this  is  well 
settled,  pour  off  the  water,  and  repeatedly  add  water  in  the  same  way,  stirring  it,  and 
letting  it  settle  till  it  becomes  tasteless.  After  this,  let  the  mud  be  well  stirred  into  the 
water,  and  without  giving  it  time  to  settle,  pour  off  the  muddy  water  into  another  vessel, 
and  if  there  is  any  sand  or  gritty  matter  left  behind  (as  will  frequently  be  the  case),  this 
collected  by  itself  will  ascertain  the  quantity  and  species  of  sabulous  matter  that  entered 
into  the  texture  of  the  limestone.  Letting,  now,  the  muddy  liquor  settle,  and  pouring  off 
the  water  till  no  more  can  be  got  without  an  admixture  of  mud,  leave  the  rest  to  dry,  which, 
when  of  the  consistence  of  clay,  or  paste,  is  to  be  nuule  into  a  ball,  and  dried  for  further 
examination.'* 

1 846.  The  loss  of  limestone  by  burning  is  about  four  ninths  of  its  weight,  shrinking, 
however,  but  little.  When  completely  burnt,  it  fidls  freely,  in  slaking,  into  powder,  and 
then  occupies  about  double  its  previous  bulk. 

1 847.  Tliere  are  many  sorts  of  kilns  for  burning  limestone,  varying  in  form  with  the  fuel 
employed,  and  the  combination  of  the  process  itself  with  some  other,  such,  for  instance, 
as  making  coke,  and  sometimes  bricks.  The  limestone,  however,  is  generally  burnt  in  kilns 
whose  plans  are  circular  and  section  resembling  an  inverted  truncated  cone ;  of  late  more 
frequently  made  spheroidal.  The  heat  is  in  either  case  obtained  from  a  fireplace  under 
the  limestone,  which  rests  on  bars,  that  can,  when  the  kiln  is  a  perpetual  one,  egg-formed, 
or  a  draw  kiln,  be  removed,  to  let  out  the  lime  as  it  is  burnt,  whose  deficiency,  on  extrac- 
tion, is  supplied  by  fresh  stone  at  the  top  of  the  kiln.  Sod  kilm  are  sometimes  used  for 
lime  burning,  lliese  are  formed  by  excavating  the  earth  in  a  conical  form,  and  then 
building  up  the  sides  as  the  earth  may  require.  In  using  these,  the  limestone  is  laid  in 
with  alternate  layers  of  fuel  to  the  top  of  tbe  kiln,  and  the  top  being  covered  with  sods,  so 
as  to  prevent  the  heat  from  escaping,  the  fire  is  lighted,  and  the  process  effected.  The  lime 
is  not  removed  till  it  is  thoroughly  cool.  This  mode  is  a  tedious  operation,  and,  because  of 
the  quantity  of  fuel  consumed,  Gu  from  economical.  In  the  common  lime-kiln,  the  fire  is 
never  suffered  to  go  down,  but  as  the  well-burnt  lime  is  removed,  fresh  lime  is  supplied. 
There  is  a  species  of  kiln  called  a  flame-kiln,  in  which  the  calcination  is  effected  with  peat. 
In  this  kiln  the  process  of  burning  bricks  is  carried  on  at  the  same  time. 

1 848.  JAme  burners  have  made  the  important  observation,  that  the  quantity  of  stone 
calcined  and  the  quantity  of  fuel  expended  depend  on  the  quality  of  the  fuel.  Hence  tlie 
kiln  is  constructed  with  reference  to  the  fuel,  rather  than  to  the  nature  of  the  stone  to  be 
calcined.  Limestone,  taking  an  average  time,  requires  burning  about  sixty  hours  to  reduce 
it  to  lime,  when  the  heat  is  strong  and  well  regulated :  but  of  course  no  general  nile  can  be 
laid  down,  as  different  species  will  require  different  periods  of  time.     The  principal  object 
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to  be  accomplished,  is  the  ezpukion  of  the  carbonic  acid  gas  which  enters  into  its  compo- 
sition. 

1 849.  That  lime  is  generally  most  esteemed  which  heats  most  in  slaking,  and  slakes  the 
quickest,  falling  into  a  fine  powder.  If  there  be  among  it  coarse  unslakeable  lumps 
called  eorCf  that  will  not  pass  through  the  screen,  either  the  stone  has  not  been  sufficiently 
burnt,  or  it  originally  contained  extraneous  matter ;  which  not  only  indicates  defect  in 
quality,  but  that  it  will  be,  as  they  more  or  less  abound,  more  costly  in  use. 

1850.  From  the  experiments  of  Mr.  Smeaton  and  of  Dr.  Higgins,  it  is  sufiiciently  proved 
that,  when  chalk  or  stone  lime  is  equally  fresh  when  used,  the  eementitious  properties  of 
both  are  nearly,  if  not  quite,  equal ;  but  from  the  circumstance  of  quicklime  absorbing 
carbonic  acid  more  or  less  in  proportion  as  its  texture  is  solid  or  spongy,  so  it  g^raduaUy 
parts  with  its  cementing  nature,  becoming  at  length  altogether  unfit  for  the  purposes  oif 
mortar.  Thus,  though  each  of  the  sorts  may  be  equally  good,  if  properly  burnt  and  quite 
fresh  from  the  kiln,  yet  from  the  chalk  lime  so  much  more  easily  and  rapidly  taking  in  the 
carbonic  acid  than  stone  lime  does,  it  is  not  so  fit  for  general  use ;  and,  indeed,  now  the 
metropolis  is  so  well  supplied  with  the  harder  chalk  and  stone  limes,  there  is  no  excuse  for 
its  use,  and  it  should  in  sound  building  be  altogether  banished. 

1851.  The  following  table,  from  Smeaton,  ocmtains  a  list  of  the  limestones  he  examined 
on  the  occasion  of  building  the  Eddystone  Lighthouse. 


Species  of  Stone. 


Aberthaw,  on  the  coast  of  Gla^ 
niorgansbire  -  - 

Watchet,  small  ^sea-port  in  So- 
mersetshire 

Barrow,  Leicestershire 

Long  Bennington,  a  village  in 
Lincolnshire 

Sussex  Church,  near  Lewes  in 
Sussex 

Dorking  in  Surrey 

Berryton  grey  lime,  near  Peters- 
field,  Hants 

Guilford,  Surrey 

Sutton,  Lancashire 


Propor- 
tion of 
Clay. 


i, 


Colour  of  the 
Clay. 


Lead  colour 

Do. 
Do. 
Do. 

Ash  colour 

Do. 

Do. 

Do. 
Brown 


Reduction 

of  Weiffbt 

by  burning. 


4toS 

4  to  3 
3  to  2 


3  to  2 


Colour  of  Brick  made  of 
such  Clay. 


Grey  stock  brick 

{Light  colour,  red- 
dish hue. 
Grey  stock  brick. 

Dirty  blue. 
Ash  colour. 


1 852.  In  forming  mortar  from  the  lime,  it  must,  when  slaked,  be  passed  through  a  sieve 
leaving  only  a  fine  powder,  an  operation  usually  performed  with  a  quarter  inch  wire  screen 
set  at  a  considerable  inclination  to  the  horizon,  against  which  the  lime  is  thrown  with  a 
shovel  afier  slaking.  That  which  passes  through  is  fit  for  use ;  the  core  falling  on  that  side 
of  the  screen  agamst  which  the  lune  is  thrown,  being  entirely  rejected  for  the  purpose  in 
question,  though  it  is  an  excellent  material  for  filling  in  the  sides  of  foundations  under  wood 
floors  where  they  would  otherwise  be  next  the  earth,  and  the  like.  The  sifled  or  screened 
lime  is  next  to  be  added  to  the  sand,  whose  quantity  will  vary  as  the  quality  of  the  lime, 
of  which  we  shall  presently  speak.  In  making  mortar,  there  is  no  point  so  important  as 
respects  the  manufacture  itself^  as  the  well  tempering  and  beating  up  the  lime  with  the 
sand  after  the  water  is  added  to  them.  In  proportion,  too,  as  this  is  effectually  done,  will  a 
small  proportion  of  lime  sufiice  to  make  a  good  mortar.  The  best  mode  of  tempering 
mortar  is  by  means  of  a  pug-mill  with  a  horse-track  similar  to  the  clay-mills  used  for 
making  bricks.  But  if  such  cannot  be  had,  the  mortar  should  be  turned  over  repeatedly, 
and  beaten  with  wooden  beaters,  until  it  be  thoroughly  mixed.  That  this  process  should 
be  carefully  performed,  will  appear  of  the  more  importance  when  it  is  considered  that  it 
thereby  admits  a  greater  proportion  of  sand,  which  is  not  only  a  cheaper  material,  but  the 
presence  of  it  renders  a  less  quantity  of  water  necessary,  and  the  mortar  will  consequently 
set  sooner ;  the  work,  too,  will  settle  less ;  for  as  lime  will  shrink  in  drying,  while  the  sand 
mixed  with  it  continues  to  occupy  the  same  bulk,  it  follows  that  Uie  thickness  of  the 
mortar  beds  will  be  less  variable.  It  may  be  taken,  indeed,  as  an  axiom,  that  no  more 
lime  is  necessary  than  will  surround  the  particles  of  sand. 

1853.  In  most  of  the  public  works  executed  in  Great  Britain  of  late  years,  the  propor- 
tion of  lime  to  sand  is  as  1  to  3 ;  and  when  the  former  is  made  from  good  limestone,  the 
sand  is  by  no  means  too  much  in  proportion.  Dr.  Higgins,  in  his  experiments,  has  gone  so 
far  as  to  recommend  7  parts  of  sand  to  1  of  lime,  which,  for  mortar,  is  perhaps  carrying  the 
point  to  the  extreme. 

1854.  Various  additions  are  made  to  mortar,  in  order  to  increase  its  hardness  and 
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tenacity  ;  such  as  coal  and  wood  ashes,  forge  scales,  roasted  iron  ore,  puzsuolana,  and  the 
like.  The  cendre  de  Toumay  is  used  in  the  low  countries.  This  is  an  article  procured 
from  the  lime-kilns  bordering  the  Scheldt.  The  lime  of  tliis  district  contains  a  considerable 
portion  of  clay  mixed  with  iron ;  and  the  pit-coal  with  which  it  is  burnt  contains  a  large 
quantity  of  an  argillaceous  schist,  impregnated  with  iron.  After  the  lime  is  taken  out  of 
the  kilns,  there  remains  the  cendre,  about  one  fourth  of  which  consists  of  burnt  limc^dust, 
and  three  fourths  of  coal-ashes.  This  material  is  sprinkled  with  water  to  slack  the  lime, 
and  well  mixed  together,  and  put  into  a  proper  vessel  and  covered  over  with  wet  earth. 
In  this  state  it  is  kept  for  a  considerable  time ;  and  when  taken  out,  and  strongly  beaten 
up  for  half  an  hour  with  an  iron  pestle  in  a  wooden  mortar  or  trough,  it  is  reduced  to  a 
soft  pasty  consistence ;  it  is  then  spread  out  for  several  days  in  a  shady  place,  and  the  opera- 
tion of  beating  repeated ;  the  oftener  this  is  done  the  better,  except  it  should  become 
unmanageable  ftt>m  being  too  much  dried.  In  a  few  minutes,  this  cement,  when  applied 
to  brick  or  stone,  adheres  so  firmly  that  water  nuiy  be  immediately  poured  over  it ;  and  if 
kept  dry  twenty-four  hours,  it  afterwards  rec^ves  no  injury  even  from  the  most  violent 
action  of  a  flowing  stream. 

1 855.  In  London,  a  blue  mortar  is  used  for  covering  parts  of  buildings  much  exposed  to 
the  weather ;  and  if  prepared  with  similar  labour  and  attention,  it  might,  in  a  great  degree, 
possess  the  valuable  properties  of  the  mortar  of  the  Scheldt,  just  mentioned. 

1 856.  Common  ashes  mortar  is  made  by  mixing  two  bushels  of  newly  slacked  lime  and 
three  bushels  of  wood  ashes,  which,  when  cold,  must  be  well  beaten,  in  which  state  it  is 
usually  kept  for  a  considerable  time,  and  indeed  it  improves  by  keeping  if  beaten  two  or 
three  times  previous  to  using  it.  This  mixture  is  superior  to  terras  mortar  in  resisting 
the  alternate  effects  of  dryness  and  moisture,  but  not  comparable  with  it  uiider  water. 

1857.  Mr.  Smeaton  discovered,  by  a  course  of  experiments,  that  the  scales  (grey  oxide 
of  iron)  that  fly  off  under  the  forge  hammer  from  red  hot  iron,  pulverised,  sifted,  and  mixed 
with  lime,  form  an  admirable  cement,  equal  to  puzzuolano.  He  found,  in  pursuing  his 
experiments,  that  roasted  iron  ore  produced  an  effective  water  cement,  by  using  a  greater 
proportion  of  it  than  either  terras  or  puzxuolano.  Eqiwl  quantities  of  iron  scales  and 
argillaceous  lime,  with  half  the  quantity  of  each  of  these  of  sand,  produced  a  cement  in 
every  respect  equal  to  terras  mortar.  If  pure  carbonate  of  lime  be  used,  equal  parts  of  each 
of  the  ingredients  ought  to  be  incorporated.  We  do  not  think  it  necessary  here  to  ^ve 
any  account  either  of  Lotiot*s  cement,  nor  that  proposed  by  Semple :  neither  are  to  be 
depended  on :  indeed  the  first,  as  a  water  cement,  is  of  inferior  utility,  «nd  very  little  better 
than  common  mortar  dried  before  the  admission  of  water  upon  it 

1 858.  Siind  should  by  all  means,  if  possible,  be  procured  from  a  running  clear  stream,  in 
preference  to  that  obtained  from  pits.  It  is  cleaner,  and  not  so  connected  with  clayey  or 
muddy  particles.  About  the  metropolis  it  is  the  practice  to  use  (and  an  admirable  ma- 
terial it  is)  the  sand  of  the  Thames  procured  from  above  London  Bridge.  This  sand  has 
acquired  a  deserved  reputation  among  the  architects  and  builders  of  the  capital.  It  con- 
tains, however,  a  vast  portion  of  heterogeneous  nuitter,  such  as  calcareous  fossil,  quartzose, 
and  flint  sands,  particles  of  coal  alluvium,  and  much  iron.  The  sharp  drift  sand  of  the 
Thames  should  therefore,  before  mixing  with  the  lime,  be  well  screened  and  washed. 

1 859.  If  pit  sand  only  can  be  procured,  it  should  be  repeatedly  washed,  to  free  it  from 
the  earthy  and  clayey  particles  it  contains,  until  it  becomes  bright  in  colour,  and  feels 
gritty  under  the  fingers.  When  the  architect  is  obliged  to  use  sea  sand,  it  must  be  well 
washed  in  fi«sh  water  until  the  salt  is  entirely  removed ;  otherwise  the  cement  for  which  it 
is  used  will  never  dry. 

1 860.  Grout,  or  liquid  mortar^  is  nothing  more  than  common  mortar  mixed  with  a  suf- 
ficient quantity  of  water  to  make  it  fluid  enough  to  penetrate  the  interstices  and  irregu- 
larities of  the  interior  of  brick  walls,  which  common  mortar  will  not  reach.  The  mortar 
whereof  it  is  made  will  bear  4  of  sand  to  1  of  lime,  but  it  should  be  thoroughly  beat  It 
may  be  kept  a  little  longer,  whereby  its  quick  setting  will  be  facilitated. 

1861.  Water.  Dr.  Higgins  recommends  the  use  of  lime  water  for  the  composition  of 
mortar.  This,  in  practice,  would  be  impossible.  The  water  used,  however,  for  the  incor- 
poration of  the  lime  with  the  sand  should  be  soft  and  pure.  The  screened  lime  and  sand 
being  shovelled  together,  as  little  water  as  possible  is  added,  after  which  the  chafing  and 
beating,  or  tempering  in  a  pug-mill,  takes  place. 

1 862.  Under  this  section,  notice  must  be  taken  of  a  compound  of  ballast  or  stone  chip- 
ings  and  lime  mixed  together,  which  has  received  the  name  of  concrete,  firom  the  speedy 
concretion  that  takes  place  between  the  different  particles  whereof  it  is  composed.  If, 
however,  gaUoU  or  small  stone  chippings  are  used,  sand  in  a  large  proportion  to  the  lime 
must  be  used.  The  use  of  concrete  was  well  known  at  an  early  period,  and  is  by  no  means, 
therefore,  a  discovery  of  modern  days.  Wherever  the  soil  is  soft,  and  unequal  for  the  re- 
ception of  the  foundations  of  a  building,  the  introduction  of  concrete  under  them  is  an 
almost  infallible  remedy  against  settlement  The  Thames  ballast,  commonly  used  for  con- 
crete, is  a  mixture  of  sand  and  small  stones.   With  this,  and  lime  in  the  proportion  of  never 
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less  than  4  to  1,  and  never  properly  exceeding  9  to  1,  of  stone  lime,  or  such  as  is  known  to 
set  hard  in  water,  a  mixture  is  made.  The  lime  is  generally  used  in  powder,  and  the  whole 
being  shovelled  together,  it  is  wheeled  in  barrows  to  a  stage  over  the  spot  where  it  is  to  be 
used,  and  let  &11  into  the  trench  dug  out  for  the  reception  of  the  foundation.  The  greater 
the  height  the  concrete  is  made  to  fiill,  the  sounder  and  stronger  it  becomes.  It  must 
always  be  recollected  that  no  more  lime  is  necessary  than  with  the  thinnest  coat  to  surround 
the  particles  of  the  ballast,  and  that  therefore  the  size  of  the  pebbles  or  stones  should  in- 
fluence the  quantity  of  the  lime.  As  the  ground  is  more  or  less  to  be  trusted,  the  thick- 
ness of  the  concrete  must  be  regulated ;  when  used  on  the  best  ground,  a  foot  in  thickness 
will  be  sufficient ;  while  on  the  worst,  as  many  as  four  feet  or  more  may  be  required.  The 
upper  surface  being  levelled,  it  is  usual  to  lay  on  it  a  tier  of  Yorkshire  stone  landings,  for  the 
reception  of  the  brick- work  or  mason's  work  :  in  some  cases,  after  carrying  the  wall  a  cer- 
tain height,  a  second  tier  of  landings  has  been  introduced.  When  the  soil  is  watery,  no 
water  should  be  put  to  the  concrete,  but  the  ballast  and  lime  merely  mixed  and  tumbled 
in.  The  stones  or  pebbles  forming  a  portion  of  the  concrete  should  never  exceed  the  sixe 
of  a  hen's  egg. 

1 86S.  The  principal  cements  used  in  England  are  those  generally  known  by  the  names  of 
Parker's,  Atkinson's,  and  Hamelin's  mastic.  The  first  named,  also  called  Roman  cement,  is 
manufactured  principally  from  stone  found  in  the  Isle  of  Sheppey,  and  at  Harwich,  being 
septaria  from  the  London  clay,  and  properly  classed  among  the  limestones  indigenous  to  this 
country.  It  consists  of  ovate  or  flattish  masses  of  argillaceous  limestone  arranged  in  nearly 
horizontal  layers,  chiefiy  found  imbedded  in  the  London  clay.  The  substance  being  coated 
with  a  calcareous  spar  or  sulphate  of  barytes,  forms  the  basis  of  the  cement.  That  now 
in  use  we  do  not  think  at  all  equal  to  the  material  originally  employed.  Thirty 
years  ago  It  was  possible  to  use  it  in  the  depth  of  winter ;  which,  we  apprehend,  would 
be  a  hazardous  thing  to  do  with  the  cement  at  present  made.  Whether  the  inferiority  arise 
from  adulteration,  bad  manufxMsture,  or  the  material  being  worse,  we  cannot  pretend  to 
say ;  we,  however,  do  not  believe  that  it  arises  from  the  badness  of  the  raw  material.  If 
this  cement  be  of  extremely  good  quality,  2  parts  of  sand  to  1  of  the  cement  may  be  used. 
The  cement  itself  is  a  fine  impalpable  powder ;  yet  when  wetted  it  becomes  coarse,  and, 
unless  mixed  with  great  care,  it  will  not  take  a  good  surfiwse.  When  mixed  with  the  sand 
and  water,  it  sets  very  rapidly ;  it  is  necessary,  therefore,  to  avoid  mixing  much  at  a  time, 
or  a  portion  will  be  lost  The  colour  of  this  cement,  when  finished,  is  an  unpleasant  dark 
brown,  and  the  sur&ce  requires  frequent  colouring.  The  great  value  of  Parker's  cement 
is  its  being  impervious  to  water  almost  the  moment  it  is  used ;  hence  it  becomes  highly 
serviceable  on  the  backs  of  arches  under  streets,  for  the  lining  of  cisterns,  and  for  carrying 
up  in  it,  or  coating  with  it,  damp  walls  on  basement  stories.  It  will  not  resist  fire  so  well ; 
and  it  should  therefore  never  be  employed  for  setting  grates,  ovens,  coppers,  or  furnaces. 

1 864.  Atkinson's  cement  is  a  good  material,  preferable  in  colour  to  the  last  named,  but, 
as  we  think,  inferior  in  quality.  It  takes  a  much  longer  time  to  set  than  Parker's  cement, 
than  which  it  absorbs  more  moisture.     It  answers  well  enough  in  dry  situations. 

1 865.  Hamelin's  mastic  cement,  which,  though  patented  of  late  years,  is  an  invention  of 
P.  Loriot,  a  century  old,  is  one  in  which  the  medium  for  mixing  is  oil  instead  of  water. 
It  is  much  more  difficult  to  use  than  the  other  cements,  and  requires  great  experience  and 
care  in  using.  A  coat  of  it  should  never  exceed  one  quarter  of  an  inch  in  thickness ; 
hence  it  is  totally  unfit  for  working  mouldings  in  the  solid.  In  the  metropolis  it  is  gene- 
rally used  in  a  very  thin  coat  over  a  rough  coat  of  Roman  cement,  in  which  case  it  is 
rarely  more  than  an  eighth  of  an  inch  thick.  Thus  used,  it  not  only  presents  a  beautiful 
surface,  but  is  extremely  durable. 

1 866.  The  stones  whereof  the  Dutch  tarrtu  is  made  are  found  in  the  neighbourhood  of 
Liege,  and  also,  we  believe,  at  Andernach  on  the  Rhine,  from  the  size  of  a  pea  to  that  of  a 
middlc-siaed  turnip.  From  their  being  brought  down  the  rivers  to  HoHand  the  cement 
has  been  called  Dutch ;  the  only  operation  they  undergo  in  that  country  is  the  reduc- 
tion of  them  to  a  coarse  powder  by  means  of  mills.  They  arc  beaten  by  iron-headed 
stampers  on  an  iron  bed  till  they  will  pass  through  a  sieve  whose  wires  are  about  one 
eighth  of  an  inch  apart.     This  cement  is  sent  from  Holland  in  casks. 

1 867.  The  PuzzofaTiOf  or  terra  Puteolana  of  the  Romans,  which,  as  well  as  the  last-named 
cement,  has  been  almost  if  not  quite  superseded  by  the  introduction  of  the  Roman 
cement,  is  brought  from  Civita  Vecchia.  Its  name  is  however  derived  from  Puzzuoli, 
where  it  is  principally  found,  though  produced  in  other  parts  of  Italy,  in  the  neighbour- 
hood of  extinct  volcanoes.  It  suddenly  hardens  when  mixed  with  one  third  of  its  weight 
of  lime  and  water,  forming  a  cement  more  durable  under  water  than  any  other.  Bergman 
found  100  parts  of  it  to  contain  55  to  60  parts  of  siliceous  earth,  20  of  argillaceous,  5  or 
6  of  calcareous,  and  from  15  to  20  of  iron ;  this  last  constituent  is  considered  to  be  the 
cause  of  its  property  of  hardening  under  water.  The  iron  decomposes  the  water  of  the 
mortar,  and  thus  in  a  very  short  time  a  new  compound  is  formed.  According  to  Vitruvius, 
when  used  for  buildings  m  the  water,  2  parts  of  Puzzolana  were  mixed  with  1  of  mortar. 
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OLA88. 

1 868.  Glass  is  a  combination  of  silex  with  fixed  alkali,  generally  soda,  llie  mixture 
when  calcined  .receives  the  name  of  frit,  which,  after  the  removal  of  all  its  impurities,  is 
conveved  to  the  furnace  and  melted  in  Urge  pots  or  crucibles  till  the  whole  mass  becomes 
beautifully  clear,  and  the  dross  rises  to  the  top.  After  being  formed  into  the  figures 
required,  it  is  annealed  or  tempered  by  being  placed  in  an  appropriate  fiirnaoe.  The  fine- 
ness  depends  on  the  purity  and  proportion  of  the  ingredients.  An  extremely  fine  crystal 
glass  is  obtained  from  16  parts  of  quarts,  8  of  pure  potash,  6  of  calcined  borax,  3  of  flake 
white,  and  1  of  nitre.  The  specific  gravity  of  glass  is  about  2600 ;  of  French  plates,  S840 ; 
of  English  flint  glass,  Si)SO.  Glass  is  extremely  elastic,  and  less  dilatable  by  heat  than 
metallic  substances. 

1 869.  Crown  glan  is  the  best  sort  of  window  glass,  differing  firom  flint  glass  in  its  con- 
taining no  lead  nor  any  metallic  oxide  except  manganese,  and  sometimes  oxide  of  cobalt, 
in  minute  portions,  for  correcting  the  colour,  and  not  as  a  flux.  It  is  compounded  of  sand, 
alkali,  either  potash  or  soda,  the  vegetable  ashes  that  contain  the  alkali,  and  generally  a 
small  portion  of  lime.  To  £EU!ilitate  fusion,  a  small  dose  of  arsenic  is  frequently  added. 
ZaflTre  or  oxide  of  cobalt,  in  the  proportion  of  1  ounce  for  1000  pounds,  is  added,  to  correct 
the  colour ;  but  when  the  sand,  alkali,  and  lime  are  very  fine,  and  no  other  ingredients 
are  used,  zaffre  is  not  required.  In  London  were  formerly  made  two  sorts  of  crown  glass. 
The  Ratcliffe  crown  glass,  which  was  the  cheapest  and  best,  whereof  24  tables  went  to 
the  case ;  each  table  being  3  feet  6  inches  diameter.  The  Lambeth  glass  was  of  a  darker 
and  greener  colour.  From  the  great  disadvantage  of  manufacturing  window  glass  where 
fuel  is  so  dear,  we  have  not  now  left  a  glass-house  in  the  metropolis.  Bristol  and  New- 
castle are  now  the  chief  seats  of  its  manufacture. 

1 870.  The  manufitcture  of  common  window  glass  is  conducted  differently  from  that  of 
flint  glass  articles,  the  object  being  to  produce  a  large  flat  thin  plate  of  glass,  which  is 
afterwards  by  the  glazier's  diamond  cut  into  the  requisite  shape.  It  is  blown  in  circular 
plates,  varying  from  3  feet  6  inches  to  4  and  5  feet  diameter,  and  the  process  is  as  follows : 
—  The  workman,  having  a  suflScient  mass  of  melted  metal  on  his  blow-pipe,  rolls  it  on  an 
iron  plate,  and  then,  swinging  it  backwards  and  forwards,  causes  it  by  its  own  gravity  to 
lengthen  into  a  cylinder,  which  is  made  and  brought  to  the  required  thinness  by  blowing 
with  a  fan  of  breath,  which  persons  accustomed  to  the  work  know  how  to  manage.  The 
hollow  cylinder  is  then  opened  by  holding  it  to  the  fire,  which,  expanding  the  air  confined 
within  it  (the  hole  of  the  blow-pipe  being  stopped),  bursts  it  at  the  weakest  part,  and 
while  still  soft  it  is  opened  out  into  a  flat  plate  by  the  centrifugal  force ;  and  being  dis- 
engaged from  the  rod,  a  thick  knob  is  left  in  its  centre.  It  is  then  placed  in  a  certain  part 
of  the  furnace  to  undergo  the  process  of  annealing.  When  the  table  is  cut  for  use,  the 
centre  part  in  which  the  knob  remains  is  called  knob-glcut,  and  is  used  only  for  the  com- 
monest purposes. 

]  871.  Tables  are  now  made  of*  such  a  sixe  tliat  squares  may  be  procured  33  inches  by 
25,  and  even  larger. 

1 872.  The  three  qualities  of  glass  in  common  use  are  called  best,  second,  and  third ; 
the  last  is  of  a  very  green  hue,  and  only  used  for  inferior  buildings.  These  are  all  of  them 
sold  by  the  eraie,  at  the  same  price,  the  difference  being  made  up  by  varying  the  number 
of  the  tables  contained  in  it.  Thus  a  crate  of  best  crown  glass  contains  twelve  tables ;  of 
seconds,  a  crate  contains  fifteen  ;  and  of  thirds,  eighteen  tables. 

1 873.  German  sheet  glass  was  formerly  much  in  demand  here ;  but  the  great  com- 
petition that  has  lately  grown  up  in  the  manufiuture  of  English  plate  glass,  which  has 
been  much  lowered  in  price,  has  brought  this  last  into  very  extended  use ;  and  wc  seem 
likely  to  rival,  if  not  surpass,  the  French  in  the  manu&cture  of  it 

]  874.  Plate  ffkus  is  so'  cslled  from  its  being  cast  in  large  sheets  or  plates.  Its  con- 
stituent parts  are  white  sand,  cleansed  with  purified  pearl-ashes,  and  borax.  If  the  metal 
should  appear  yellow,  it  is  rendered  pellucid  by  the  addition,  in  equal  small  quantities,  of 
manganese  and  arsenic.  It  is  cast  on  a  large  horizontal  table,  and  all  excrescences  are 
pressed  out  by  passing  a  large  roller  over  the  metal.  To  polish  it,  it  is  laid  on  a  large 
horizontal  block  of  fireestone,  perfectly  smooth,  and  then  a  smaller  piece  of  glass,  fastened 
to  a  plank  of  wood,  is  passed  over  the  other  till  it  has  received  a  due  degree  of  polish. 
For  the  purpose  of  faciUtating  the  process,  water  and  sand  are  used,  as  in  the  polishing  of 
marble ;  and,  lastly,  Tripoli,  smalt,  emery,  and  putty,  to  give  it  lustre  ;  but  to  give  it  the 
finishing  polish  the  powder  of  smalt  is  used.  Except  in  the  very  largest  plates,  the  work- 
men polish  their  glass  by  means  of  a  plank  having  four  wooden  handles  to  move  it,  and  to 
this  plank  a  plate  of  glass  is  cemented. 

1 875.   Pliny  gives  the  following  account  of  the  discovery  of  manufacturing  gloss,  which 
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was  well  known  in  Aristotle's  time,  350  b.  c.  **  A  merchant  rsesel,  laden  with  nitre  or 
fossil  alkali,  being  driven  on  the  coast  of  Palestine,  near  the  river  Bel  us,  the  crew 
accidentally  supported  the  kettles  on  which  they  dried  their  provisions  on  pieces  of  the 
fossil  alkali ;  the  sand  about  it  was  vitrefied  by  its  union  with  the  alkali,  and  produced 
glass.'*  Though,  according  to  Bcde,  artificers  skilled  in  making  glass  were  brought  into 
England  in  674,  glass  windows  were  not  generally  used  here  till  1 180,  and  were  for  a  con- 
siderable time  esteemed  nuurks  of  great  magnificence. 


Sect.  XIII. 

ASPHALTS. 


1876.  Asphalte  is  a  calcareous  bituminous  substance,  latterly  introduced  into  this 
country  chiefly  for  pavements,  which  (we  speak  of  that  of  Seyssel)  was  first  discovered  at 
Pyrimont,  a  mountain  on  the  eastern  side  of  the  Jura,  and  on  the  right  bank  of  the  river 
Rhone,  one  league  north  of  the  town  of  Seyssel,  and  has  obtidned  its  name  from  its  intimate 
combination  of  asphaltum  and  other  bituminous  substances  with  pure  carbonate  of  lime. 
The  mountain  is  composed  of  blocks  of  stone,  which  being  conveyed  to  the  places  where 
intended  to  be  used,  are  there  reduced  to  powder,  90  parts  whereof  are  placed  in  a 
cauldron  with  10  parts  of  mineral  pitch,  and  exposed  for  a  considerable  time  to  a  heat  of 
600  degrees  of  Faiirenheit.  The  substance  thus  obtained  is  used  in  a  state  of  fusion,  and 
in  a  few  minutes  after  being  laid  down,  it  becomes  so  hard  that  it  is,  with  a  temperature  of 
more  than  100  degrees  of  Fahrenheit,  susceptible  of  no  impression.  It  is,  however,  said, 
nevertheless,  to  retain  an  elasticity,  by  which  it  adapts  itself  to  all  the  action  which,  for  its 
varied  purposes,  it  is  required  to  undergo.  It  has  long  been  in  use  in  the  south  of  France, 
the  footway  of  the  Pont  Moraud,  a  much  frequented  bridge,  at  Lyons,  having  been  paved 
with  it  in  1827,  and  being,  we  believe,  still  in  a  very  sound  state.  At  Fort  TEcIusc,  in  the 
vicinity  of  the  mountain,  a  small  building  covered  with  it  has  withstood  the  cold  of  forty 
Swiss  winters,  and  is  said  still  to  continue  in  a  perfect  state  of  repair.  For  the  last 
fourteen  years,  it  has  been  occasionally  used  to  cover  the  roofs  of  buildings  in  Paris,  a 
purpose  to  which,  for  many  reasons,  we  would  not  recommend  its  application  in  this  country, 
though  for  a  vast  number  of  other  objects  it  seems  admirably  adapted,  such  as  foot  pave- 
ments in  streets,  vaults,  kitchens,  passages,  and  all  places  where  it  is  essential  to  exclude 
moisture,  for  bam  floors,  piggeries,  farm  yards,  and  the  like. 

1 877.  It  b  said  (we  have  had  no  experience  of  it)  to  form  wiUi  gravel  a  good  concrete, 
where  the  soil  is  doubtful  for  bearing  weight,  and  that  it  may  be  used  as  a  cement  for 
foundations,  instead  of  mortar.  It  appears,  from  experience,  not  to  be  inflammable,  a  roof 
at  Bordeaux  adjoining  a  large  house  that  was  burnt  there  not  having  suffered,  though  all 
sorts  of  ignited  materials  fell  upon  it. 

1878.  In  the  years  1832,  1833,  and  1834,  the  asphalte  appears  to  have  been  successfully 
employed  in  constructing  the  fortifications  at  Vinccnnes,  and  also  in  the  military  works  at 
Douay,  Besan9on,  Bourbonne  Ics  Bains,  Grenoble,  and  Lyons. 

1879.  Among  the  arguments  used  by  the  proprietors  of  the  asphalte  of  Seyssel,  here, 
where  it  is  now,  we  believe,  patented,  over  all  the  other  sorts  competing  with  it,  are 
the  following  :  —  that  the  carbonate  of  lime  and  bitumen  being  combined  in  it  by  nature, 
it  is  abaolutdy  perfect  (these  arc  their  words),  while  in  every  artificial  imitation  the 
calcareous  particles  are  merely  enclosed  by  pitch ;  that  the  chalk  is,  consequently, 
unamalgamated,  and  the  composition  susceptible  of  the  extremes  of  heat  and  cold.  Another 
point  of  advantage  whereon  they  insist  is,  Uiat  the  asphalte  of  Seyssel  consists  in  the  large 
proportion  of  the  calcareous  matter  to  the  bitumen,  being  about  83  to  17;  while  the 
combination  effected  by  artificial  means  has  never  exceeded  60  of  chalk  to  40  of  bitumen. 
The  quantity,  they  say,  of  bitumen  to  be  used  should  be  the  smallest  that  will  hold  the 
chalk  in  combination ;  and  that  therefore  the  manufactured  article  contains  more  than  it 
should,  and  will  consequently  expand  in  summer  and  contract  in  winter. 

1880.  Making  great  allowances  for  the  self-interest  which  the  prospectus  of  every 
speculating  company  exhibits,  we  are,  nevertheless,  inclined  to  think  that  the  asphalte  of 
Seyssel  is  a  valuable  and  important  material  for  many  building  purposes,  and  have  no 
doubt  that  it  will  be  extensively  used  in  this  country.  At  present  the  price  is  high,  as 
well  from  the  cost  of  the  material  itself  as  from  the  necessity  of  procuring  a  solid  foundation 
of  concrete,  or  some  other  substance,  whereon  to  lay  it  securely.  There  are  several  spots 
in  the  metropolis,  as  at  Whitehall,  for  instance,  where  it  has  been  used  for  foot  pavements ; 
but  for  other  purposes  we  must  abstain  from  recommending  its  application  until  experience 
shall  justify  the  architect  in  its  employment 
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CHAP.  HI. 

USE   OF    MATERIALS. 

Sect.  I. 

FOUNDATIONS   AKD    D&AIKN. 

1881.  In  the  previous  chapter,  we  have  enumerated  the  principal  materials  used  in 
building ;  we  shall  now  proceed  to  show  how  those  tnaterials  may  be  most  advantageously 
employed ;  but  we  shall  not*  in  the  various  branches  of  the  practice,  again  touch  on 
the  materials  themselves,  which  have  been,  we  conceive,  already  suflficiently  described. 
But  previous  to  entering  upon  the  different  branches  of  practical  building,  we  think  it 
right  to  submit  to  the  reader  a  few  observations  on  that  most  important  of  all  con* 
siderations — a  due  regard  to  the  security  of  the  foundations  on  which  a  building  is  to 
stand,  as  a  preliminary  to  the  works  of  the  bricklayer  and  mason,  as  the  case  may  be.  No 
advance  or  improvement  has  been  made  in  this  branch  of  architecture,  as  a  science,  unoe 
the  time  of  the  ancients.  The  advice  of  Vitruvius  may  still  be  followed  with  safety.  In 
England,  the  recent  introduction  of  concrete  has  superseded  the  use  of  wood  under  walls  in 
the  earth ;  and  piles  are  now  quite  exploded,  except  for  the  piers  of  bridges  and  other 
situations  in  which  they  can  constantly  be  kept  wet 

1 882.  The  best  soils  for  receiving  the  foundations  of  a  building  are  rock,  gravel,  or 
dose-pressed  strong  sandy  earth ;  "  but,"  says  L.  B.  Alberti,  **  we  must  never  trust  too 
hastily  to  any  ground,  though  it  may  resist  the  pick-axe,  for  it  may  be  in  a  plain,  and  be 
infirm,  the  consequence  of  which  might  be  the  ruin  of  the  whole  work.  I  have  seen  a 
tower  at  Mestre,  a  place  belonging  to  the  Venetians,  which,  in  a  few  years  after  it  was 
built,  nuide  its  way  through  the  ground  it  stood  upon,  which,  as  the  fiwt  evinced,  was  a 
loose  weak  soil,  and  buried  itself  in  earth  up  to  the  very  battlements.  For  this  reason, 
they  are  very  much  to  be  blamed  who,  not  being  provided  by  nature  with  a  soil  fit  to 
support  the  weight  of  an  edifice,  and  lighting  upon  the  ruins  or  remains  of  some  old 
structure,  do  not  take  the  pains  to  examine  the  goodness  of  the  foundation,  but  incon- 
siderately raise  great  piles  of  building  upon  it,  and  out  of  the  avarice  of  saving  a  little 
expense,  throw  away  all  the  money  they  lay  out  in  the  work.  It  is,  therefore,  excellent 
advice,  the  first  thing  you  do,  to  dig  wells,  for  several  reasons,  and  especially  in  order  to  get 
acquainted  with  the  strata  of  the  earth,  whether  sound  enough  to  bear  the  superstructure, 
or  likely  to  give  way."  It  is  important,  previous  to  laying  the  foundations,  to  drain  them 
completely,  if  possible,  not  only  firom  the  rain  and  other  water  that  would  lie  about,  but 
from  the  land  water  which  is,  as  it  were,  pent  up  in  the  surrounding  soiL  In  soft,  loose, 
and  boggy  ground,  the  use  of  concrete  will  be  found  very  great ;  and  in  these  soils,  more- 
over, the  width  and  depth  it  should  be  thrown  in,  should,  as  well  as  the  lower  courses  of  the 
foundation,  be  proportioned  inversely  to  the  badness  of  the  soil.  Clay  of  the  plastic  kind  is 
a  bad  foundation,  on  account  of  the  continual  changes,  from  heat  and  moiifture,  to  which  it  is 
subject,  and  which  often  cause  it  so  to  expand  and  contract  as  to  produce  very  alarming 
settlements  in  a  building.  The  best  remedy  against  this  inconvenience  is  to  tie  the  walls 
together  bv  the  means  of  chain  plates,  buried  in  the  centre  of  the  footings,  and  on  the  top 
of  the  landings  that  rest  on  the  concrete  ;  these  plates  to  be,  of  course,  connected  at  the 
returning  angles,  so  as  to  encompass  the  whole  building.  In  these  cases,  the  clay  must 
be  excavated  to  make  room  for  the  concrete.  This  will  be  found  an  effectual  remedy  in 
clay  soils. 

1 883.  If  the  soil  be  a  sound  gravel,  it  will  want  little  more  than  ranuning  with  heavy 
rammers ;  and  if  the  building  he  not  very  heavy,  not  even  that 

1 884.  Where  vaults  and  cellars  are  practised,  the  whole  of  the  soil  must,  of  course,  be 
excavated ;  but  where  they  are  not  required,  trenches  are  dug  to  receive  the  walls,  which, 
in  both  cases,  must  be  proportioned  in  strength  to  the  weight  of  the  intended  super- 
structure and  its  height.  In  general  terms,  we  may  direct  the  depth  of  foundations  to  be 
a  sixth  part  of  the  height  of  the  building,  and  the  Uiickness  of  the  walls  twice  that  of 
those  that  are  raised  upon  them.  Care  must  be  taken  tliat  that  which  is  to  receive  the 
footings  of  the  walls  be  equable;  otherwise,  where  external  and  internal  walls  are  connected 
together,  the  former,  being  the  heaviest,  may  settle  more  than  the  latter,  thereby  causing 
ftactures,  which,  though  not,  perhaps,  dangerous,  are  extremely  disagreeable  in  appearance. 
The  lower  courses,  which  are  called  the  footings  of  the  wall,  are  often  laid  dry  ;  and,  per- 
haps, at  all  events,  a  sparing  use  of  mortar  in  a  spot  loaded  with  the  greatest  pressure  should 
be  preferred.     If  the  footings  be  of  stone,  very  particular  attention  should  be  bestowed  on 
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pUcing  the  rtone  in  the  eounei  in  the  ««me  direction  or  bed  u  it  lay  in  the  quarry,  M 
prevent  its  splitting. 

iaH5.    In  fbundaUons  where,  ftom  cetumiu  oi  iribU  pien  prea 
there  vould  be  m  liability,  fiwn  uneven  bearing,  to  puiial  biluri 
^m  ■  very  early  period,  to  turn  in.    _ 
verted  arcbei  (aeefig.eiS.)  to  catch    I 
on  their  ipringing  the  weight  to  be    I 
provided  against,  by  which  meant  such    I 
weight  it  equally  dixtributed  through-    I 
out    the    length    of   the    foundation.    I 
"  Standing  thus,"  mys  our  matter  Al-    I 
berti,  "they  (the  cxilumni  or  wnghta)    I 

irill  be  lea)  apt  to  force  th«r  way  into  n,,  tu, 

the  earth  in  any  one  place,  the  weight 

being  counterpoised  and  thrown  equally  on  both  ndei  on  the  props  of  the  archea      And 
bow  apt  columns  are  to  drive  into  the  ground,  by  mean*  of  the  great  pressure  of  the  weight 
l^d  on  them,  is  manifest  Irom  that  comer  of  the  noble  temple  of  Vespasian  that  stands 
to  the  north-west ;  fiir,  b»ng  desirous  to  leave  the  public  way,  which  was  intemipted  by 
that  angle,  a  &ee  and  open  poaage  underneath,  they  broke  the  area  of  their  platform,  and 
turned  an  arch  against  the  wall,  leasing  that  coi  .     -    -.     .  ....... 

the  passage,  and  fortipfing  it  as  well  as  possible 
of  a  buttress.  Yet  this,  at  hut,  by  the  vast  wei 
way  of  tbe  earth,  became  ruinous. ' 

1886.  It  is  most  important,  when  the  walls  are  rused  on  the  foundations,  and  brought 
up  a  little  above  the  level  of  the  earth,  to  take  care  that  the  earth,  most  especially  if 
moist,  should  not  lie  against  them  ;  for  if  walls,  before  they  are  dry  and  settled,  imbibe 
mmsture,  they  rarely  ever  port  with  it,  and  thence  gradually  impart  rot  to  the  timbers 
throughout  the  house.  In  oil  buildings,  it  is  on  ol^ect  to  have  a  second  thin  wall  outude 
the  basement  walls,  so  as  to  leave  between  it  and  them  a  cavity  fot  the  eircuUtton  of  the 
air,  such  cavity  being  technically  called  an  air-drai»,  Thi»  a  in  all  cose*  desirable,  but  in 
moist  and  loose  soils  it  is  essentially  necessary  for  the  durability  of  the  building,  as  well 
u  for  the  health  of  those  who  are  to  dwell  in  it. 

1887.  Wt,  perhaps,  might  hare  more  properly  spoken  first  of  the  subject  of  drainage 
■nd  sewers,  whereof  it  now  becomes  our  duty  to  give  some  information,  inasmuch  as  before 
a  brick  or  stone  of  any  building  be  laid,  the  srcbiteet  neglects  his  duty  if  he  has  not  pro- 
vided for  perfect  drainage  in  the  lowest  parts  of  the  structure.  This  must  not  be  by  the 
ud  of  a  araall  stagnant  tank,  called  a  rtMtpool,  crf\en  the  cause  of  much  disesse  in  a  fiunily  ; 
but  by  means  of  a  drain  into  tonie  running  stream  at  a  distance  ftom  the  building,  or,  if 
tbat  bo  not  practicable,  into  some  6u-  removed  pond,  whose  exhalations  shall  not  be  blown 
by  tbe  prevalent  winds  of  the  spot  back  upon  the  place  where  they  were  generated,  in  a 
difitrent  fomL  Nnther  does  the  health  alone  of  the  family  whose  comfbrt  is  to  he  pro- 
vided fbr,  demand  this  consideration  of  drainage;  for  the  durability  of  tbe  structure  is  quite 
as  much  involved  in  good  drainage  as  is  the  health  of  the  bmily  whose  dwelling-place  the 
house  is  to  become:   hence  we  are  the  more  earnest  in  pressing  the  point.      In  cities,  the 

but  in  the  country,  he  is  uupardonahle  if  he  neglect  so  necessary  a  provision.  In  London 
and  its  suburbs,  the  laying  down  of  efficient  sewage  has  been  gradually  proceeding  ;  and  in 
half  a  centurv,  should  it  proceed  at  the  same  rate  that  it  has  during  the  Isst  fifteen  years, 
we  apprehend  that  there  will  be  no  city  in  Kurope  possessing  so  good  a  drainage. 

1888.  The  main  drain  necessary  for  the  service  of  the  largest  house  (we  suppose  the 
case  of  one  in  the  country),  if  the  &11  given  it  be  even  but  moderate,  requires  no  very 
large  dimensions.  When  we  recollect  that  a  small  river,  draining  a  very  conuderable  tract 
of  country,  is  often  in  its  section  only  8,  9,  or  10  feet  superficial,  it  will  easily  be  conceived 
that  tbe  surplus  from,  and  rain  water  fidting  on  a  mansion,  is  a  quantity,  even  at  the  most 
preaeiDg  limes,  requiring  littte  area  of  discbarge  to  fi'eo  the  place  from  damp.  There  are 
lew  cases  in  which  the  largest  mansion  would  require,  fbr  its  m^n  branch  of  drainage,  sn 
area  of  more  than  5  feet,  which  would  be  given  by  a  sewer  or  drain  a  ft.  by  9  ft.  1  in., 
supposing  its  section  to  be  (hat  of  a  paralldogram  ;  but  of  course,  where  the  &11  permits, 
there  is  no  objection  to  larger  dimensions.  It  will  be  hardly  necessary  to  recommend  that 
drains  ahould,  as  well  for  their  durability  as  on  other  acoounta.  be  constructed  with  curved 
bottoms.  It  is  surprtong  that  some  (at  least  one)  eommiatoDs  of  sewers  about  the  me- 
tropolis should  still  perast  in  constructing  their  principal  drains  with  flat  bottoms,  offering 
an  additional  impediment,  by  increased  friction,  to  the  more  rapid  dischnrge  of  the  water. 
Thus,  for  instance,  let  us  take  the  lower  parts  of  two  druna  whose  running  depth  of  water 
'-  '  '--it,  one  whereof  ia  formed  with  a  semicircular  bottom,  a  feet  wide  ;  the  ares  of  the 
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aides  upright,  we  must  have  the  width  1  '5706 »  and  the  sum  of  the  three  sides  touched  by 
the  water  will  be  3*5708.  Then  3*5708  — 3*1 416a  *4292  represents  roughly  the  difference 
of  friction  or  impediment  in  favour  of  the  semicircular  bottom  in  the  case  stated,  nearly 
^  of  the  power  being  lost  by  the  use  of  a  flat  bottom. 


Sbct.  II. 

SaiCKLATIKO    AND   TILING. 

1 889.  Bricklaying,  or  the  art  of  building  with  bricks,  or  of  uniting  them  by  cement  or 
mortar  into  various  forms,  includes,  in  the  metropolis,  and  mostly  in  the  provinces,  the  busi- 
ness of  wallinff,  tiling,  and  paving  with  bricks  or  tiles,  and  sometimes  plastering ;  but  this 
last  is  rarely,  if  ever,  undertaken  by  the  London  bricklayer ;  though  in  the  country  the 
trades  of  bricklaying  and  plastering  are  usually  united,  and  not  unfrequently  that  of  ma- 
sonry also.  The  materials  used  have  been  described  in  a  previous  part  of  the  work,  to 
which  the  reader  is  referred  (1811.  et  seg.). 

1890.  The  tools  used  by  the  bricklayer,  who  has  always  an  attendant  labourer  to  supply 
him  with  bricks,  mortar,  &c.,are  — 1.  A  brick  trowelj  for  taking  up  and  spreading  the 
mortar,  and  also  for  cutting  the  bricks  to  any  required  length.  S.  A  hammer,  for  cutting 
holes  and  chases  in  brickwork.  3.  The  plumb  rtde,  being  a  thin  rule,  6  or  7  inches  wide, 
with  a  line  and  plummet  swinging  in  the  middle  of  it,  in  order  to  ascertain  that  the  walls 
are  carried  up  perpendicularly.  4.  The  level,  which  is  about  10  or  12  feet  long,  with  a 
vertical  rule  attached  to  it,  in  which  a  line  and  plummet  are  suspended,  the  use  whereof  is 
to  try  the  level  of  the  walls  at  various  stages  of  the  building  as  it  proceeds,  and  particularly 
at  the  window  cills  and  wall  plates.  5.  The  lar^e  equate,  for  setting  out  right  angles. 
6.  The  rod,  for  measuring  lengths,  usually  5  or  10  feet  long.  7.  The  jointing  rule,  about 
8  or  1 0  feet  long,  as  one  or  two  bricklayers  are  to  use  it,  and  4  inches  broad,  with  which 
they  run  or  mark  the  centre  of  each  Joint  of  the  brickwork.  8.  The  Jointer,  which  is  of 
iron,  shaped  like  the  letter  S.  9.  The  con^Mueet,  for  traversing  arches  and  vaults.  10.  The 
raker,  a  piece  of  iron  having  two  knees  or  angles,  dividing  it  mto  three  parts  at  right  angles 
to  each  other,  the  two  end  parts  being  pointed  and  equally  long,  and  standing  upon  contrary 
sides  of  the  middle  part  Its  use  is  to  rake  out  decayed  mortar  from  the  joints  of  old  walls 
for  the  purpose  of  replacing  it  with  new  mortar,  or,  as  it  is  called,  pointing  them.  1 1.  The 
kod,  which  is  a  wooden  trough  shut  close  across  at  one  extremity  and  open  at  the  other. 
The  sides  consist  of  two  boards  at  right  angles  to  each  other,  from  the  meeting  whereof  a 
handle  projects  at  right  angles  to  their  union.  It  is  used  by  the  labourer  for  conveying 
bricks  and  mortar  to  the  bricklayer ;  for  which  purpose,  when  he  has  the  latter  office  to 
perform,  he  strews  dry  sand  on  its  inside,  to  prevent  the  mortar  from  sticking.  12.  The 
line  pine,  which  are  of  iron,  for  fiutening  and  stretching  the  line  at  proper  intervals  of  the 
wall,  that  each  course  may  be  kept  straight  in  the  face  and  level  on  the  bed.  The  pins  have 
a  line  attached  to  them  of  60  ft.  to  each  pin.  1 3.  The  rammer,  used  for  trying  the  ground, 
as  well  as  for  beating  it  solid  to  the  utmost  degree  of  compression.  1 3.  llie  iron  crotc  and 
pick  axe,  for  breaking  and  cutting  through  walls  or  moving  heavy  weights.  14.  The  grind- 
ing Mtone,  for  sharpenmg  axes,  hammers,  and  other  tools»  The  following  ten  articles  relate 
entirely  to  the  preparation  and  cutting  of  guaged  arches.  15.  The  banker,  which  is  a  bench 
from  6  to  IS  ft.  long,  according  to  the  number  of  workmen  who  are  to  work  at  it.  It  is 
2  ft.  6  in.  to  3  ft.  wide,  and  about  2  ft  8  in.  high.  Its  use  is  for  preparing  the  bricka 
for  rubbed  arches,  and  for  other  guaged  work.  16.  The  camber  iUp,  a  piece  of  wood 
usually  about  half  an  inch  thick,  with  at  least  one  curved  edge,  rising  about  1  inch  in 
6  feet  for  drawing  the  sofite  line  of  straight  arches.  When  the  other  edge  is  curved,  it 
rises  about  half  that  of  the  other,  that  is,  about  half  an  inch  in  6  feet,  for  the  purpose  of 
drawing  the  upper  line  of  the  arch,  so  as  to  prevent  it  becoming  hollow  by  the  settling  of 
the  arch.  The  upper  edge  is  not  always  cambered,  many  preferring  it  straight  The  slip 
being  sufficiently  long,  it  answers  the  width  of  many  openings ;  and  when  the  bricklayer  has 
drawn  his  arch,  he  delivers  it  to  the  carpenter  to  prepare  the  centre  for  it  1 7.  The  rubbing 
ttone.  This  is  of  a  cylindrical  form,  about  20  inches  diameter,  but  may  be  less.  It  is  fixed  at 
one  end  of  the  banker,  upon  abed  of  mortar.  After  the  bricks  for  the  guaged  work  have 
been  rough-shaped  by  the  axe,  they  are  rubbed  smooth  on  the  rubbing  stone.  The  headers 
and  stretchers,  in  return,  which  are  not  axed,  are  called  rubbal  relume  and  rubbed  headers 
and  stretchers.  18.  The  bedding  stone,  which  is  a  straight  piece  of  marble  18  or  20  inches  in 
length,  of  any  thickness,  and  about  8  or  10  inches  wide.  It  is  used  to  try  the  rubbed  side  of  a 
brick,  which  must  be  first  squared  to  prove  whether  its  surfi^e  be  straight  so  as  to  fit  it 
upon  the  leading  skew  back,  or  leading  end  of  the  arch.  1 9.  The  square,  for  trying  the 
bedding  of  the  bricks,  and  squaring  the  sofites  across  the  breadth  of  the  bricks.  20.  The 
bevel,  for  drawing  the  sofite  line  on  the  face  of  the  bricks.     21.  The  mould,  for  forming  the 
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(aee  and  bock  of  the  brick,  in  order  to  reduce  it  in  thickness  to  its  proper  taper,  one  edge 
of  the  mould  being  brought  close  to  the  bed  of  the  brick  when  squared.  The  mould  has  a 
notch  for  every  course  of  the  arch.  22.  The  aeribe,  a  spike  or  large  uul,  ground  to  a  sharp 
point,  to  mark  the  bricks  on  the  fiuse  and  back  by  the  tapering  edges  of  the  mould,  for  the 
purpose  of  cutting  them.  23.  The  tin  aaw  used  for  cutting  the  sofite  lines  about  one  eighth 
of  an  inch  deep,  first  by  the  edge  of  the  level  on  the  face  of  the  brick,  then  by  the  edge  of 
the  square  on  the  bed  of  the  brick,  in  order  to  enter  the  brick  axe,  and  to  keep  the  brick 
from  spalting.  The  saw  is  also  used  for  cutting  the  sofite  through  its  breadth  in  the  direc- 
tion of  the  tapering  lines,  drawn  upon  the  face  and  back  edge  of  the  brick  ;  but  the  cutting 
is  always  made  deeper  on  the  fiM»  and  back  of  the  brick  than  in  the  middle  of  its  thickness, 
for  the  above-mentioned  purpose  of  entering  the  axe.  The  saw  is  also  used  for  cutting  the 
fiilse  joints  of  headers  and  stretchers.  24,  The  bridi  axe,  for  axing  off  the  sofites  of  bricks 
to  the  saw  cuttings,  and  the  sides  to  the  lines  drawn  by  the  scribes.  The  bricks  being 
always  rubbed  smooth  after  axing,  the  more  truly  they  are  axed  the  less  labour  will  be 
requisite  in  rubbing  them.  25.  The  templet,  lliis  is  used  for  taking  the  length  of  the 
stxetcher  and  width  of  the  header.  26.  The  chopping  blockt  for  reducing  the  bricks  to  their 
intended  sixe  and  form  by  axing  them.  It  is  nuuie  of  any  piece  of  wood  that  comes  to 
hand,  from  6  to  8  inches  square,  and  generally  supported  upon  two  14-inch  brick  piers,  if  only 
two  men  work  at  it ;  but  if  four  men,  the  chopping-block  must  be  lengthened  and  supported 
by  three  piers,  and  so  on  according  to  the  number  employed  at  it.  It  is  about  2  ft.  3  in.  in 
height.  27.  Thejloat'^tone,  which  is  used  for  rubbing  curved  work  to  a  smooth  surfiice, 
such  as  the  cylindrical  backs  and  spherical  heads  of  niches,  to  take  out  the  axe  marks.  It 
is,  before  application  to  them,  made  of  a  form  reversed  to  the  surfiwe  whereon  it  is  applied, 
so  as  to  coincide  with  it  as  nearly  as  possible  in  finishing. 

1891.  Before  adverting  to  the  bond,  as  it  is  technically  called,  of  brick  walling,  which  ia 
the  form  of  connection  of  the  bricks  with  each  other,  we  will  stop  to  observe,  that  in  working 
waUs,  not  more  than  4  or  5  feet  should  be  brought  up  at  a  time ;  for  as,  in  setting,  the 
mortar  shrinks  and  a  general  subsidence  takes  place,  the  part  first  brought  up,  if  too  large 
in  quantity,  will  have  come  to  its  bearing  before  the  adjacent  parts  are  brought  up,  and  thus 
fissures  in  Uie  work  and  unequal  settlements  will  take  place.  In  carrying  up  any  particular 
part  above  another,  it  should  always  be  r^^ularly  slop^  back  to  receive  the  adjoining  parts 
to  the  right  and  to  the  left.  On  no  account  diould  any  part  of  a  wall  be  carried  higher 
than  one  scaffold,  except  for  some  very  urgent  object. 

1892.  Previous  to  the  reign  of  William  and  Mary,  all  the  brick  buildings  in  this  island 
were  constructed  in  what  is  called  English  bond ;  and  subsequent  to  the  reign  in  question, 
when,  in  building  as  in  many  other  cases,  Dutch  fashions  were  introduced,  we  regret  to 
say,  much  to  the  ix\jury  of  our  houses'  strength,  the  workmen  have  become  so  infittuated 
with  what  is  called  Flemish  bond,  that  it  is  difficult  to  drive  them  out  of  it.  To  the  intro- 
duction of  the  latter  has  been  attributed  (in  many  cases  with  justice)  the  splitting  of 
walls  into  two  thicknesses ;  to  prevent  which,  expedients  have  been  adopted,  which  would 
be  altogether  unnecessary  if  a  return  to  the  general  use  of  English  bond  could  be  esta- 
blished. 

1893.  In  chap.  i.  sect  x.  of  this  book  (1550.  et  aeq.y  we  have  spoken  generally  on 
waUs;  our  observations  here,  therefore,  in  req>ect  of  them,  will  be  confined  to  brick 
walls  and  their  bond. 

1894.  English  bond  is  that  disposition  of  bricks  in  a  wall  in  which  (except  at  the  quoins) 
the  eowses  are  alternately  composed  oi  headers  and  stretchers.  In  brick  walling,  and  indeed 
in  stone  walling  also,  a  course  means  the  horizontal  layer  of  bricks  or  stones  whereof  the 
wall  is  composed,  being  contained  between  two  faces  parallel  to  the  horizon,  and  terminated 
on  each  side  by  the  vertical  foce  of  the  walL  The  mass  also 
formed  by  brick  or  stones  in  an  arch  are  also  termed  courses,  but 
receive  the  name  of  concentric  courses.  The  term  header  is 
applied  to  a  brick  or  stone  whose  small  head  or  end  is  seen  in 
the  external  foce  of  the  wall ;  and  that  of  stretcher,  to  a  brick  or 
stone  whose  length  is  parallel  to  the  &ce  of  the  wall.  We  are 
therefore  to  understand  by  English  bond,  a  continuation  either 
of  header  or  stretcher,  continued  throughout  in  the  same  course 
or  horizontal  layer,  and  hence  we  have  described  it  as  consisting 
of  alternate  layers  of  headers  and  stretchers  (^g*  616.),  the 
former  serving  to  bind  the  wall  together  in  a  transverse  direc- 
tion or  widthwise,  and  thus  prevent  its  splitting,  whilst  the 
latter  binds  it  lengthwise,  or  in  a  longitudinal  direction.  None 
but  the  English  bond  prevents  the  former  occurrence,  as  work 
executed  in  this  way,  when  so  undermined  as  to  cause  a  fracture, 
separates,  but  rarely  breaks  through  the  solid  brick,  as  if  the  wall 
were  composed  of  one  entire  piece. 

1895.  The  ancient  Roman  brickwork  was  executed  on  this 
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principle ;  and  its  extraordinarj  durability  is  as  much  to  be  attributed  to  that  sort  of  work 
being  used  for  bonding  it  togeUier,  as  to  its  extraordinary  thickness. 

1896.  In  this,  as  well  as  Flemish  bond,  to  which  we  ahaU.  presently  come,  it  will  be  ob- 
served, that  the  length  of  a  brick  being  but  9  inches,  and  its  width  4  J  inches,  in  order  to 
break  the  joints  (that  is,  that  one  Joint  may  not  oome  over  another),  it  becomes  necessary 
near  the  angles  to  interpose  a  quarter  brick  or  6al,  a,  called  a  queen  doeer,  in  order  to  prew 
serve  the  continuity  of  the  bond  in  the  heading  course.  The  bond,  however,  may  equifdly 
be  preserved  by  a  three-quarter  bat  at  the  angle  in  the  stretching  course,  in  which  case 
this  last  bat  is  called  a  king  cheer.  In  each  case  an  horisontal  lap  of  two  inches  and  a  half  is 
left  for  the  next  header.  The  figure  above  given  is  that  of  a  two-brick  or  1 8-inch  wall,  but 
the  student  will  have  no  difficulty  in  drawing,  on  due  consideration  of  it,  a  diagram  of  the 
bond  for  any  other  thickness  of  wall ;  recollecting,  first,  that  each  course  is  formed  either  of 
headers  or  stretchers.  Secondly,  that  every  brick  in  the  same  course  and  on  the  same 
hce  of  the  wall  must  be  laid  in  the  same  direction,  and  that  in  no  instance  is  a  brick  to  be 
placed  with  its  whole  length  against  the  side  of  another,  but  in  such  way  that  the  end  of 
one  may  reach  to  the  middle  of  the  others  that  lie  contiguous  to  it,  excepting  in  the  outside 
of  the  stretching  course,  where  three-quarter  bricks,  or  king  closers,  will  of  course  be  neces- 
sary at  the  ends,  to  prevent  a  continued  upright  joint  in  the  tace  of  the  work.  Thirdly, 
that  a  wall  crossing  at  right  angles  with  another  will  have  all  the  bricks  of  the  same  level 
course  in  the  same  parallel  direction,  whereby  the  angles  will  be  completely  bonded.  We 
shall  close  these  olMervations  with  a  recommendation  to  the  young  architect,  founded  on 
our  own  experience,  on  no  account,  in  any  building  where  soundness  of  work  u  a  desidera- 
tum, to  permit  any  other  than  English  bond  to  be  executed  under  his  superintendence. 

1 897.  Ftemieh  bond  is  that  wherein  the  same  course  consists  alternately  of  headers  and 
stretchers,  which,  iii  appearance,  some  may  fancy  superior  to  that  just  described.  Such  u 
not  our  opinion.  We  think  that  the  semblance  of  strength  has  much  to  do  with  that  of 
beauty  in  architecture.  But  there  is  in  the  sufferance  of  Flemish  bond  a  vice  by  which 
strength  is  altogether  lost  sight  of,  which  we  shall  now  describe.  It  was  formerly,  though  now 
partially,  the  practice  to  face  the  front  walls  of  houses  with  guaged  or  rubbed  bricks,  or  with 
at  least  a  superior  species  of  brick,  as  the  malm  stock  ;  in  the  former  cases,  the  bricks  being 
reduced  in  thickness,  and  laid  with  a  flat  thin  joint  frequently,  what  the  workmen  call  a  putty 

joint,  for  the  external  face,  the  outer  and  inner  work  of  the  same  courses  in  the  same  wall,  not 
corresponding  in  height,  could  not  be  bonded  together  except  where  occasionally  the  courses 
fbll  even,  where  a  header  was  introduced  firom  the  outside  to  tie  or  bond  the  front  to  the  in- 
ternal work.     Hence,  as  the  work  wouM  not  admit  of  this,  except  occasionally,  from  the 
want  of  correspondence  between  the  interior  and  exterior  courses,  the  headers  would  be 
introduced  only  where  such  correspondence  took  place,  which 
would  only  occur  in  a  height  of  several  courses.     Thus  a  wall 
two  bricks  in  thickness,  if  iaced  on  both  sides,  was  very  little 
indeed  better  than  three  thin  walls,  the  two  outer  half  a  brick 
thick,  and  the  middle  one   a  brick  or  9  inches  thick.     Brick- 
layers having  little  regard  for  their  character  will,  if  not  pre- 
vented by  the  architect,  not  only  practise  this  expedient,   but 
will  also,  unless  vigilantly  watched,  when  a  better  sort  of  brick  is 
used  for  the  &cing,  cut  the  headers  in  half  to  effect  a  paltry  saving 
of  the  better  material.     In  walls  of  one  brick  and  a  half  in  thick- 
ness, the  strength  of  the  wall  is  not  diminished  by  the  use  of 
Flemish  bond  so  much  as  in  those  of  greater  thickness,  as  may 
be  seen  by  the  diagram  {Jig.  617.).      Many  expedients  have 
been  invented  to  obviate  the  inconveniences  of  Flemish  bond ; 
but  we  think  it  rather  useful  to  omit  them,  lest  we  should  be 
considered  as  parties  to  a  toleration  of  its  use,  for  the  continu- 
ation whereof  no  substantial  reason  can  be  assigned.      As  we 
have  before  observed,  all  that  can  be  alleged  in  its  favour  is  a  '***  ^^' 

fimcy  in  respect  of  its  appearance :  but  were  the  English  mode  executed  with  the  same 
attention  and  neatness  bestowed  on  the  Flemish  method,  we  should  say  it  was  equally 
beautiful ;  and  therefore  we  shall  thus  close  our  notice  of  it. 

1898.  The  two  principal  matters  to  be  considered  in  brick  walling  are,  first,  that  the 
wall  be  as  strong  as  possible  in  the  direction  of  its  length.  Secondly,  that  it  be  so  con- 
nected in  its  transverse  direction  that  it  should  not  be  capable  of  separating  in  thicknesses. 
To  produce  the  first,  independent  of  the  extraneous  aid  of  bond  timbers,  plates,  &c.,  it  is 
clear  that  the  method  which  affords  the  greatest  quantity  of  longitudinal  bond  is  to  be 
preferred,  as  in  the  transverse  direction  is  that  which  gives  the  greatest  quantity  of  bond  in 
direction  of  the  thickness.  We  will,  to  exemplify  this,  take  a  piece  of  walling  4  bricks 
long,  4  bricks  high,  and  2  bricks  thick,  of  English  bond  :  in  this  will  occur  32  stretchers, 
24  headers,  and  16  half  headers  to  break  the  Joint,  or  prevent  one  Joint  felling  over  another. 
Now,  in  an  equal  piece  of  walling  constructed  in  Flemish  bond,  there  will  occur  only  20 
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stretchers  and  42  headers;  firom  which  the  great  superiority  of  English  bond  may  be  at 
once  inferred. 

1899.  Bond  timber  should  be  used  in  pieces  as  long  as  circumstances  will  admit  Some 
prefer  its  being  laid  in  the  centre  of  the  wall,  in  which  case,  when  dressings  of  wood  are  re- 
quired on  the  interior  face,  wooden  plugs  must  be  provided  to  nail  them  to,  which  are  not 
wanted  where  the  bond  timber  is  laid  flush  with  the  inner  &ce  of  the  wall. 

1900.  It  will  scarcely  be  necessary  to  inculcate  the  propriety  of  the  mortar  beds  being  as 
thin  as  possible.  In  good  sound  work  they  ought  not  to  rise  more  that  1 1  j  inches.  The 
mortar  or  oemoit  should  be  such  as  will  quickly  set,  to  prevent  the  superincumbent  weight 
pressing  the  joints  closer,  and  thereby  causing  settlements  which,  evoi  with  the  greatest 
care,  often  take  place  unequally.  As  often  as  it  is  coigectured,  from  the  nature  of  tiie  soil, 
or  from  the  foundation  bemg  partly  new  and  partly  old,  that  the  work  will  not  come  to  its 
bearing  equally,  it  is  better  to  carry  up  the  suspected  parts  separately,  and  to  leave  at  their 
ends  what  are  called  tootMngf,  by  which  junctions  may  be  made  when  the  weaker  parts  have 
oome  to  their  regular  sound  bearing.  The  thickness  of  walls  has  furnished  the  subject  of 
previous  pages ;  we  shall  therefore  only  add,  that  too  much  care  cannot  be  bestowed  on 
strengthening  all  angles  as  much  as  possible,  and  well  connecting  the  return  of  one  wall  into 
another  ;  that  piers  or  pilasters  are  exceedingly  useful  in  strengthening  walls,  inasmuch  as 
they  act  by  increasing  the  base  whereon  the  whole  stands ;  and,  lastly,  that  in  carrying  up 
waUs  to  any  considerable  height,  it  is  usual  to  diminish  their  thickness  by  seta  off  as  they 
rise.  In  houses,  above  the  ground-floor,  the  sets  off  are  usually  made  on  the  inside,  having 
the  outside  in  one  face  ;  but,  if  it  be  possible,  it  is  better  to  set  off  equally  from  both  &ces, 
because  of  the  better  balance  afforded. 

1901.  A  bricklayer,  with  the  assistance  of  one  labourer,  will  in  one  day  lay  about  1000 
bricks  in  common  walling ;  hence  he  would  complete  a  rod  of  brickwork  in  four  days  and 
a  half,  its  area  being  272^  fl.  superficial  of  the  thickness  of  one  brick  and  a  hal£  When, 
however,  there  are  many  apertures  or  other  interruptions  to  his  work,  he  will  be  propor- 
tionably  longer  time  over  it.  The  weight  of  a  rod  of  brickwork  is  about  thirteen 
tons.  Generally  it  may  be  taken  as  consisting  of  4500  stock  bricks,  allowing  for  waste, 
27  bushels  of  chalk  lime,  and  3  single  loads  of  drift  sand,  or  1 8  bushels  of  stone  lime 
and  3^  single  loads  of  sand.  In  cement,  of  36  bushels,  and  the  same  quantity  of  sharp 
sand. 

1902.  Brieknogffing  is  a  method  of  constructing  a  wall  with  a  row  of  posts  or  quarters 
3  feet  apart,  whose  intervals  are  filled  up  with  brickwork.  It  is  rarely  more  than  the  width 
of  a  brick  in  thickness,  and  the  bricks  and  timbers  on  the  faces  are  flush.  It  should  never 
be  used  where  thickness  can  be  obtained  for  a  nine-inch  wall. 

1 903.  Groined  arches.  A  groin  is  the  angular  curve  formed  by  the  intersection  of  two 
semi-cylinders  or  arches.  When  groins  are  formed  of  cones  they  are  called  conic  groins ; 
but  our  business  here  b  with  the  more  simple  groins  that  occur  in  using  brick  arches. 
The  centering  for  raising  them  belongs  to  the  section  Carpentry,  to  which  the  reader  must 
refer.  The  turning  a  simple  arch  on  a  centre  only  requires  care  to  keep  the  courses  as 
close  as  possible,  and  to  avoid  the  use  of  much  mortar  on  the  inner  part  of  the  .joints.  In 
executing  a  brick  groin,  the  difficulty  arises  from  the  peculiar  mode  of  making  proper  bond 
at  the  intersection  of  the  two  circles  as  they  gradually  rise  to  the  crown,  where  they  fonH 
an  exact  point  In  the  meeting  or  intersecting  of  these  angles,  the  inner  rib  should  be 
perfectly  straight  and  perpenc&cular  to  a  diagonal  line  drawn  on  the  plan.  After  the 
centres  are  set,  the  application  of  the  brick  to  the  angle  will  inunediately  show  in  what 
direction  it  is  to  be  cut  With  respect 
to  the  sides,  they  are  turned  as  for  com- 
mon cylindric  vaults.  The  late  Mr.  George 
Tappen,  an  architect  of  great  practical  skill, 
introduced  a  method  of  constructing  groins 
rinng  from  octangular  piers,  which  had  the 
advantage  of  not  only  imparting  strength  to 
the  angle,  which  in  the  common  groin  is  ex- 
tremely deficient,  but  of  increasing  the  space 
for  the  stowage  or  removal  of  goods,  and  /'  y 
further,  of  strengthening  the  angles  of  the  \\ 
groin  in  this  construction  by  carrying  the 
band  round  the  diagonals  (  /ig.  61 8. )  of  equal 
breadth,  and  thus  i^ording  better  bond  to  the 
bricks. 

1904.  Many  ornamental  brick  cornices 
may  be  formed  by  but  little  cutting,  and 
ohiuiging  the  position  of  the  bricks  employed, 
and  several,  indeed,  without  cutting,  by 
chamfering  oply.  fir.  6ia. 
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1905.  Niehei  may  be  formed  in  brickwork.  They  oonstitute  the  moet  diffieult  part  of  the 
bricklayer's  practice.  The  centre  will  be  described  under  the  section  Carpentry.  The 
difficulty  in  forming  them  arises  from  the  thinness  to  which  the  bricks  must  be  reduced  at 
the  inner  circle,  as  they  cannot  extend  beyond  the  thickness  of  one  brick  at  the  crown  or  top, 
it  being  the  usual  as  well  as  much  the  neatest  method  to  make  all  the  courses  standing. 

1906.  TiUnff  is  the  operation  of  laying  the  tiles  on  a  roof  for  the  covering  of  the  building, 
and  is  effected  with  either  plane  tiles  or  pantiles,  the  former  whereof  is  the  most  secure. 
Plane  tiles  are  laid  at  different  guages ;  when  laid  at  a  six-inch  guage,  800  will  cover  u 
square;  at  a  seven-inch  guage,  about  690.     A  plane  tile  weighs  from  2  lbs.  to  S|  lbs. 

1 907.  Pantiling  is  laid  to  a  ten-inch  guage ;  and  180  pantiles,  weighing  from  5  lbs.  to 
5^11)6.  each,  will  cover  a  square.  From  the  frequent  repairs  necessary  to  tiled  roofs, 
slating  has  become  the  most  useful  covering,  and  is  generally  employed,  except  for  the  most 
common  buildings. 

1908.  The  tiler's  tools  are — the  lathing  hammer,  with  two  guage  marks  on  it,  one  at  7 
inches,  the  other  at  7|  inches.  The  lathing  Mtaff,  of  iron,  in  the  form  of  a  cross,  to  stay  the 
cross  laths  and  clinch  the  nails.  The  tiling  trowel^  to  take  up  the  mortar  and  lay  it  on  the  tiles : 
it  differs  from  the  brick  trowel,  in  being  longer  and  narrower.  The  botae,  made  of  wood, 
with  an  iron  hook,  to  hang  on  the  laths  or  on  a  ladder,  for  holding  the  mortar  and  tiles. 
The  MtriktTt  a  piece  of  lath  about  10  inches  long,  for  separating  and  taking  away  the 
superfluous  mortar  at  the  feet  of  the  tiles.  The  hrocmf  to  sweep  the  tiling  after  it  is 
struck. 


Sect.  III. 

MASONRY. 


1 909.  Masonry  is  the  science  of  preparing  and  combining  stones  so  as  to  tooth,  indent,  or 
lie  on  each  other,  and  become  masses  of  walling  and  arching  for  the  purposes  of  building. 
The  tools  of  the  mason  vary  as  the  quality  of  the  stone  upon  which  they  are  to  act.  About 
the  metropolis  the  value  of  stone  is  considerable ;  and  it  is  accordingly  cut  into  slips  and 
scantlings  by  a  saw  moved  horizontally  backwards  and  forwards  by  a  labourer.  In  those 
parts  where  stone  is  abundant,  it  is  divided  into  smaller  scantlings  *by  means  of  wedges. 
The  principal  tools  of  the  mason  are  the  maUtt  and  ehiselg,  the  latter  being  formed  of  iron, 
except  at  the  steel  end,  and  the  cutting  edge  being  the  vertical  angle.  The  end  of  the 
chisel  struck  by  the  mallet  is  a  small  portion  of  a  spherical  surfiice,  and  projects  on  all 
sides  beyond  the  adjoining  part  or  hand  hold,  which  increases  in  magnitude  towards  the 
middle  of  the  tool,  to  the  entering  or  cutting  edge.  The  other  tools  of  the  mason  are  a 
level,  a  plumb-rule,  a  square,  a  bevel,  straight  and  circular  rules  of  divers  sorts,  for  trying 
surfrices  in  the  progressive  states  of  the  work. 

1910.  In  London,  the  tools  used  to  work  the  fiuse  of  a  stone  are,  successively,  the  4>oint^ 
the  inch  tool,  the  boatter  (the  operation  of  working  with  which  is  called  hoaaing,  as  that 
with  the  point  is  called  pointing"),  and  the  broad  tooL  The  use  of  the  point  leaves  the  stone 
in  narrow  furrows,  with  rough  ridges  between  them,  which  are  cut  away  by  the  inch  tool, 
and  the  whole  made  smooth  by  the  boaster.  The  point  is  from  |  to  }  of  an  inch  broad,  the 
boaster  is  2  inches  wide,  and  the  broad  tool  Si  inches  at  the  cutting  edge,  which  in  use  is 
always  kept  perpendicular  to  the  same  side  of  the  stone.  It  performs  two  sorts  of  opera- 
tions. Thus,  imagine  the  impression  made  by  the  whole  breadth  of  the  tool  at  the  cutting 
edge  to  be  called  a  cavity ;  in  one  operation,  the  successive  cavities  follow  one  another  in 
the  same  straight  line,  until  the  breadth  or  length  of  the  stone  is  exhausted ;  successive 
equidistant  parallel  lines  are  then  repeated  in  the  same  manner,  until  the  tool  has  passed 
over  the  whole  surface.  This  operation  produces  a  sort  of  fluted  surface,  and  is  called 
stroking.  In  the  other  operation,  each  successive  cavity  is  repeated  in  new  equidistant  lines 
throughout  the  length  or  breadth  of  the  stone ;  then  a  new  series  of  cavities  is  repeated 
throughout  the  length  and  breadth  of  the  stone;  and  thus  until  its  whole  length  or 
breadth  is  gone  through.  This  operation  is  called  tooling.  The  tools  for  working  the  cylin- 
drical and  conical  parts  of  mouldings  are  of  all  sizes,  from  ^  of  an  inch  upwards,  lliose 
for  working  convex  mouldings  are  not  less  than  half  an  inch  broad,  except  the  space  be 
too  confined  to  admit  of  such  breadth. 

1911.  A  stone  is  taken  out  of  winding  principally  with  points,  and  finished  with  the 
inch  tooL  In  London,  the  squared  stone  used  for  facing  buildings  is  usually  stroked,  tooled, 
or  rubbed. 

1912.  In  those  parts  of  the  country  where  the  stone  saved  by  the  operation  of  sawing 
is  not  enough  to  compensate  for  the  labour,  the  operation  is  altogether  performed  with  the 
mallet  and  chisel. 
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191 3.  When  stoikes,  preyioiis  to  the  operetion  of  hewing,  are  very  unshapdy,  a  ttone  cure, 

Jtddifuf  axe,  scabUing'hanuner,  or  cavil,  is  used  to  bring  the  stone  nearly  to  a  shape  ;  one  end 

of  the  jedding  axe  ia  flat,  and  is  used  for  knocking  off  the  most  protuberant  angular  parts, 

when  less  than  right  angles ;  the  other  end  is  pointed  for  reducing  the  different  surfiu;es  to 

nearly  the  intended  form. 

1914.  In  Scotland,  beodes  the  above  described  sorts  of  work,  there  are  some  other  kinds 
termed  droved,  broached,  and  ttriped.  Droving  is  the  same  as  that  called  random  tooling  in 
England,  or  boasting  in  London.  The  chisel  for  broaching  is  called  a  punch,  and  is  the 
same  as  that  called  a  point  in  England.  Broached  work  is  first  droved  and  then  broached, 
as  the  work  cannot  at  once  be  r^ularly  done  with  the  punch.  Striped  work  must  also  be 
first  droved  and  then  striped.  If  broaching  is  performed  without  droving,  which  is  some- 
times done,  it  is  never  so  r^ular,  and  the  surfiu^  is  full  of  inequalities.  Of  the  three  kinds 
of  surfiwes  obtained,  the  droved  is  the  cheapest 

1 915.  It  is  however  to  be  observed,  that  the  workman  will  not  take  the  same  puns  to 
drove  the  face  of  a  stone  which  is  to  be  afterwards  broached,  as  in  that  of  which  the 
droving  is  to  remain  the  final  finish.  When  the  surfiice  of  stone  is  required  to  be  perfectly 
smooth,  it  is  accomplished  by  rubbing  with  sand  or  gritstone,  and  it  is  called  rubbed  work. 
In  Aberdeen,  where  the  stone  is  very  hard,  being  a  granite,  they  use  the  scabbling  hammer, 
by  which  they  pick  the  stone  until  the  surfiice  has  nearly  acquired  the  requisite  form.  This 
sort  of  work  is  called  nufyed-work,  and  the  operation  md^ng. 

WALLING. 

1 91 6.  In  stone  walling  the  bedding  joints  are  usually  horixontal,  and  thb  should  «dways, 
indeed,  be  so  when  the  top  of  the  wall  is  terminated  horizontally.  In  building  bridges, 
and  in  the  masonry  of  fence  waUs  upcm  inclined  surfiuses,  the  bedding  joints  may  follow  the 
general  direction  of  the  work. 

The  footings  of  stone  walls  should  be  constructed  with  stones  as  large  as  may  be,  squared 
and  of  equal  thicknesses  in  the  same  course,  and  care  should  be  had  to  place  the  broadest 
bed  downwards,  llie  vertical  joints  of  an  upper  course  are  never  to  be  allowed  to  fall 
over  those  below,  that  is,  they  must  be  made  as  it  is  called  to  break  joint.  If  the  walls  of 
the  superstructure  be  thin,  the  stones  composing  the  foundations  may  be  disposed  so  that 
their  length  may  reach  across  each  course  firom  one  side  of  the  wall  to  the  other.  When 
the  walls  are  thick,  and  there  is  difillculty  in  procuring  stones  long  enough  to  reach  across 
the  foundations,  every  second  stone  in  the  course  may  be  a  whole  stone  in  breadth,  and 
each  interval  may  consist  of  two  stones  of  equal  breadth,  that  is,  placing  header  and 
stretcher  alternately.  If  those  stones  cannot  conveniently  be  had,  from  one  side  of  the 
wall  lay  a  header  and  stretcher  alternately,  and  from  the  other  side  another  series  of  stones 
in  the  same  manner,  so  that  the  length  of  each  header  may  be  two  thirds,  and  the  breadth 
of  each  stretcher  one  third  of  the  breadth  of  the  wall,  and  so  that  the  back  of  each  header 
may  come  iu  contact  with  the  back  of  an  opposite  stretcher,  and  the  side  of  that  header  may 
come  in  contact  with  the  side  of  the  header  adjoining  the  said  stretcher.  In  foundations  of 
some  breadth,  fiir  which  stones  cannot  be  procured  of  a  length  equal  to  two  thirds  the 
breadth  of  the  foundation,  the  works  should  be  built  so  that  the  upright  joints  of  any 
course  may  fidl  on  the  middle  of  the  length  of  the  stones  in  the  course  below,  and  so  that 
the  back  of  each  stone  in  any  course  may  fiiU  on  the  solid  of  a  stone  or  stones  in  the 
lower  course. 

1917.  The  foundation  should  consist  of  several  courses,  each  decreasing  in  breadth  as 
they  rise  by  sets  off  on  each  side  of  3  or  4  inches  in  ordinary  cases.  The  number  of 
courses  is  necessarily  regulated  by  the  weight  of  the  wall  and  by  the  size  of  the  stones 
whereof  these  foundations  or  footings  are  composed. 

A  wall  which  consists  of  unhewn  stone  is  <»dled  a  rubble  wall,  whether  or  not  mortar  ia 
used.  This  species  of  work  is  of  two  kinds,  coursed  and  uncoursed.  In  the  former,  the 
stones  are  guaged  and  dressed  by  the  hammer,  and  thrown  into  different  heaps,  each  con- 
taining stones  of  the  same  thickness.  The  masonry  is  then  laid  in  horizontal  courses,  but 
not  always  confined  to  the  same  thickness.  The  uncoursed  rubble  wall  is  formed  by 
laying  the  stones  in  the  wall  as  they  come  to  hand,  without  guaging  or  sorting,  being  pre- 
pared only  by  knocking  off  the  sharp  angles  with  the  thick  end  of  the  scabbling  hammer. 

1918.  W^ls  are  most  commonly  buUt  with  an  ashlar  feeing,  and  backed  with  brick  or 
rubble  work.  In  London,  where  stone  is  dear,  the  backing  is  generally  of  brickwork ; 
which  does  not  occur  in  the  north  and  other  parts,  where  stone  is  cheap  and  common. 
Walls  heed  with  ashlar  and  backed  with  brick  or  uncoursed  rubble  are  liable  to  become 
convex  on  the  outside  from  the  greater  number  of  joints,  and,  consequently,  from  the 
greater  quantity  of  mortar  placed  in  each  joint,  as  the  shrinking  of  the  mortar  will  be  in 
proportion  to  the  quantity ;  and  therefore  such  a  wall  is  inferior  to  one  wherein  the  fiunng 
and  backing  are  of  the  same  kind,  and  built  with  equal  care,  even  supposing  both  sides  to 
be  of  uncoursed  rubble,  than  which  there  is  no  worse  description  of  walling.   Where  a  wall 
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consitU  of  an  ashlar  fiusing  outude^  and  the  inside  is  coursed  nibble^  the  courses  at  the 
back  sliould  be  as  high  as  possible,  and  the  beds  should  contain  very  little  mortar.  lA 
Scotland,  where  there  is  abundance  of  stone,  and  where  the  ashlar  ikces  are  exceedingly' 
well  executed,  they  generally  back  with  unooursed  rubble ;  in  the  north  of  England,  where 
they  are  not  quite  so  particular  with  their  ashlar  facings,  they  are  much  more  particular  in 
coursing  the  backings.  Course  rubble  and  brick  backings  admit  of  an  easy  introduction 
of  bond  timber.  In  good  masonry,  however,  wooden  bonds  should  not  be  continued  in 
length  ;  and  they  often  weaken  the  masonry  when  used  in  great  quantity,  making  the  waU 
liable  to  bend  where  they  are  inserted.  Indeed,  it  is  better  to  introduce  only  such  small 
pieces,  and  with  the  fibres  of  the  wood  perpendicular  to  the  face  of  the  wall,  as  are  required 
for  the  fastenings  of  battens  and  dressings. 

1919.  In  ashlar  &cing,  the  stones  ufiually  rise  from  28  to  SO  inches  in  length,  12  inches 
in  height,  and  8  or  9  inches  in  thickness.  Although  the  upper  and  lower  beds  of  an  ashlar, 
as  weU  as  the  vertical  joints,  should  be  at  right  angles  to  the  face  of  the  stone,  and  the 
fiu>e,  bed,  and  vertical  joints  at  right  angles  to  the  beds  in  an  ashlar  facing ;  yet,  when  the 
stones  run  nearly  of  the  same  thickness,  it  is  of  some  advantage,  in  respect  of  bond,  that 
the  back  of  the  stone  be  inclined  to  the  face,  and  that  all  the  backs  thus  inclined  should 
run  in  the  same  direction  ;  because  a  small  degree  of  lap  is  thus  obtained  in  the  setting  of 
the  next  course,  whereas,  if  the  backs  are  parallel  to  the  front,  no  lap  can  take  place  when 
the  stones  run  of  an  equal  depth  in  the  thickness  of  the  wall.  It  is,  moreover,  advan- 
tageous to  select  the  stones  so  that  a  thicker  one  and  a  thinner  one  may  follow  each  other 
alternately.  The  disposition  of  the  stones  in  the  next  superior  course  should  follow  the 
same  order  as  in  the  inferior  course,  and  every  vertical  joint  should  fall  as  nearly  as  possible 
in  the  middle  of  the  stone  below. 

1920.  In  every  course  of  ashlar  fiacing  in  which  the  backing  is  brick  or  rubble,  ftond,  or, 
as  they  are  called  in  the  country,  through  stones  should  be  introduced,  their  number  being 
proportioned  to  the  length  of  the  course ;  every  one  of  which  stones,  if  a  superior  course, 
should  &11  in  the  middle  between  every  two  like  stones  in  the  course  below.  And  this 
disposition  should  be  strictly  attended  to  in  all  long  courses.  Some  masons,  in  carrying 
up  their  work,  to  show  that  they  have  inti^uced  a  sufficient  number  of  bond  stones  into 
their  work,  choose  their  bond  stones  of  greater  length  than  the  thickness  of  the  wall,  and 
knock  or  cut  off  their  ends  afterwards.  But  this  is  a  bad  practice,  as  the  wall  is  liable  to 
be  shaken  by  the  force  used  in  reducing,  by  chiselling  or  otherwise  cutting  away  the  pro- 
jecting part,  and  sometimes  with  the  chance  even  of  splitting  the  bond  stone  itself. 

1921.  In  piers,  where  the  jambs  are  coursed  with  ashlar  m  front,  every  alternate  jamb 
stone  should  go  through  the  wall,  with  its  beds  perfectly  level.  If  the  jamb  stones  are  of 
one  entire  height,  as  is  often  the  case  when  architraves  are  wrought  upon  them,  and  also 
upon  the  lintel  crowning  them,  of  the  stones  at  the  ends  of  the  courses  of  the  pier  which 
are  to  adjoin  the  architrave  jamb,  every  alternate  stone  should  be  a  bond  stone ;  and  if  the 
piers  be  very  narrow  between  the  apertures,  no  other  bond  stones  will  be  necessary  in  such 
short  courses.  When  the  piers  are  wide,  the  number  of  bond  stones  is  to  be  proportioned 
to  the  space.  Bond  stones,  too,  must  be  particularly  attended  to  in  long  courses  above  and 
below  windows.  They  should  have  their  sides  parallel,  and  of  course  perpendicular  to 
each  other,  and  their  horisontal  dimension  in  the  face  of  the  work  should  never  be  less 
than  the  vertical  one.  The  vertical  joints,  after  receding  about  three  quarters  of  an  inch 
from  the  &ee  of  the  work  with  a  close  joint,  should  widen  gradually  to  the  back,  so  as  to 
form  hollow  wedge-like  figures  for  the  reception  of  mortar  and  packing.  The  a4joiiung 
stones  should  have  their  beds  and  vertical  joints  filled  with  oil-putty,  from  the  frice  to  about 
three-quarters  of  an  inch  inwards,  and  the  remaining  part  of  the  beds  with  well-prepared 
mortar.  Putty  cement  is  very  durable,  and  will  roxuun  prominent  when  many  stones  are 
in  a  state  of  dilapidation,  through  the  action  of  the  atmosphere  upon  them.  The  use  of 
the  oil-putty  is  at  first  disagreeable,  from  the  oil  spreading  over  the  surface  of  the  con- 
tiguous stones ;  but  after  a  time  this  unpleasant  look  disappears,  and  the  work  seems  as 
though  of  one  piece. 

1 922.  All  the  stones  of  an  ashlar  fiusing  ought  to  be  laid  on  their  natural  beds.  From 
inattention  to  this  circumstance,  the  stones  often  flush  at  the  joints ;  and,  indeed,  such 
a  position  of  the  lamina  much  sooner  admits  the  destructive  action  of  the  air  to  take 
place. 

1 923.  Where  walls  or  insulated  pillars  of  very  small  dimensions  are  to  be  carried  up, 
every  stone  should  be  carefully  bedded  level,  and  be  without  concavity  in  the  middle.  If 
the  beds  should  be  concave,  as  soon  as  the  superimposed  weight  comes  to  be  home  by  the 
pier  or  pillar,  the  joints  will  in  all  probability  b^in  to  flush ;  and  it  is  moreover  better,  if 
it  be  possible,  to  make  every  course  in  the  masonry  of  such  a  pier  or  pillar  in  one  stone. 

1 924.  When  large  columns  are  obtained  in  a  single  block,  their  effect,  from  that  circum- 
stance alone,  is  very  striking ;  but  as  this  is  not  very  often  to  be  accomplished,  the  next 
point  is  to  have  as  few  and  as  small  joints  as  possible  ;  and  the  different  stones,  moreover,, 
ought  to  be  selected  with  the  view,  as  much  as  possible,  of  concealing  the  joints,  by  having 
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the  blocks  as  much  of  the  same  colours  as  possible.     It  will  immediately,  of  eotine^  occur 
to  the  reader,  that  yertical  joints  in  columns  are  inadmissible. 

COLUMNS. 

19S5.  The  stones  for  an  intended  column  being  procured,  and  the  order  in  which  they 
are  to  be  placed  upon  one  another  having  been  determined,  we  must  correctly  ascertain  the 
exact  diameter  for  the  two  ends  of  each  of  them.  To  effect  this,  draw  an  elevation  of  the 
column  proposed  to  its  full  size,  divide  it  by  lines  parallel  to  the  base  into  as  many  heights 
as  the  column  is  intended  to  contain  stones,  taking  care  that  none  of  the  heights  exceed  the 
lengths  the  stones  wiU  produce ;  the  Working  of  the  stones  to  the  diameters  thus  obtained 
then  becomes  easy.  The  ends  of  each  stone  must  first  be  wrought  so  as  to  form  exactly 
true  and  parallel  planes.  The  two  beds  of  a  stone  being  thus  formed,  find  their  centres, 
and  describe  a  circle  on  each  of  them ;  divide  these  circles  into  the  same  number  of  equal 
parts,  which  nu&y,  for  example,  amount  to  six  or  eight ;  draw  lines  across  each  end  of  the 
stone,  so  that  they  will  pass  through  the  ceiAre  and  through  the  opposite  divisions  of  the 
same  end.  The  extremities  of  these  lines  are  to  regulate  the  progress  of  the  chisel  along 
the  surface  of  the  stone ;  and  therefore,  when  those  of  one  end  have  been  drawn,  those  of  the 
other  must  be  made  in  the  same  plane,  or  opposite  to  them  respectively.  The  cylindrical 
part  of  the  stones  must  be  wrought  with  the  assistance  of  a  straight  edge ;  but  for  the 
swell  of  a  column,  a  diminishing  rule,  that  is,  one  made  concave  to  the  line  of  the  column, 
must  be  employed.  This  diminishing  rule  will  also  serve  to  plumb  the  stones  in  setting 
them.  If  it  be  made  the  whole  length  of  the  column,  the  heights  into  which  the  elevation 
of  the  column  is  divided  should  be  marked  upon  it,  so  that  it  may  be  applied  to  give  each 
stone  its  proper  curvature.  But  as  the  use  of  a  very  long  diminishing  rule  is  inconvenient 
when  the  stones  are  in  many  and  short  lengths,  rules  or  rods  may  be  employed  correspond- 
ing in  length  to  the  different  heights. 

STAias. 

1 926.  Nothing  to  perplex  will  occur  in  carrying  up  stairs  which  are  supported  by  a  wall 
at  both  ends,  because  the  inner  ends  of  the  steps  may  either  terminate  in  a  solid  newel,  or 
be  tailed  into  a  wall  surrounding  an  open  newel.  Where  elegance  is  not  required,  and 
where  the  newel  does  not  exceed  2  feet  6  inches,  the  ends  of  the  steps  may  be  conveniently 
supported  by  a  solid  pillar ;  but  when  the  newel  is  thicker,  a  thin  wall  surrounding  the 
newel  would  be  cheaper.  In  stairs  to  basement  stories,  where  geometrical  stairs  are  used 
above,  the  steps  next  to  the  newel  are  generally  supported  upon  a  dwarf  wall. 

1 927.  In  geometrical  stairsj  the  outer  end  of  each  step  is  fixed  in  the  wall,  and  one  of 
the  edges  of  every  step  supported  by  the  edge  of  the  step  below,  and  formed  with  joggled 
joints,  so  that  no  step  can  descend  in  the  inclined  direction  of  the  plane  nor  in  a  vertical 
direction ;  the  sally  of  every  joint  forms  an  exterior  obtuse  angle  on  the  lower  part  of  the 
upper  step,  called  a  back  rebate,  and  that  on  the  upper  part  of  the  lower  step  of  course  an 
interior  one,  and  the  joint  formed  of  these  sallies  is  called  ^joggle,  which  may  be  level  from 
the  fiice  of  the  risers  to  about  one  inch  within  the  joint.  Thus  the  plane  of  the  tread  of 
each  step  is  continued  one  inch  within  the  surface  of  each  riser ;  the  lower  part  of  the  joint 
is  a  narrow  surihoe,  perpendicular  to  the  inclined  direction  or  soffit  of  the  stair  at  the  end 
next  to  the  neweL 

1928.  With  most  sorts  of  stone  the  thickness  of  every  step  at  the  thinnest  place  need  not 
exceed  2  inches  for  steps  of  4  feet  in  length ;  that  Lb,  measuring  from  the  interior  angle  of 
every  step  perpendicular  to  the  rake.  The  thickness  of  steps  at  the  interior  angle  should 
be  proportioned  to  their  length ;  but  allowing  that  the  thickness  of  the  steps  at  each  of 
the  interior  angles  is  sufficient  at  2  inches,  then  will  the  thickness  of  them  at  the  interior 
angles  be  half  the  number  of  inches  that  the  length  of  the  steps  is  in  feet ;  for  instance, 
a  step  5  foet  long  would  be  2)  inches  at  that  place. 

1 S89.  The  stone  platforms  of  geometrical  stairs,  that  is,  the  landings^  half  paces,  and 
guarter  paces,  are  constructed  of  one  or  more  stones,  as  they  can  be  procured  of  sufficient 
nze.  When  the  platform  consists  of  two  or  more  stones,  the  first  of  them  is  laid  on  the 
last  step  that  is  set,  and  one  end  tailed  in  and  wedged  into  the  wall ;  the  next  stone  is  joggled 
or  rebated  into  the  one  just  set,  and  the  end  also  fixed  into  the  wall,  as  that  and  the  pre- 
ceding steps  also  are ;  and  every  stone  in  succession,  till  the  platform  is  completed.  When 
another  flight  of  steps  is  required,  the  last  or  uppermost  platform  becomes  the  spring  stone 
for  the  first  step  of  it,  whose  joint  is  to  be  joggled,  as  well  as  that  of  each  succeeding  step, 
similarly  to  those  of  the  first  flight.  The  principle  upon  which  stone  geometrical  stairs 
are  constructed  is,  that  every  body  must  be  supportcKl  by  three  points  placed  out  of  a 
straight  line ;  and  therefbre,  that  if  two  edges  of  a  body  in  different  directions  be  secured 
to  another  body,  the  two  bodies  will  be  immoveable  in  respect  to  each  other.  This  last 
case  occurs  in  tiie  geometrical  staircase,  one  end  of  each  stair  stone  being  tailed  into  the 
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wall  so  H  to  bo  ineipable  at  tilting,  uid  mother  edge  resting  eilber  on  the  grouad  IIkIC 
or  on  the  edg>  of  tbe  preceding  Msir  stone  or  platform,  aa  the  case  may  be.  llie  stonea 
which  (brm  ■  platform  are  genenlly  of  the  uine  thicknen  aa  those  fbnniug  the  stepi. 


1 930.  Tbe  operation*  b;  whiob  tbe  fonna  of  atonea  are  detemuDed,  ao  aa  to  eomlHH  them 
properlj  in  the  larious  parts  of  an  edifice,  arc  founded  on  atrictly  geometrical  principle^ 
and  require  the  grestett  care  and  eiactnen  in  execution.  It  ia  onl;  by  a  thorough  koov- 
Udge  of  the  nature  of  these  operations  that  the  master  maaon  is  able  to  cut  and  carre  the 
parts  which,  when  joined  together,  oompoee  the  graceful  arch,  the  light  traeerj  of  the 
Gothic  vault,  or  the  graceftil  and  maguiGceat  dome.  Tbe  method  of  umple  walling,  and 
its  general  prinoiples,  have  been  given  in  thia  book.  chap.  i.  leot.  i.  In  what  fallowi  we 
propose  to  confine  ounelies,  Ist,  to  the  leading  operations  necessary  to  tit  ott  the  simple 
arch  or  lault,  and  the  groins  formed  by  it;  3d,  tu  tbe  formi  produced  by  vaults  with 
plain  and  curved  aurbcea  intersecting ;  3d,  and  lastly,  to  dome  vaulliiu- ;  giving  such 
eiamples  as  will  so  initiate  the  student  that  he  may,  we  trust,  have  little,  if  any,  difficulty 
in  resolving  any  caae  that  may  occur,  and  ramindiiig  him  that  if  he  well  understand  the 
aectlon  alrudy  aubmitted  to  him  on  Descriptive  Geometry,  his  labour  vitl  be  much 
abridged,  not  only  in  what  immediately  follows,  hut  in  that  section  which  treats  bereafter 

1931.  I.    Or  THi   CoNsrauCTioM  or    Aiches   avn   siMru    Vaults,  *kd  tmi   Gkoims 


arch  U  a  part.      Divide  the  arch  AB  (j^,  619.) 

into  aa  many  equal  parts  as  there  are  intended  j«    ''*i««- 

tobearch!tonea,atthepointal.a.3,&o.      From      -I'l   1  "S  T  T  I  I    I    f  f  T  f  .0 
A,  with  any  convenient  radius,  deacribe  an  arc         \  \  ii4-W--'-'-Uj  /  / 

at  o,  and  ftom  2,  with  tbe  nme  radius,  describe         *\-=a_LJ 1 --=^ 

another  arc,  crosung  the  first  at  a,  and  join  al ;  ^w  gig 

then  1  is  the  first  jomt  from  A.     To  find  the  joint 

passing  through  2  ;  with  the  same  radiua  as  befbre,  from  the  joints  I  and  3  aa  centrea,  de- 
acribe arcs  cutting  each  other  at  h,  and  draw  Sb  ;  then  3A  is  the  second  joint.  In  tbe  same 
manner  all  tbe  other  joinM  between  A  and  B  will  be  found.  To  find  the  ihtK  bacAt,  or 
abutting  joints  AC  and  DBj  with  a  radius  equal  to  In,  t^om  the  centre  A  deacrihe  an  arc 
at  C 1  ttom  the  centre  1.  with  tbe  radius  Aa,  describe  an  arc  cutting  tbe  former  at  C.  and 
draw  the  line  AC,  which  will  be  tbe  apringing  bed  of  the  arch.  In  the  same  manner  the 
jmnt  BD  Quy  be  found. 

1 933.  The  joints  of  any  arch  may  be  drawn  with  connderable  accuracy  by  setting  off  at 
equal  distances  a  pomt  la  the  curve  on  each  aide  of  the  place  for  the  joint,  and  from  these 
points,  as  centres,  with  any  radius,  arcs  to  intersect,  through  whose  intersectiona  lines 
h«ng  drawn,  will  give  the  directions  of  tbe  joints. 

1934.  3h  draw  «  eUipiieal  areh  to  any  two  dimeiuiom  by  cirailor  ttra.  Draw  the  straight 
line  AB  (^flg.  630.).      Bisect  AB  in  C  by  the  perpendicular  Tig,  make  CA  and  C8  each 


equal  to  half  tbe  apan  of  the  arch,  and  make  CD  equal  to  tbe  beight,  and  Af  parallel  and 
equal  to  CD.  In  (^  make  Ci  equal  to  CD.  Divide  Aj  and  AC  each  into  two  equal  parta. 
Through  1  in  AC  draw  *a,  and  through  1  in  Aj  draw  ID.  cutting  *ii  at  a.  Biaeet  aD 
by  the  perpendicular  }g,  and  from  j  with  the  radius  gn  m  gV  describe  the  arc  aDiA.  Draw 
gK  parallel  to  AB,  and  Join  AB,  and  produce  AB  to  meet  the  arc  .DA  in  t.  Join  gi  cutting 
AB  in/  and  make  Ce  equal  to  C/.  Join  gt.  sad  produce  it  to  meet  the  arc  .DA  in  a. 
Frotn/ with  the  radius /i  describe  the  arc  iB,  and  fium  <  with  the  radius  «A  describe  tbe 
arc  Akm.      Then  ArDiB  ia  tbe  arch  required. 

1933.   Ail  ^iptiad  areh  ADB  (^j.  6Sl.)iBityyii.«s,  »  ifroai  (A«>«a(i /or  ajnoea  >•■»•» 
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afoTchttima.     Find  the  centra  >,/ p  in  the  auoe  mumcr  M  if  the  arch  were 
join  s'  ■»'^  produce  it  to  meet  the  arch ;  alio  join  g,f  and  produce  it  to  meet 
Divide  tin  elliptical  curve  ADB  into  ai  many  equal  parta  ai  the  number  of 
From  the  centre  e  draw  linea  thiough  the  pointa  of  dipiaion  In  the  curve  be 
where  gm   meeta  the  curve,  and  Irom    the 
centre  g  draw  line*  through  oil  the  interme- 
diate points  between  ge  and  gf,  and  Jaotl; 
draw  lincfl  from /"through  all  the  inlermediRte 
point!  between  t  and  B,  and  the  parts  of  the 
line*  thui  drawn  on  the  outaide  (^  the  curre 
will  be  the  joinU  of  the  arch  atonea. 

]  93fi.  In  very  large  arehca  it  will  be  de- 
nntble  to  find  Etc  centrea.  ai  lajig.  6S3.,  and 
these  will  be  obtuned  by  finding  two  in- 
termediate pmntfl  in  each  half  of  the  curve 
uutead  of  one  ;  then  biaecting  each  pair  of 
adjacent  ptHnta  by  a  perpendicular,  we  shall 
have  the  centrea  t,  h,  g,  i,  /,  to  be  u>ed  for 

drawing  the  joints  In  the  tame  manner  aa  in  r^.  tii. 

the  preceding  figure. 

1S37.  The  above  methods  are  suffici 
u  lequited,  the  following  method  is 
required  to  be  drawn  (Jtg.  6SS.),  and  that 
the  point  D  is  the  middle  of  tbe  arch  and 
the  point  C  the  middle  of  the  springing  line  i 
then  with  the  diitanee  CA  or  CB.  from  the 
point  D  dcaeribe  an  arc  at  e  and  another  at 
/  to  cut  AB  at  I  and/  Draw  eg  and  fg  ; 
produce  f^  to  i  and  fy  to  A,  bisect  hgi  by  the 
ilraight  line  gA,  which  wiU  be  the  joint  re- 
quired.     In  the  same  manner,  by  drawing  ri(.  au. 

lines  from  e  and/ to  each  point  of  divisioo,  and  biaecting  the  angle,  lines  for  the  other  joints 
may  be  dtawo. 

1 938.    To  droit  a  Gatliic  ardt  (0  any  gietn  dimfluioiu  (  Jig.  634. ),      Draw  the  strught  line 


AB  equal  in  length  to  the  span  of  tbe  arch.  Biaect  AB  in  C  by  the  perpendicular  DI. 
and  draw  AG  and  BH  parallel  to  DI.  Make  CD  equal  to  the  height  of  tbe  arch,  and  the 
angle*  CDG  and  CDH  each  equal  to  half  the  vertical  angle;  make  C F  equal  to  the  dif- 
ference between  CD  and  AG  and  join  FA  and  FB.  Divide  AG  and  AF  each  inW  the 
same  number  of  equal  parta,  counting  each  ftom  the  point  A.  Through  the  pointa 
J,  S,  3,  4  in  AFdraw  la,  lb,  Ic.  Id!  and  through  the  points  1,8,3,  4  in  AG  draw  1  D,  2D, 
3D,  4D  cutting  la,  li,  Ic,  Id  at  the  points a,b,c,d,  then  through  the  points  KabcdO  draw 
a  curve  j  which  will  be  half  of  the  Gothic  arch  required. 

1939.  TodraKUujmMioftktaTthacnuiofa  GotltK  arch  (__fig.  GSS.).  Havingforroed 
the  angles  CDG  and  CDH  a»  before,  make  Ai  equal  to  AG  and  draw  D(  perpendicular 
to  DG.  In  IK  make  D*  equal  to  Ai  and  join  i*.  Biaect  I'i  by  a  perpendicular  meeting 
Di  in  L  Produce  K  to  p.  Divide  the  curve  into  aa  man^  equal  parts  as  tbe  arch  itonea 
are  to  be  in  number.      Then  i  will  be  the  centre  of  the  jomts  which  pats  through  all  the 
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points  between  A  and  p,  and  /  will  be  the  centre  for  drawing  the  joints  of  the  arch  stones 
which  pass  through  all  the  points  between  p  and  D. 

1940.  The  reason  for  the  foregoing  rule  is  obvious ;  for  the  joints  are  merely  made  to 
radiate  to  the  centres  of  the  arcs  of  circles  whereof  the  arches  themselves  are  foruMd ;  as 
in  subsections  1934,  1935.  they  were  drawn  to  the  centres  of  the  approximating  eiiclea 
wherefirom  the  elliptical  curves  were  struck. 

1 941.  To  deacribe  a  parabolic  airve  ftir  a  pointed  or  Gothic  arch  by  mcttma  of  a  teriet  of 
lines  tomching  the  eurve^  the  dimenciont  of  the 
arch  and  the  anglee  it  forma  at  the  eroum  being 
given.  Draw  the  straight  line  AB  (Jig,  636.) 
and  draw  CD  perpendicular  to  AB.  Make 
CD  equal  to  the  height  of  the  arch,  CA  and 
CB  each  equal  to  half  the  span.  Make  the 
angles  CDe  and  CDf  each  equal  to  half  the 
vertical  angle.  Divide  Ae  and  eD  each  into 
the  same  number  of  equal  parts,  and  through 
the  corresponding  points  of  division  draw  lines 
which  will  form  one  half  of  the  arch ;  the  other  half  DB  may  be  found  in  the  same  manner. 

1 943.  7b  draw  the  Joints  of  the  arch  ttonee 
to  the  above  sort  of  arch.  Draw  the  chords 
AD,  DB  for  each  half  of  the  arch  {Jig.  637.)  ; 
divide  the  arch  into  as  many  equal  parts  as 
there  are  to  be  arch  stones.  Let  it  now  be 
required  to  draw  a  joint  to  any  point  A :  bisect 
AD  in  A,  and  join  eh  cutting  the  curve  in  L 
Draw  hg  parallel  to  AA,  cutting  eh  in  q,  and  in 
d  make  li  equal  to  Ig.  Join  hi  and  draw  Am 
perpendicular  to  At.  Then  Am  is  the  joint  re- 
quired. In  the  same  manner  all  the  remaining 
joints  will  be  found. 

1 943.  To  describe  a  rampant  pointed  arch,  whose  span,  perpendicular  height,  and  the  height 
of  the  ramp  are  given.  Draw  the  straight  line  AB  (Jig.  627.),  and  make  AB  equal  to  the 
span  of  the  arch.  Draw  BC  perpendicular  to 
AB,  and  make  BC  equal  to  the  height  of  the 
ramp.  Bisect  AC  in  D,  and  draw  DE  per- 
pendicular to  AB.  Make  DE  equal  to  the 
height  of  the  arch ;  draw  A/ and  Cg  parallel 
to  DE,  and  make  A/  and  Cg  equal  to  about 
two  thirds  of  DE.  Join  /E  and  E^.  Di- 
vide Af  and  /£  each  into  the  same  number 
of  equal  parts,  and  through  each  two  corre- 
sponding points  of  division  draw  a  straight 
line.  All  the  lines  thus  drawn  will  give  one 
half  of  the  curve.  The  other  half  may  be 
drawn  in  the  same  manner.  To  find  the 
joints  {Jig.  639.)  proceed  as  for  a  plain  arch 
in  the  last  example. 

1944.  II.  Of  thb  CoNsraucrioK  op  ivtxr- 
sxcTXNG  Vaults  or  Groins.  The  forms  of 
vaults  may  be  so  adapted  to  one  another  that 
the  lines  of  intersection  shall  be  in  planes,  and 
these  planes  the  diagonals  of  the  plan  of  the 
intersecting  part  of  the  vaults;  if,  however, 
they  be  not  so  adapted,  the  lines  of  inter- 
section will  be  curved  on  the  plan,  and  these 
curves  it  is  necessary  to  ascertain  in  making 
both  the  moulds  and  the  centerings  for  exe- 
cuting the  work. 

1945.  7b  determine  the  form  of  a  vatUt  to 
intersect  with  a  given  one  in  the  plane  of  CAe 
diagonal,  and  also  to  Jlnd  the  diagonal  rib  for 
the  centering.      Let  the  given  vault  be  EIF 

(Jig.  630.)  and  AC  and  BD  the  diagonals,  crossing  in/     Draw/I  perpendicular  to  EF, 
cutting  EF  in  c.     In  the  arc  IF  take  any  number  of  points  ab,  and  draw  ag,  bh  parallel  to 
1/ (jutting  EF  in  rf,  c,  and  the  diagonal  AC  in  ^,  A.    Draw;},, gq,  kr  parallel  to  EF,  cutting 
the  base  GH  at  m,  n,  o.    Make  mp,  nq,  or  each  respectively  equal  to  cl,  da,  eh.     Draw  fV 
gh,  hi,  perpendicular  to  AC,  and  make  fV,  gh,  hi  respectively  equal  to  cl,  da,  eb.     Make 
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_/Jr',  /»'  each  respectively  equal  to  fg,  fh.  Draw  ff'k%  AT  parallel  to  /!'.  Make  p'A'  equal 
to  gkt  h'V  equal  to  hi ;  also  make  mii^  m'o'  each  respectively  equal  to  mn,  mo.  Draw  the 
9TC9  pqr,  p'q'rt  as  also  I'A^  I'AT;  4hen,  through  the  points  thus  found,  draw  the  curves  upon 
their  bases  AC  and  GH,  and  that  on  GH  is  the  form  of  the  intersecting  vaults,  and  that 
on  AC  is  the  form  of  the  angle  rib.  If  the  form  of  the  given  arch  be  that  of  a  semicircle 
£IF  (Jig,  631.),  let  ABCD  be  the  angular  points  of  the  pUui,  AC  and  DB  the 
diagonids,  cutting  each  other  at  M.  Draw  MK  parallel  to  GD,  or  CH  cutting  GH  in  N. 
Draw  ML  perpendicular  to  AC,  and  make  ML  equal  to  the  radius  of  the  semicircle. 
Then,  with  the  transverse  axis  AC,  and  semi-conjugate  axis  ML,  describe  a  semi-ellipse, 
which  will  be  one  of  the  angle  ribs,  as  required.  Also  make  NK  equal  to  the  said  radius ; 
then  with  the  lesser  axis  and  the  semi-greater  axis  NK  describe  the  semi-ellipse  GKH, 
which  is  the  form  of  the  other  vault 

1946.  The  same  method  applies  in  Jig,  632.,  where  the  narrow  opening  is  a  semi-circle. 


¥1g.  8R.  Fig.  SSS. 

and  the  wide  one,  ccmsequently,  a  semi-ellipse,  having  its  minor  axis  vertical  and  its  miyor 
axis  horisontaL 

1947.  When  two  etrcular-arehed  vavKt  of  different  heights  intereect,  to  determine  the  plan  of 
the  arriues  in  which  the  archee  meet.  Let  ABC  i^g,  633.)  be  the  arch  of  the  main  vault, 
and  DEF  that  of  the  lesser  vault ;  ACLO  the  plan  of  the  main  vault,  and  DPQF  that  of 
the  lesser  vault ;  and  let  the  two  vaults  intersect  each  other  at  the  points  HKNM.  Also, 
let  £  be  the  middle  point  of  the  lesser  semi-circular  arc  DEF.  Produce  HD  to  o,  and  in 
the  arch  DE  take  any  number  of  points  r«,  and  draw  rb,  aa,  EI  parallel  to  DH.  Draw 
fi,  nc,  £o  parallel  to  DF,  cutting  Do  at  the  points  tuvj  and  produce  HC  to  G.  In  CG 
make  Cv,  Cs,  CG  respectively  equal  to  D#,  Dm,  Do,  and  draw  toz,  xy,  GB  parallel  to  AC, 
cutting  the  semi-circle  ABC  in  the  points  zyB.  From  the  points  3gz  draw  BI,  gtx,  zb, 
parallel  to  CLk  Then  through  the  points  lab  draw  a  curve,  which  will  be  one  half  of  the 
plan  of  the  arris.     The  other  half  will  be  found  in  the  same  manner. 

1948.  The  method  of  tracing  the  plan  of  the  groins  is  the  same  (see  Jig,  634.)  when  the 
vaults  intersect  obliquely. 

1 949.  To  Jhu'  the  plan  of  the  interaections  of  two  arckee  of  the  tame  height,  and  either  of  the 
$anm  or  different  'peeiee.  Let  the  sections  of  the  two  arches  be  ABC  and  DEF  (Jig,  635.), 
the  arcs  AB,  BC  being  equal  to  each  other,  and  the  arcs  D£,  £F  equal  to  each  other ; 
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and  let  H,  K,  N,  M  b«  tbe  piunU  where  the  two  mrche*  intenect  each  other  on  the  plan. 
Divide  either  of  the  ircg  BC  or  DE  into  parts,  equal  or  UDeqiul ;  u,  Cbr  eiwnple,  in  the 

arc  DE  take  anj  number  of  point!  r.iat  pleawre.and  drav  ni,tA,EI  perpendicular  to  DP, 
Produce  HD  to  D,and  draw  r(,n,E.7,panllello  DP,  cutting  Dti  int,mn.  Produce  HC  to 
.G,  and  make  Cv,  Cf  reipectiiely  equal  to  D(,  Dk  ;  and  ai  the  archei  are  equal  in  height, 
CG  will  be  equal  to  De.  Draw  uy,  xz,  GB,  pw^lel  to  AC,  cutting  tbe  arc  BC  in  tfaa 
pobts  y,  I,  and  touching  il  in  B.  Draw  jn,  ifr  and  BI 
parallel  to  HK,  and  ibrough  the  poinu  Ha6I  draw 
the  curve  Hoit,  which  will  be  half  the  pUn  of  the 
groin  aa  required.  The  other  halflN  and  tbe  other  grain 
MK  will  be  found  in  the  woe  manner. 

195a  To  find  Ikt  plan  of  Ike  grvini  produetd  bg  tit 
initraeetii/tt  of  a  eyUndrie  and  a  amic  vault,  tAe  angU  of 
ponlion  of  the  ariit,  Iht  diameter  of  tAe  cyliitdtrt  and  tie 
pba  of  Hie  conic  nanll  being  ficen.  Let  AB  (fig.  6SE.) 
be  (he  alia  of  the  cjlinder,  CD  (hat  of  the  cone.  C 
being  the  apei,  and  D  the  point  through  which  the 
iMse  passes.  Tlirough  any  point  A  in  AB  draw  £F  □ 
perpendicular  to  AB,  and  mdie  AE  and  AP  each  equal 
to  Uie  radius  of  tbe  cylinder,  and  draw  EH  and  FI 
parallel  to  AB.  Through  D  draw  KU  perpendicular 
to  CD,  and  make  DK  and  DM  ew:h  equal  to  half  the 
diameter  of  the  cylinder.  Join  KC  and  MC,  cutting 
EH  and  FI  in  tbe  points  N,  O,  F,  Q.  Diride  the  lemi- 
eircles  FOE  and  KLM  into  parts,  whereof  the  corre. 
■ponding  ones  are  equal  to  one  another.  From  the 
points  of  division  in  the  semicircle  EGF  draw  lines 
parallel  to  AB  ;  and  tbrough  the  corresponding  points 
in  the  semicircle  KLM  draw  lines  perpendiculH  to  the 
diameter  KM,  cutting  KM.  From  tbe  points  of  section 
draw  lines  to  the  apex  C  of  the  eone.  cutting  tbe  fbrmer 
drawn  through  the  points  in  the  scmicircumfiavnGe 
FGE.  Tbrough  each  set  of  corresponding  points  draw 
a  eurre,  and  the  two  curves  will  represent  the  artissea  of 
tbe  groin  on  the  plan.  If  in  an  octagonal  ground  vault 
the  octaganai  range  be  cylinders,  and  the  cross  vaults. 
which  tend  to  the  centre,  diminish  to  a  line  of  the 
height  of  the  vault,  the  following  construction  applies  ■ 
—  Let  EFGHI(/p.  637.)belhe  exterior  side  of  the 
vault,  which  is  both  equilateral  and  equiangular,  and 
let  JKLMN  be  tbe  line  of  the  ecterior  sur&co  of  the 
inner  wall ;  to  that  the  lines  EJ,  FK,  GI.  HM,  IN, 
which  pass  through  every  two  corresponding  angles, 
may  tend  to  the  centre  O  of  the  groin  vault.  Let  the 
secUons  of  the  given  ribs  be  PQR  and  STU,  so  that 
PR  of  the  rib  PQR  may  stand  at  right  angles  to  tbe 
■ides  EF  and  JK  and  the  sii'e  SU  of  the  rib  STU 
on  the  middle  of  the  side  FG.  Divide  the  two  bases 
Pa  and  SU  in  tbe  same  proportion,  and  through 
the  joints  of  division  in  SU  draw  lines  from  the  centre 
Oof  the  ground  vault  to  meet  the  curve   STUj  and 
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through  the  pointa  of  diyision  in  the  base  PR  of  the  cross  rib  PQR  draw  lines  parallel 
to  £F,  to  terminate  in  the  line  FK,  and  in  the  semicircle  PQR.  From  the  points  where 
these  lines  meet  FK,  draw  perpendiculars  on  one  side  of  FK,  and  make  the  heights  of 
these  perpendiculars  respectively  equal  to  the  ordinates  of  the  arc  PQR ;  and  through  the 
ends  of  Uiese  perpendiculars  draw  a  curve  FVK,  which  will  be  the  angle  rib.  From  the 
points  of  meeting  in  the  line  FK  draw  lines  parallel  to  FG,  and  through  the  points  of 
division  in  SU  draw  lines  to  the  centre  O,  intersecting  the  former  lines  drawn  from  the 
points  of  division  in  FK ;  through  the  corresponding  points  of  intersection  draw  the 
curves  SBL  and  KBU«  which  will  form  the  plan  of  the  angle. 

1951.   In  single  groins  the  centres  are  made  for  the  widest  avenue,  and  are  covered  over 
with  boards  (Jip.  638.),  so  that  the  top  of  the  boards  may  form  the  surfiice  required  for 
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turning  the  arch  upon  the  intersections ;  or  the  angles  are  found  by  the  following  practical 
method.  The  groins  meet  in  the  points  I,  C  (fig.  639.),  upon  the  boarding  of  the  two 
groins.  Place  the  straight  edge  of  a  board  upon  the  point  I,  so  as  to  range  over  the  line 
GH  on  the  plan.  Then  set  up  another  straight  edge  upon  the  point  H,  so  as  to  be  vertical, 
and  the  straight  vertical  edge  wiU  meet  the  horizontal  edge ;  then  apply  a  third  straight 
edge  to  each  of  the  other  two  straight  edges,  so  that  it  may  also  come  in  contact  with 
the  boarding.  After  this  draw  a  line  along  this  third  straight  edge  upon  the  boarding  as 
far  as  may  be  found  convenient ;  shift  the  moveable  or  third  straight  edge,  and  apply  it  in 
the  same  manner  to  another  adjoining  portion  of  the  surface  of  the  boarding.  Proceed  in 
the  same  manner  until  the  whole  line  be  completed  on  the  surface.  By  this  means,  the 
necessity  of  laying  down  lines  for  the  covering  is  avoided.  The  lines  being  thus  drawn, 
ribs  for  the  cross,  vaults  are  fixed  on  the  top  of  the  boarding ;  so  that,  making  proper 
allowance  for  the  thickness  of  the  same,  its  surface,  when  fixed,  may  form  the  true  sur&ce 
of  the  other  cross  vault  The  ribs  fixed  upon  the  boarding  to  form  the  cross  vaults  are 
called  jack  riba, 

1952.  The  mode  of  constructing  the  curves  by  lines  is  shown  for  a  rectangular  groin  in 
Jig.  640.,  in  which  A  is  the  plan,  B  the  elevation. 

Here,  to  find  the  pliant  moulds  for  forming  the 
groins  on  the  surface  of  the  boarding,  and  working 
the  arch-stones,  describe  a  semicircle  on  one  of  its 
sides,  and  divide  it  into  any  convenient  number 
of  equal  parts.  Draw  lines  perpendicular  to  the 
base  or  diameter,  the  semicircle  being  supposed  to  be 
within  the  piers;  the  ordinates  will  cut  the  diago- 
nals ;  but  if  it  be  laid  down  on  the  outside,  the  or- 
dinates must  be  produced  until  they  cut  the  diago- 
nals. From  the  points  where  the  ordinates  cut  the 
diagonals,  draw  lines  parallel  to  the  other  side  of  the 
groin,  and  produce  the  side  on  which  the  diameter 
of  the  semicircle  is  placed,  and  extend  the  semicir- 
cular arc  with  its  divisions  upon  any  convenient  part 
of  the  line  thus  produced.  Through  the  points  of 
division  draw  perpendiculars,  so  as  to  intersect  with 
the  former  parallel  lines ;  then  through  the  points  of 
intersection  draw  the  curve,  as  shown  at  C,  which 
will  be  the  mould  required. 

1953.  Sometimes  several  vaults  meet  in  one  com- 
mon centre,  as  in  ^.  641.,  which  exhibits  the  plan 
of  an  equiangular  and  equilateral  groined  vault, 
constructed  of  semicircular  arches.  Fig.  mo. 
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1 954.  Where  the  pien  supporting  groins  (^^« 
642.)  are  made  octangular,  the  angles  of  the 
groins  should  be  cut  off  or  arched  as  ribs,  by 
which  they  are  rendered  much  stronger  than 
when  they  are  square.  In  stone  groins,  where 
the  arch  is  cut  off,  there  is  no  advantage  in  point 
of  strength,  and  rather  a  defect  in  point  of  ap- 
pearance, to  the  groined  angles. 

1955.  Arches  mtersecting  a  coved  ceiling  are 
similar  to  groins.  Such  arches  are  called  ZimeMet, 
and  are  generally  practised  for  semicircular - 
headed  windows  piercing  the  coves  in  the  ceiling: 
fig,  64S.  exhibits  a  plan  and  section  of  such  arches. 

1 956.  A  dome  is  a  solid,  which  may  be  con- 
ceived to  be  generated  by  the  figure  of  the  base 
diminishing  as  it  rises,  till  it  becomes  a  point  at 
the  summit ;  and  when  a  dome  has  a  polygonal 
base,  the  arches  are  plain  arches,  and  the  con- 
struction is  similar  to  that  of  a  groin.  A  domed 
ceiling  of  this  kind  upon  a  rectangular  plan  is 
shown  in  plan  B  (^fig,  644.);  the  sections  A  A 
being  elliptical  in  the  top,  and  with  lunette  win- 
dows.    C  shows  the  geometrical  construction. 
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195T.   When  ucbea  iatencci  on  incliiied  thuIi,  uid  the  pnyectioni   of  the  arriaus  cnms 
each  other  at  right  luigles,  mad  the  angle  of  eleration  of  one  of  the  Bemicirculor  verticat  ribs 
of  the  ascending  BTenue  or  opening  ii  given  ta  obtain  the  geometrical  ocnntruetion ;  M  IhM 
the  croM  archca  maj  be  cylindrical  aur&cea. 
Dr*>  the  itrai^ht  line  AB  IJtg.  «45.)  to  ' 

repreaentthe  oiu  of  the  inclined  vault,  and 
draw  CD  perpeodicular  to  AB.  Produce 
D  M  (  and  A ;  make  AC  and  AD  ew:h  i 
equal  to  the  radius  which  fbima  the  edgea 
of  the  ribs  ;  draw  AN  parallel  to  AB,  and 
make  the  angle  NAd  equal  to  the  inclinatioii 
of  the  aiis  represeuted  by  its  plan  A  B.  In 
the  line  Ac  take  anj  point  p,  and  dtR«  qr 
porolleL  and  pt  perpendicular  to  AN-  Make 
jH  equal  to  AC  or  AD,  and  through  i  draw 
Ij  parallel  to  Ac.  Draw  pu  perpendicular 
to  L*,  cutting  it  in  ■■  Produce  pu  to  e. 
Set  the  alrcumference  of  the  inclined  vault 
frotn  V  to  f,  divided  into  the  equal  porta  u,  1 , 
I,!;  3,3;  Se,  at  the  pointi  ],  3,  3.  Divide 
each  of  the  quadrants  ft,  tr,  into  the  same 
number  of  equal  parts  at  the  points  1 ,  £,3, 
and  throiigh  these  points  and  in  mi  draw  la, 
2i,  Sc  paiallel  to  rt,  and  through  the  points 
1,  3,  .1,  in  the  curve  gi,  draw  t'L,  la,  Sb,  Sc, 

parallel   to  pit       Through    all   the  points  fis.ms. 

h,a,b,  c  diBW  the  curve  tabcn,  and  this  will  be  the  pliable  mould  for  forming  the  angle  or 
gnnn  over  the  plan,  and  for  working  the  arch  stones.  Draw  Dt  parallel  lo  Ai.  £el  E 
divide  the  circumOfrence  CED  into  the  two  equal  parts  EC,  ED  ;  divide  the  arcs  DE,  EC 
into  the  same  number  of  equal  parts  as  us  at  the  points  1,3,  3,  and  draw  1  v,  St,  3y,  Er, 
parallel  to  A  B  i  alao  through  the  points  I ,  S,  3  in  the  quadrant  fa  draw  gi,  I  m,  2r.  3y,  az, 
perpendicular  lo  yN  ;  then  through  the  points  k,  v,  x,  y,  t,  draw  a  curve,  which  will  be  the 
plan  of  the  groin  whereof  the  stretch-out  is  Later.  In  the  same  manner  the  other  half  of 
the  plan  will  be  found,  as  also  the  whole  of  the  other  parta. 

1 95S.    Tit  firm  ofan  anh  crouing  ax  inditrd  grointd  vauU  at  right  an^a,  md  tke  pbiH 
oftkt  diagonal  ribt  being  gitoi ;  lofiMi  Ihc  arch  of  (Ai  f«w(  vatHt.     Let  AB,  BC  (Jtj.  646.)    ■ 
be  the  pbn  of  the  axis  of  the  vaults.      Through  any  „ 

point  A  in  A B  draw  DF  perpendicular  to  AB,  and 
make  AD  and  AF  each  equal  to  the  horiiontal 
breadth  of  the  vault  Draw  DG  and  FH  pa- 
raUel  to  AB;  draw  also  any  line  LK  pardlel  to 
AB,  cutting  BC  in  C,  and  make  the  angle  KIL 
equal  to  the  inclination  of  the  aiii  represented  by 
its  plane  AB.  Make  CM  and  CK  equal  to  the 
breadth  of  the  level  vaults;  draw  KG  and  MN 
parallel  to  BC,  and  let  MN  cut  DG  in  N,  and  FH 
in  P.  Draw  the  diagonals  FG  and  NH.  Pro. 
duce  GK  to  cut  IL  in  L,  and  NM  to  cut  IL  in  Q. 
In  the  curve  DEF  take  any  number  of  points  n, 
^e,  and  draw  ad,  bt,  c/parallel  to  AB,  cutting  DF 
in  the  pointi fi,  q,  r,  and  the  diagonal  GP  in  d,i,f, 
and  the  diagonal  HN  in  the  points  if,!',/'.  Pro- 
duce BA  to  E,  draw  A  cm,  >,  Bo  parallel  to  BC, 
cutting  QJ<  in  the  points  g,  h,  i,  A  ;  make  gl.  Ant,  in, 
Ad  equal  respectively  to pii,^,  re,  AE;  then  through 
the  points  L  ",  >^  o.  draw  the  curve  QnL.  Draw  H  R 
perpendicular  to  NH,  and  make  HR  equal  to  KI* 

and  join  NR;  then  will  HR  be  Ihe  line  of  ramp  far  pv.sm. 

the  diagonal  rib  over  its  plan  HN.  Perpendieular  lo  HN,  draw  d'v,  t'v.fg,  BG  cutting 
the  line  of  nmp  RN  in  the  points  t,  I,  a,  i.  Make  n,  Ac,  iiji,  vO  respectively  equal 
to  pn,  ^  re,  AE.  Then  through  all  the  points  e,  v,  y  draw  a  curve,  which  will  be  the 
angle  rib  standing  over  HN,  and  which  will  also  serve  for  the  angle  rib  standing  over 
GP.  All  the  groined  vaults  continued  in  the  same  range  may  be  constructed  by  the  same 
moulds. 

1 959.    To  maJit  tha  working  drawiitgr  fir  a  tenidrcviar  arcA  toith  a  straight  fart,  and 
to  dfcribi  lAt  moaldtfor  Iht  vowsoin.      This  simple  case  will  serve  as  a  rule  for    ' 
lowing ;  hence  the  eiplanation  should  be  perfectly  a.   ' 
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from  it  onlf  ■eearding  to  the  different  kindi  of  archet  to  b«  conatrueteil ;  nichuthe  badltd 
orct,  that  in  ■  batltring  or  (bpti^  mall,  uiii  that  oa  a  ci'mjar  <raB. 

1960.  Drair  two  linn  {/If.  64T.)  perpendicular  to  and  crotaing  e«ch  olhcc.  aa  BA,  GD 
From  the  point  E,  ai  a  centre,  describe 

the  loflte  curve  ACB,  and  the  citradoa  ,  ° 

or  upper  curre  FCH.      Diride  each  of 

theae  area  into  two  equal  parta,  ai  the 

doited  arc  abe.      Drav  LM  parallel  to 

AB,  and  nuke  the  diitance  A,  L  equal 

to  the  thicknen  of  the  vail  wherein  the 

arch  U  to  be  eonstructed.      Draw  the 

outer  and  inner  linea  of  the  plan  F'K, 

A'L,B'M,HN  parallel  to  CD.    Divide 

the  arc  ACB  into  the  proper  number  of 

equal  parta  for  the  aich  atoaea  or  toiu- 

■oin,  auppoie  Ave,  bj  the  joint  line*  1, 

a,  3,  4;    from    the  point  E  draw   the 

Joinla  1  — 5,  S — S,  3^7,  4 — B  ;  then  from 

every  point  where  the  jointi  cut    the 

area   ACB,  FGH,  &c.   draw  the  linu 

Sc4,    7A3,   &c.       On   KN    let  fall    the 

perpendiculars  8d,  cM,  4/,  hi,  3^  21,  nia, 

6a,  lp,al,  and  St.     Diride  the  aofite  of 

■ach  TOUBoir  AI,  1—2,  2—3,  tec.  into 

all  alio  let  1*11  the  perpendiculan  (Y, 
■X,  oV,  wT. 

1961.  D>  droie  ilit  moiddi  of  tht 
toftit  below  NE.  Draw  the  line  OP 
parallel  to  the  line  KN;  prolong  ED 
to  Z  and  nuke  the  distance  QZ  equal 
to  ED.  Through  Z  draw  RS  parallel 
to  OP,  and  OD  eMb  aide  of  QZ  la;  off 
the  diatances  CS,  3r,  M,   4v,  and  vB 

reipectivelj  on  Q«,  ijr,  jro,  ab,  and  iP.  ^,  oi. 

On  the  other  side  la;  olT  C2,  2ti,  til, 

Kand  lA  on  Qc,  cd,  lit,  (/,and/0.  Through  the  pointa  O,  e,  e,  z,  o  let  fall  on  RS  the  perpen- 
diculars O  R.  to',  «f,  zc',  orf,  P8,  and  through  the  pointt  f,d,y,  b  let  fall  the  perpendiculan 
from  the  middle  sheetingsji',  df,  yg',  M';  the  dialancea  of  the  dark  linea  give  the  breadth 
<^  the  sofite  of  euh  stone  m  the  loBle  curve. 

1962.  To  drtiK  (Ar  mimldi  of  Ote  joinU :  laj  off  the  distanoe  1— j  one;,  elt,zi,ai,  and 
through  the  pointi  gkin  draw  the  linea  gq,  U,  im,  kp,  parallel  to  QZ.  To  find  the  middle 
of  the  joint  divide  the  distances  rff,  cA,  zi,  an,  eaeh  into  two  equal  parts,  aa  in  k',  jn',  ff',  a, 
through  which  dr*w  the  line>  k't,  n'a',  qV,  I't  parallel  to  QZ. 

1963.  The  elevation  is  a  section  of  a  hollow  cylinder,  of  which  the  concave  or  interior 
surface  fbrnui  the  intradoa  of  the  arch,  and  the  convei  or  eiterior  aurftcc  the  eltrados,  and 
of  which  the  cutting  plane  of  the  section   is  perpendicular 

1 964.  The  anglea  of  the  stone  are  found  frtnn  the  angle  which 
makes  with  any  joint,  and  the  curving  of  the  ufite  of  the  stone  i 
mould,  the  edge  of  which  is  made  to  the  curve.  The  ends  of  the  i 
deveiopemenu 

1965.  When  the  stones  are  shaped  according  to  the  moulds, 
and  joined  together  in  consecutive  order,  the  whole  nuiu,  thus 
united,  will  (arm  tbe  solid  arch  as  required. 

1966.  Thnc  separate  operations  being  properly  attended 
to,  every  difficulty  will  be  removed,  and  no  oonfiidon  wUl 
arise  during  the  ptiweaa,  whieh  can,  in  any  dtgree,  tend  to  per- 
plex tbe  delineator. 

1967.  ToJIjidllu  btetU  amd  mouldt  for  the  joiiiti  and  lofiUt 
of  an  dliptiaU  ank  cutting  oblufmrlif  tknn^k  a  atraight  woEt 
Mb  Joinit  rudiating  to  tAr  centre  of  the  opening.  Draw  the  axis 
EN  of  the  arch  (,fig.  646.),  and  iberein  take  any  point  E, 
through  wbicb  draw  AB  perpendicular  to  F.N;  make  EAand 
EB  each  equal  to  half  the  space  of  the  eitrsdoi  ur  centre 
line  of  the  arch  ;  alio  make  T.C  and  ED  each  equal  to  half 
the  span  of  the  inner  arch.      Produce  tbe  diameter  NE  to  G  i 
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inaka  EP  equal  to  tbe  height  of  the  inner  afsh  and  EG  (qu«l  tt>  the  height  Ot  the  outer 
•Tch.  On  the  nwjor  axis  AB,  uul  aenii-minor  aiis  KG,  deacribe  tbe  •emi-ellipni  AGB, 
vhiohislbeeitTBdoaorthesrch,  Also,  on  CD  uthe  nuOot  siih  and  EF  die  Bemi-miiwr 
uii,  de»ribe  the  semi.ellipsu  CFD. 

1966.  Make  the  angle  ABH  equal  to  the  angle  which  the  wall  nukes  with  tbe  right 
■ectiiin  of  the  aich,  and  let  BH  cut  the  alia  in  K.  Draw  ML  at  sucb  a  distance  Innn 
BH  that  they  may  comprehend  between  them  the  thicluKM  of  tbe  wall,  and  let  ML  cut 
the  aiii  in  N.  Tbe  intrados  of  the  arch  on  the  one  side  of  the  wall  ii  OPB,  and  the 
citradoa  a  LQM ;  they  are  both  ellipaea  respeeliTelj  of  the  name  height  as  the  intradoa 
and  citrados  of  the  right  arch,  but  with  tbe  aiei  OR  and  LM. 

1 S69.  To  fitid  tit  bend  of  lAe  a^igle  of  lii  arck  itaui  comifxmdiiig  lo  lAe  joint  ab 
tending  lo  iMe  centrt  E.  Ducribe  the  arc  be  from  E  with  the  radiua  Eb  cutting  AB  in 
e.  Ihvw  bg  parallel  to  EN  cutting  BH  in  g,  and  draw  of  parallel  and  gd  perpendicular 
to  EN,  and  Join  KD  ;   then  EKD  is  the  angle  or  bevel  required. 

1 970.  The  Kifite  of  the  arch  is  drawn  according  to  the  general  prioeiplea  of  developement. 

1971 .  7b  laaic  lie  mriiajr  drawingt  for  an  arck  in  a  ibping  voA,  al,fnr  ixilance,  am  areM 
"      ""-  ' "--  -'----     -^ '    -  ---ito  in  the  line  AB 


equal  parta  (br  the  arch  itonea  in  tbia  ex- 
ample five),  and  draw  tbe  Joints  Ii^,  ch,  di,  ik. 
For  the  plan  of  the  arc  of  the  intrados  draw 
AR  perpendicular  to  AB,  and  draw  tbe  line 
of  slope  or  baiter  AS.  In  the  arc  of  the  in- 
trados take  any  number  of  points  bed,  &c. 
and  draw  the  lines  bb,  cc,  interseoting  AR  in 
the  points  1,  3,  &c.  and  meeting  the  line  of 
batter  AS  in  the  poinU  be.  Draw  CD  pa- 
rallel lo  AB,  and  at  any  coiivenient  distance 
from  it  draw  aidmcie  perpendlculai  to  CD. 
intersecting  it  in  the  points  e,  t  nr.  h,  &c.  Find 
the  points  b't  c',  (f  in  the  straight  lines  btj,  nvi 
nx,  such  that  the  distance  of  Chose  points 
fKmi  the  line  ED  may  be  respectively  equal 
to  the  intervals  lb,  U,  &c.  between  the  per- 
pcndieular  AR  and  tbe  line  of  batter  AS, 
and  draw  tbe  curve  o'  tV  d" »'  f,  which  wiU 
be  the  plan  of  the  arc  of  the  intrados.  In 
tbe  same  manner  the  curve  Ey'i'iJS  D  may  be 
described ;  which  being  done,  tbe  plan  of  the 
arc  of  the  eitrado*  will  be  obtained. 

I9TS.  To  find  Ot  aunddt  of  tlu  toJUtt 
and  badi.  Draw  any  straight  line  HI  in  a 
separate  place  and  extend  the  arc  of  the  in- 

tradoB  sftcifa/ upon  the  line  HI  from  H  to  J;  rit.Mt. 

divide  it  into  tbe  same  number  of  parts  that 

ttie  arc  alyof  the  intrados  is  divided  into  (in  this  instance  Ave),  and  mark  thepfflntsof  divi- 
uon  t,  «',  ■',  c'.  Transfer  the  distances  ta',  ly,  me'  between  the  line  CD  and  the  plan  of  tbe 
arc  of  tbe  intrados,  to  the  perpendiculars  ■"a",  fb",  t»"c",  n"d",  cV,  and  through  the  points 
a"i"e"d"«'y"  draw  a  curve,  which  will  be  the  developement  of  the  arc  of  tbe  uitradoa.  Pro- 
duce tbe  lines  I'V,  m'c",  ■"■f ,  to  a",  v",  x",  and  iranater  the  distances  b'n,  e'w,  iff  from 
the  plan  to  tbe  sofite  on  the  linaa  l/'v",  c'V,  f'x".  Draw  pa",  ib",  ic",  tiT  perpendi- 
cular to  H I ;  transfer  the  dittancsa  ^a,  A^,  I'l:  ttom  the  plan  to  the  solite  upon  pa",  hb", 
ic",  and  join  a"c",  i"n>">  z"c",  which  will  complete  the  moulds  of  tbe  joints. 

1973.  To  maJa  Ihc  dravingi  for  an  obHqut  arch  by  an  abridpud  method.  The  following 
method  is  said  to  be  abridged,  because,  by  one  very  short  operation  the  moulds  of  the 
aofitea  and  joints  are  Ibund  within  tbe  plan  of  the  arch  ABDC  (Jig.  eSO.).  Divide  AB 
in  K  into  two  equal  parli,  and  draw  EF  parallel  to  AC.  From  the  point  A  draw  AG 
perpendicular  to  AC;  prolong  DB  to  G  ;  divide  AC  into  two  equal  parts  in  the  point  H. 
Prom  H,  as  a  centre,  describe  the  arc  A  FG,  which  divide  into  voussoira,  and  draw  the 
joints  fhmi  the  centra  H.  Draw  lines  from  each  solite  parallel  to  EF,  and  below  the  line 
CD;  the  mouldi  for  the  sofites  are  comprised  between  the  parallels  of  the  key,  and  tboee  at 
the  joints  are  traced  on  the  sides  of  the  plan,  as  follows  :  — 

1974.  To  JInd  tke  numUi  of  tMt  lofita.  Through  the  point  Q  draw  QN  pardlel  to 
GH.  Tofindon  RSthepoint  N,tbn>ughthBpoint  Kdnw  KLalsoparrallel  toGH.  To 
find  on  QT  tbe  point  M,  and  on  R8  ^  point  L,  draw  the  froat  line  of  the  second  aofite 
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MN,  and  tlie  front  line  of  tbi  flnt  IL.  Tlie 
back  of  ihn  sheeting  aoBte  ii  found  by  the  nms 
operation  beloir  the  pUn.  The  mould  of  tha 
key  is  furroed  bv  two  luin  RS,  Q.T,  and  the 
front  and  back  linea  of  the  plan  AB,  CD;  the 
two  roouldt  of  the  ■o6tes  NMT8  and  LIXV 
aerr e  to  tram  the  two  atone*  on  each  aide,  ob- 

on  the  sida  AC  beoome  tboie  of  the  top  on 
the  aide  BD;  or  that  the  uodei  arriu  of  one 
■kle  may  be  that  on  the  other  aide  by  reTening 
the  mould,  whub  wiUhave  tha  Hlne  effect. 

1975.  To  JImi  the  tuoiiMi  of  tit  bedt  or  joinU. 
Prolong  NQ,  to  meet  DG,  to  find  the  point  F, 
and  through  it  and  the  point  E  draw  the  fk-ont 
of  the  second  jobt  PS  ;  prolong  LM  to  GD  to 
End  O,  through  which  ud  the  point  E  draw 
the  front  of  the  Joint  OS.  Pmceed  in  the  aame 
manner  to  find  the  backs  of  the  other  jmnta,  which 
are  sufficient  also  to  trace  tbe  stones  by  rerenring 
them.  It  is  not  abaolutely  ni  i  riMij  to  cut  out 
the  moulds  of  the  lollteB  and  joints,  but  the 
angles  may  be  taken  by  bevels  and  applied  to 
Btonca.  The  heads  are  prepared,  as  usual,  with 
tha  moulds  of  the  heads  of  the  straight  arc  It 
must  be  ob.er.ed,  that  in  this  srch  the  &ce  or  _  FM.WO. 
front  differs  from  a  straight  arch,  being  formed  by  diffor^t  sections  of  a  cylinder. 

1976.  Tb^atf  (Aa  moaUt/or  in  oWtju  arcA,  v/ura^tkefrtrnt  ihpa  and  Ok  rtar  i 
pauUeubr  la  Ihtaxit.      Let  A'B'GH  iJUj. 

651.)  be  the  plan  of  the  imposts.      From 

ACB,  DRI,  which  divide  into  five  ai  more 

equal  parts   f 


the  j< 


t  lini 


n  the  e 


ta  below  the 
nmit*  of  the  per- 

rpendimlars   DF. 


perpendiculars  from 
line  A  B.      From  the  >i 
pendiculsTs,   draw   lini 

From  the  point  D,  as 

DF.  to  meet  the  line  of  slope  DE  in  tlie 
points  m.l,h,E.  Draw  the  lines  mr.  h.  it, 
EF  parallel  to  AB, meeting  the  perpendi- 
cular DF  in  the  points  ratF  ;  transfer  tbe 
distattcea  rm,  Ik,  hP  from  n  to  6',  ttata  o 
to  c',  frora  a'  to  •',  and  through  the  points 
Kbc'dtW  draw  the  curve.  Find  the 
eitrsdoa  or  outer  line  Ofght  in  s  manner 
aimilal  to  that  in  which  the  inner  curre 
has  been  found.      Draw  the  joints  b'f,  t'g, 

ah,  t'i.      Prolong  AH  and  BG  to  K  and  ni  ui. 

L,  and  draw  the  lines  b'b,  a,  iTd  parallel  to  AK. 

1977.  Ta  mait  Ui4  traifht  areia.  Draw  KL  petpcodicular  to  AK,Bnd 
/and  g.  Transfer  Dm  distances  between  the  points  m,  I,  i,  D,  and  tbe  li 
-  '■—----  of  the  lower  sic  from  i  U>  c,  from  c 


17,  from  d  to 


AH. 


d  from  Q  t, 


Y,  a 

1  right  a 


|()7S.  7h_fi*dthemoabUo/tir:  Htfittt,  Draw 
tbe  line  V/Xijtg.  653.)  in  any  conienient  sur- 
bce,  and  lay  the  breadths  of  so6te,  not  from  the 
arc  ACB  u  befbre,  Imt  from  those  of  the  right 
arc  Kvwxjih,  that  is,  transfer  tl>e  distaneea  Kb, 
OKI.  vx,  xy,  f  L  to  the  line  WX  upon  Wo,  ao,  S>, 
gfld,anAtX.  Through  tbe  poinU  WoIydX,  dimw 
the  lines  ay,  n,  fM,  gt,  Ast,  Si,  perpendicular  to 
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WX.  Tnader  the  dutaDcca  1  A,  26',  3c',  iiF,  6  B  upon  the  perpendiculars  fa  WX.  From 
Wn,  from  a  to  (,  from  bto  f,  from  c  to  ^  from  <f  to  A,  and  from  X  to  s,  and  join  ne,  ef,  fy, 
fk,  is.      In  the  nine  manner  drair  the  line  i/iUmx,  which  will  complete  the  >oGt«. 

19T9.  Thfind  Hi  maiUdi  oflkijointt.  Truufer  the  dietance*  cA  my,  zl,  yr,  on  the  line 
XW  from  a  to  a,  from  b  to  P,  from  e  to  ■)>,  and  from  d  Utt,  and  through  the  points  a,  Bi7i> 
drav  the  liDnay.iu,  Pi,  hi  perpendicular  toWX.  Find  the  points  <i,o,p,;,u  also  r,i,t,ii,  aa 
in  the  preceding  examplea;  then  the  moulds  of  the  joints  irill  be  eintj/luo,  Jbi^,  hiap.  It 
must  h«  observed  that  the  boundaries,  or  eilrados  and  intrados.  DRI,  ACB  of  the  ring  of 
the  arch,  do  not  atand  In  a  plane  perpendicular  to  the  plan,  but  are  supposed  to  be  the 
lines  which  are  drawn  on  the  wall  itself;  and  this  is  the  reason  whj  area  are  described 
between  the  perpeadiculat*  DP  and  the  line  of  slope  DE.  Itmuil  also  be  obaened,  thai 
the  Touasoirs  of  this  arcb  must  be  cut  by  the  moulds  of  the  heads  of  tbe  straight  arch,  and 
the  moulds  of  tba  aofite  mnst  be  applied  on  the  roussoin  before  the  soGte  is  hollowed. 
Tbus,  let  the  flrst  roussoit  oa  the  right  hand  brcut  bj  the  head  mould  on  that  bee  of  the 
stone  intended  fbr  the  loflte  ;  apply  the  first  solite  mould,  and  its  upper  bed  tbe  Erst  joint 
mould,  and  on  its  under  bed  the  plan  of  the  impost  Then  cut  the  two  heads  according 
to  tbeae  moulds,  and  hollow  the  sofite  square  to  its  atrisses,  using  Ibr  this  purpose  the 
curved  beiel. 

1980.  Th  Jbul  At  amidtfor  metiling  a  (Aajc jrcalv-imial  orcA  ■■  a  msiss  o/MOtanry,  qf 
vAiqI  one  afittfacti  ii  a  batttrinp  plau  upon  an  obtiqut  plan,  and  thi  elkcr  oppatUt  /aa  a 
portion  of  a  cj/tindrie  aar/ocs.  Descritie 
the  iutrados  and  eilrados  of  the  eleva- 
tion i  dnw  tbe  joints  and  describe  the 
plan  a'b'c'd't^f  of  tbe  intrados  Cfig.  653. ), 
and  tbe  plan  E^k'ft'D  of  the  eitradoa. 
Draw  BR'  perpendicular  to  AB,  and 
draw  B8',  tbe  portion  of  tbe  cylindric 
aur&ce.  From  tbe  are  BS'  dnw  the 
plan  a'l'm'n'o'f  of  the  intrados  upon  tbe 
line  TV,  uid  the  plan  T/j'j'r's'U  of  the 
eitndos  in  the  same  manner  from  the 
arc  BS,  as  the  plan  of  tbe  plane  bee 
was  drawn  from  the  line  of  slope  AS. 

I9B1.  7b  find  lie  plan  of  usy  joint, 
a*  that  fin-  tbe  line  or  joiul  cA  in  the 
elevation.  Bisect  A  in  c,  draw  era',  m', 
and  W  perpendicular  to  AB,  mtersecting 
the  hue  VD  in  the  poiuU  jac.  From 
the  points  crt,  in  the  joint  cA,  draw  «, 
m,  U,  meeting  the  line  AS  in  the  points 
crA,  and  inleraeoting  the  line  A  R  in  the 

p4^its  1,  3,  3  by  three  intervala,  \t,  nu,  r^tsi. 

SA.      Find   the  places  Ave  of  tbe  Ihree 
points  Arc  on  the  elevation.       In  the  same  marmer  find  tl 
responding  points  ;  then  will  c's'A'f 'v'si'  be  the  plan  of  the 
other  Joints  will  be  found  in  the  same  manner. 

I98a.  ToJindOieyAMt«mIdiuaf.  Draw  tbe  line  HI  (/;.  654.}  equal  in  length  to  the 
derelopement  of  the  intrados,  and  let  He 
be  the  developement  of  the  arc  ae  ;  draw 
CBi"  perpendicuUr  to  HI.  Draw  any  line 
WX  in  the  plan  parallel  to  VD,  mter- 
secting the  linea  c'ai',  c'v',  AY.  in  the 
points],  S,  3.  Draw  WX'm  the  deve-  ^ 
liqienietil  or  sofite  parallel  to  HI,  and 
at  tbe  same  distance  from  HI  that  WX 
is  from  VD  in  tbe  plan,  and  let  WX  in- 
tersect tbe  line  e'W  in  1,  Make  tbe 
distaneee  I — S,  S — 3  respectively  equal 
to  n,  eA,  in  tbe  Jcont  cA  in  tbe  elevation, 

and  Ibrougfa  the  points  1 ,  9, 3,  Just  found,  "■'  ^' 

draw  VW,  k"if,  paralld  to  Cai".  From  the  plan  transftr  the  distanees  9e',  Sw',  3A',  S9"  to  tbe 
sofite  from  9  to  V,  and  Avm  3  to  W ;  also  Anim  SA"  sod  from  S  to  ji  the  points  crp"  will  be 
in  a  straight  line,  because  they  correspond  to  the  straight  bee  of  the  wall,  and  tbe  points 
■>",  B, ;"  will  be  in  a  curve,  because  they  eofreepond  to  the  oylindric  surAwe.  Draw,  there- 
(bre.  the  straight  lire  ("A",  and  draw  the  curve  line  m"a!7",  which  will  be  a  portion  of  an 
ellipns,  diflering  in  its  survature  but  in  a  very  small  degree  from  that  of  a  circle  drawn 
ttutHigh  tbe  same  three  points.      However,  if  more  eiactikeas  be  required,  we  uuy  find  as 
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man;  polnta  in  the  joints  of  Ibe  lurfiwe  of  the  vtll  and  in  tbe  c;r)in<l™  nirftoe  at  we  p]eu( ; 
then  c"nt"p"h"  a  the  joint  required,  which  Mnm  Tor  tbe  upper  and  under  bed*  of  the  two 
■tonei  that  unite  together  in  that  Joint. 

1983.  Find  all  the  other  Joint  mouldi  h"l"p"g'.  d  '■«"b"(',  t"o"i"K',  in  the  lune  manner, 
and  find  the  pointa  a"f"  in  the  developetnent.  Through  Ute  pointi  a"b"e"d"i"f"  draw  a 
eurre  ling  by  hand,  or  bjr  a  ruler  bent  to  the  points,  and  thii  will  be  the  front  curve  of  the 
•elite.  Find  tbe  pointa  k"p"  in  tbe  developaoient  correiponding  to  the  pointa  a'  and/  on 
tbe  plan,  and  througb  tbe  pointa  corresponding  to  the  pointa  a'  and  /  on  the  plai>,  and 
tbe  pcnnta  k"T'm"ji"o"p",  draw  anolber  curve,  whiob  will  be  tbe  deTelopement  of  Ibe 
other  aide  of  the  aoflte.  The  deielopeineiiti  of  ew:h  of  the  parts  of  the  aolite  and  of  tbe 
two  adjaeent  joint  moulda  gire  the  three  moulda  for  working  one  stone  uid  Ibe  B4jacent 
joinu  of  the  atone  on  each  aide  of  it.  The  angle  which  each  of  these  jointa  makea  with  tbe 
loflte  is  (bund  by  making  a  bevel  with  one  of  its  edges,  circular  for  tbe  intradoi  of  Ibe  arc 
of  the  eleva^n.  and  the  other  to  coincide  with  tbe  joint  line  adjacent. 

1 964.  To  Jhut  (b  iDouUt  for  ixtcuting  a  gattway  in  Vie  quoi*  a/  a  doping  voU.  Let 
ABCD  (Sg.6S5.)  be  the  plan  of  tbe  angle 
in  wbicb  the  arch  la  to  be  constructed, 
whereof  A  B  lathe  apan.  Draw  the  centre 
line  EL|  to  which  draw  tbe  perpendicular 
FO.  Prolong  the  line  CA  to  F,  and  DB 
to  G  ;  tbeo  fi^m  the  point  L,  aa  a  centre, 
deacribe  the  sofile  FHG  and  its  eitrados. 
Divide  theae  arcs  into  equal  parts  for  tbe 
arch  stones,  and  from  tbe  divisions  let  fiill 
ptrpcndiculan,  and  also  from  the  middle 
of  tbe  soBlca  to  EC,  ED.  From  tbe  aum- 
mita  of  tbe  perpendiculars  draw  lines  pa- 
rallel to  FG  terminated  by  tbe  linesof  slope. 
Set  off  tbe  alope  at  tbe  different  heights 
si,  aS,  a3,  a4  reapectively  at  right  angles  ' 
to  the  lines  on  the  plan,  on  d] ,  b2,  ds,  A4, 
KS  i  also  on  the  oppoaile  aide. lay  aS,  u4 
on  d2,  M ;  then  on  one  aide  draw  the  curve 
AUK,  and  on  the  other,  to  abridge  the 
work.  Join  Bt>,  bb,  6K.  Again,  for  the 
outer  curve,  or  eitrados,  set  off  el,  (2,  cO 
on  di,  d2,  Ns.  On  both  aide*  draw  the 
curve  tiddO  on  tbe  one  side,  and  to 
abridge  the  labour,  draw  the  straight  lines 
Od.  dd,  rfN. 

1 955,  7b  find  Ma  momldt  of  At  taJUtt. 
Draw  the  line  PQ(%.6J6.},  on  wbicb  lay 

the  arc  of  tbe   eolite    FHG  in  tbe  usual  ni.«.u. 

manner,  making  the  pwnta  1,3,  3,  which  oorrespond  to  the  pointa  dividing  such  arc  into  equal 

parts ;  then  on  tbe   line*  of  tbe  aoSte  lay  tbe  diatances  o   i  a    :    i 

FA, /i,  gb,  Ai,  LK,  on  PR,    1*,    a,   Sim  Am,   QS,   and     ' • ■    ■.    -■    j^-t^- 

trace  tbe  front  curve  of  the  aolite  RUiua  Also  repeat 
tbe  same  on  the  other  side  where  there  ia  only  a  straight 
line  drawn  from  one  eaftte  curve  to  anotber. 

1 956.  7b  find  at  back  mm  of  (Aa  tttfitt.      Jjij  the  dis- 


r-il 


ju  jtna  tne  oaat  nrpf  OJ    ina  nj/iu.       l^y  tne  OIS-  1^. 

,fp,gq,lBr,l.T.aa  PT,  lo,  2(,  Sa,  4e,  ftU,  and  traoe       ___U-^^T 
B  TotaeU.  ' 

19B7.    7b  find  tki  mouldi  of  tit  h 

" beda   belo] 


m 


aolite  line*  to  which  the  beda  belong  are  SI  and  4e. 
Draw  the  atraight  lines  eb,  fd  parallel  to  Q.U,  r»:pcctively  distant  from  3(,  4b  by  tbe 
breadth  GI  of  the  Joint,  and  let  the  lines  b>:,fd  meet  PQ  in  t  and  /;  make  ta  equal 
to  ^  and  oft  equal  lo  Ae,  and  join  ai  W  j  make /c  equal  to  W.  and  erf  equal  lo  rfi,  and 
join  ■*,  «1  To  trace  the  atonea  by  moulda,  prepare  the  vouaaoirs  with  the  hewl  of  the 
moulda  of  tbe  straight  arch  FHG.  TTie  solite  should  be  hollowed  in  each  vouwir  by 
ita  particular  mould !  the  rest  is  done  aa  usual ;  but  it  must  be  observed,  that  if  the 
tofite  moulda  are  made  with  straight  lines  in  front  and  near  the  soAte,  it  must  not  be  hol- 
lowed till  tbe  last.  The  vouasoirs  may  be  worked  br  beveta,  preparing  the  atonea  by  the 
pluuACVM,  BDWO,.sfbr  common  imposts.  Although  the  «ehh.  each  front  hi  not 
ab«>lutely  necessary  here,  we  shall  give  the  method  of  constructing  iL  Let  the  line  «. 
be  drawn  apart  on  which  lay  the  diataiwes  LS,  L4,  L2,  LA  on  tbe  lines  «,  no,  m  » 
square  to  mm.  Draw  tbe  perpendiculars  op,  «r.  a<,  on  wbieb  Uy  the  hrighu  of  tbe  joints  of 
tbe  straight  arch  taken  on  the  line  of  slope  I  that  is.  Uy  12,  on  ,^  14  on  ^r,  IS  on  K,  and 
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dnw  the  line  nt,  vhiclj  is  the  ilnpf .      Tben  draw  tbe  curve  ngirt,  and  from  the  paint  h  dnw 

tbe  joinl  lines  pe  Mid  rX.    The  centre  of  this  g«te  U  reprewnted  (in  the  upper  part  of  the 

diagram)  with  Tousuirs,  and  tbe  keystone  plaoed  behind  to  show  the  mitre  of  the  centre. 

The  aotite  moulds  serve  for  curving  the  ends  of  the  stone  where  tbe  intrados  meet*  the 

surbce  of  the  tvo  walls.      It  must,  however,  lie  observed,  that,  previous  to  the  application 

of  tbe  sofite  mould,  tbe  concave  surlace  of  the  intrados  must  be  formed  b;  a  mould  with  ■ 

convex  edge,  and  then  the  soBIe  mould  01  moulds  of  developement  must  be  bent  into  the 

bollow,  so  that  tbe  two  parallel  edges  may  coincide  with  tbe  corresponding  edges  of  the 

•tone.      Hie  angles  which  the  intrados  nukes  with  the  joints  are  taken  from  the  elevation 

of  the  bee  of  the  arch,      lliiB  elevation  is  no  more  than  a  section  of  tbe  arch  perpendicular 

to  the  axis  of  the  cylinder  which  forms  the  intrados. 

1 98B.    7b  amtlniet  a  itntitimlar-liKuIid  arcA  in  a  rovnd  tawrr  or  etmJor  vaU,     Let 

ABDC(,flg.  65T.)be  tbe  plan  of  the  lower.      Bisect  the 

arc  AB,  and  through  the  point  of  bisection  draw  EFpnrallel 

to  the  jamb  liiM  AC  or  BD.      Through  any  point  a  in  EF 

draw  C  H  perpendicular  to  £  F.     Produce  the  lines  C  A  and 

DB  10  meet   CH  in  the  pt^ti  G,  H,  and  GH  will  be  bi- 
sected in  a.    From  a,  as  a  centre,  and  with  the  radius  □  C  or 

bH,  describe  the  semicircular  arc  GFH.     Also  describe  the 

arc  of  the  eilradoi  and  divide  the  arcs  each  into  live  equal 

parts,  and  let  fall  the  perpendiculan  of  tbe  joint  lines,  and 

those  of  the  middles  of  tbe  solite  curves  to  the  iiuide  circu- 
lar line  CED  of  the  tower.      Having  extended  the  arcs  of 

tbe  intrados  curve  on  the  line  IK,  and   having  drawn  the 

lines  of  the  sofites  and  those  in  the  middle  of  each  sheet  as 

before  directed,  lay  oiT  the  distances  between  the  right  line 

GH  and  tbe  circulu  outside  line  AbB,  vli.  CA  on  IX  and 

(HI  KZ,  ej  on  rf,  Mg  on  hi.  Si  oa  Im,  Mr  on  cp,  ai  on  ^r  ; 

then  trace  the  front  curve  on  the  solite  XrZ.      To  find  the 

tear  curve,  lay  GC  on  lY,  cC  on  eS,  &c.,  by  which  the 

rear  curve  will  be  obtained. 

lgS9.  We  do  not  consider  it  necessary  to  pursue  the 
idioo  of  the  moulds,  the  operations  being  very  n- 
o  tboee  already  given  in  the  previous  example*  "«■  °"- 

X    To  Jbid  At   moiddi  /or  as  oUigMH  mmiBimJar  arch  ia  a  ciVcafor  loBtr.      Tbe 
iction  of  this  differs  from  the  prcce<Ung  only  in  tbe  bevel  or  obliquity  of  the  tower; 

benee  it  requires  no  particular  description  ;  only 

observing,  that  the  bevel  causes  the  mould  to  be 

longeron  one  ude  than    on   the  other  (attjlg, 

ess.y,    as  is  evident  from   the  plan ;    therefore 

tbe  distances  taken  between  the  right  line  AB 

and  the  circular  line  of  the  tower  CDE,  being 

unequal,  must  be  transposed  each  on  its  partiou' 

lar  line  of  the  mould  and  joint  to  which  it  cor- 
responds in  the  sofite,  that  is,  the  distance  AC 

muH  be  laid  on  FC,  BE  on  HI,  and  so  of  the 

reat.      To  work  the  stones,  dreas  tbe  beds,  then 

apply  the  proper  moulds  and  cut  the  head  and 

tail  circular  ax  before.      Trace  the  brt»dlh  of  tbe 

•ofite  on  the  upper  bed,  tben  bollow  tlie  sofile, 

1991.  7b  amtrmH  on  oUiqai  arch  it,  a  round 
tipping  tow  iniertwtiiuf  a  Hmiarttdar  arcK  tpUAin 
il.  This  is  neatly  tbe  same  as  the  two  preceding  , 
eases.  On  one  side  draw  tbe  line  of  slope  {Jig. 
659.)  AB,  and  on  the  other  tbe  ate  CD.  Draw 
parallels  from  the  divisions  of  tbe  sofites  and  their 
middles,  as  in  the  figure,  in  order  to  cut  the  line 
of  slope  and  arc  To  work  for  the  slope,  set  off 
■11  the  retreats  comprised  between  the  perpen- 
diculars AH  end  the  line  of  slope  AB  on  the 
perpendiculars  of  tbe  sofitCi  square  to  the  frvnt 
line  of  the  lower  F  19  G,  as  follows  :   Transfer 

the  retreat  9 — lOon  1 9-_S0 by  placing  the  com-  va.sas. 

passes    so    that   the   line    19—20    would   pass 

through  the  centre  of  the  tower,  and  the  point  20  bll  on  the  centre  of  the  gale  0^75, 
and  T — 8  on  IT — IS,  and  on   3J-_a9  in  the  aame  manner  (only  terminated  by  the  line* 
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from  the  MBte  inMMd  of  tbe  ocntrc  line  of  ~ 
the  arch),  Kt  *l>o  5 — 6  on  15 — 16,  aod  on 
!3— S4,  9— -4on  13— M  and  on  85—26,  and 
lutlj  I— S  on  n— IS  and  on  ST— SB,  and 
through  thcM  pointa  trace  the  ulite  28 — SO 
— 11.  Tbe  eitradoa  ia  found  in  like  nunner, 
and  the  middleiof  the  joints  4T,  49,  53  i  vhich 
done,  draw  the  plan  of  the  Jointi  11~4T-~35, 
18-19—37,  32—51-39,  and  26—53 — 41. 

1 992.  To  fi»d  Iht  cam  qf  llu  plan  icAicjt 
famiufti  die  lalU  of  Ikt  maiiUi.  Set  thr 
projectioiu  of  (he  buttresaof  the  Knucircular 
■re  al  right  angle*  to  the  inside  line  of  the 
tower  1  lU.  64—65  on  74—75;  62—63  on 
72—73  and  on  76—77 ;  60—61  on  70—71 , 
and  on  73—79,  5S— 59  on  68—69.  and  DU 
80—81  1  56—57  on  66—67  and  on  82— 83j 
then  trace  by  hand  the  curve  83 — 75 — 66. 
The  curve*    of  the  eitradoa  and  jointi  are  Fia.«». 

1999.  To  find  Iht  mouldi  if  thi  tofitt.  Draw  (he  line  of  direction  94 — S4  {fy.  66a) 
aibelbre,  below  which  set  off  (he  diatances  I — II  or 
84 — 85,  K— 12on86 — 87,  I— 14on8a — 39,  M— 16 
on  90—91,  N— 18  on  92—93,  O— «l  on  94—95,  and 
then  trace  the  front  of  the  sofite  mould*  8S— 9S— 99. 
To  find  the  rett,  »et  1—66  on  84—33,  K— 67  on 
86—36,  L— 69on  88—100,  M— 71  on  90—98.  N— 
73  on  92—97,  O— 75  on  94—96,  and  trace  the  rear 
curve  of  the  mould  101 — 96 — 33. 

1 994.  7b  Jl<id  tia  mwhU  of  Uti  joint:  Transfer 
P— 1 9  on  31— 54,  Q— 37  on  32 — 48,  I— 47  on  42— 52, 
R — 35  on  43 — 10,  and  (hrou|th  the*e  piunti  trace  the 

front  Joint  ot  bed  moulda  93—54—48,  89—92 — 40.  rii.sui. 

To  find  the  rear,  nuke  31—50  equal  to  PV,  32—38 

■qual  to  QX,  42—46  equal  to  IT,  and  43—34  equal  to  RS;  which  done,  traco  the 
curve  line*  97 — 50 — 38  and  1 00 — 46 — 34.  The  two  othiT  joint*  are  (bund  hy  the  lame 
method.  We  do  not  ooruider  it  neceasarj  further  to  multiply  examples  of  the  kind  here 
given:  the  litter  sort,  especially,  rarely  occur  in  practice;  and  if  they  diould,aU  that  will  be 
neceaaary  to  maater  the  operation*  will  be  E  r 

the  application  ofalittlc  tbought  and  study. 

1995.  III.  Or  Done  Vaultiho.  In 
whatever  direction  a  hemiipherieal  dome 
ii  cut,  tbe  eeelion  A  ii  alwayi  the  same. 
Brcpreientsonebalf  (seejij?.  66l.)uf  tbe 
same  in  the  plane  of  projection.  T* 
Mrudion  ia  sometimes  such  that  tl 
i*  only  a  semicircle,  as  B,  a*  in  t 
mination  of  the  choir  of  i  church :  u 
case  the  French  call  it  a  eyl-dt-fm 

1996.  Through  the  eitremitica 
jointi,  and  through  the  middle  < 
loflte  of  the  section  A,  let  bll  on  tne  nne 
ab,  perpendiculars,  whereof  all  the  distances 
dc  from  the  centre  e  will  be  the  radii  of  the 
arcs,  which  will  lerve  for  the  developement 
of  the  nfitca,  of  the  joints,  and  for  the 
conatruclion  of  the  arch  itonci.  The  me- 
thod which  followi,  though  it  will  not 
perhipi  give  (he  lofitea  and  jointi  strictly 

tical  purposes.       Upon  the  developement 
C  make  SC  equal  to  the  arc  MDGC,  then 

1  ST  equal 


the  part*  ST  equal  to  it  on  the  plan 

'■—    — '--    "^-JUgh     tbe    points    T 

perpendieulars  equal 


;    then   raise    (hrdugh     tbe    poi 
DO    the    line    SC  perpendieulars 
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to  the  correspondentfl  €,tf  dot  the  plan  B,  and  draw  the  curre  ESD  through  the  pointi  so 

found. 

]  997.  Hie  soiites  are  terminated  by  four  cunrea,  whereas  the  joints  have  two  right  sides, 
as  DI,  EI,  and  DO,  EO,  and  two  curved  sides,  as  II,  DE,  and  OO,  DE ;  the  widths 
DI,  DO  of  the  joints  are  equal  to  DI,  GE  of  the  section ;  in  one  direction  they  are  curved 
only  one  way,  but  as  respects  their  soiites  they  are  so  in  every  way.  The  heights  of  the 
voussoirs  are  given  by  the  section  A,  their  bases  on  the  plan  B.  Thus  G,  I,  in  the  voussoir 
next  the  keystone,  being  the  most  opposite  points,  the  base  of  it  on  the  plan  will  be  comprised 
between  the  two  arcs  die,  which  answer  to  the  perpendiculars  let  fall  from  G  and  I.  The 
base  of  the  first  voussoir,  according  to  the  first  method,  will  be  equal  to  the  surface  com- 
prised between  the  arc  oof  and  the  arc  dte,  which  answers  to  the  perpendicular  let  fall  from 

the  point  D. 

1998.  £F  and  OH  are  the  diameters  of  the  upper  and  lower  bases  of  a  truncated  cone, 
whose  lower  nva&tee  is  hollowed  out  spherically.  After  working  the  voussoirs,  so  as  to 
make  their  bases  such  as  we  have  just  indicated,  they  must  be  worked  to  sofite  moulds  for 
giving  them  the  hemispherical  form  of  the  section ;  after  which  the  angles  of  the  moulds 
are  joined  by  arcs  parallel  to  the  arrisses  of  each  stone,  or  by  applying  a  general  mould  of 
the  form  of  the  section,  that  is,  circular,  of  the  radius  of  the  dome. 

1 999.  For  the  pendnUives  formed  in  an  hemispheriad  dome.  The  piers  D  and  E  are 
supposed  those  of  half  the  dome  pierced  by  the  pendentives.  If  we  suppose  the  face  or 
elevation  B  (Jig.  662.)  to  make 
one  quarter  of  a  revolution 
about  the  point  A,  we  obtain 
the  elevations  B  and  C. 
Through  the  points  of  division 
on  the  elevation  C  draw  to  the 
arc  AD  right  lines  perpendicu- 
lar to  C  A.  On  the  extremi- 
ties of  these  lines  upon  CA, 
and  from  C,  as  centre,  describe 
arcs  in  the  plan  F,  by  which 
the  plan  of  the  projection  on  F 
is  obtuned,  whose  intersections 
with  the  right  lines  drawn  from 
B  will  give  the  joints  and  fiices 
for  the  level  beds.  The  lines 
HF,  FE,  ED  are  right  lines. 
The  spaces  GAEP,  FHIK  are 
pieces  of  eylindriod  vaulting, 
so  that  the  only  difficulty  is  in 
joining  to  each  of  their  vous- 
soirs their  correspondent  parts 
in  ELMHFE. 

2000.  The  elevation  B  gives 
the  height  of  the  voussoirs  ; 
thdr  bases,  as  seen  in  the  preceding  example,  will  be  OPQRNO,  GSTUVKFG.     The 
length  of  Uie  keystone  will  be  X  Y,  and  a — A  will  be  half  its  width. 

2001.  The  part  FQR  is  the  plan  of  the  springing  stones  of  the  pendentive  in  the  eleva- 
tion A.  The  remaining  parts  of  the  construction  are  sufficiently  shown  by  the  lines  of  the 
diagram,  which  will  be  imderstood  by  the  student  if  he  has  previously  made  himself 
acquainted  with  the  previous  portions  of  this  section. 

2002.  We  should  willingly  have  prolonged  this  part  of  our  labours,  if  space  had  per- 
mitted us  to  do  so  without  sacrificing  other  and  important  objects.  If  the  subject  be  <me 
in  which  more  than  the  ordinary  practice  of  the  architect  is  c^led  upon  to  put  into  execu- 
tion, we  refer  him  to  Simonin,  Ompe  dee  Pierree,  Paris,  1792,  and  Rondelet*s  Art  deBatir, 
which  we  have  used  with  much  freedom,  and  in  which  many  more  interesting  details  will 
be  found  than  we  have  thought  it  absolutely  necessary  here  to  introduce,  though  we  be- 
Ueve  we  have  left  no  important  point  in  masonry  untouched.  We  cannot  close  this  section 
without  paying  our  tribute  of  respect  to  the  masons  of  this  country,  who  are  among  the 
most  intelligent  of  the  operative  builders  employed  in  it  A  very  great  portion  of  them 
are  from  the  north  of  the  island,  and  poftsess  an  astuteness  and  intelligence  which  far  exceeds 
that  of  the  other  classes  of  artisans.  We  must  not,  however,  altogether  do  this  at  the  ex- 
pense of  those  employed  in  carpentry,  which  will  form  the  subject  of  our  next  section, 
among  whom  there  will  be  found  much  skill  and  intelligence,  when  the  architect  takes  the 
proper  means  of  drawing  it  out ;  and  we  here  advise  him  never  to  be  ashamed  of  such 
means. 
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200(1.  Carpentry  is  the  science  of  framing  or  letting  into  each  other  an  assemblage  of 
pieces  of  timber,  as  are  those  of  a  roof,  floor,  centre,  &c.     It  is  distinguished  from  joinery 
in  being  effected  solely  by  the  use  of  the  axe,  the  adze,  the  mow,  and  the  ckis^  which 
are  the  carpenter's  tools ;  whereas  joinery  requires  the  use  of  the  plane. 

S004.  lliough  necessarily  of  high  antiquity,  the  very  scanty  information  which  Pliny 
and  Vitruvius  have  left  us  on  the  subject  would  merely  show  that  the  science  was  known 
by  the  ancients.  The  roofe  of  Egypt  present  us  with  no  more  than  flat  coverings  of  massy 
stone ;  a  pediment  roof^  therefore,  would  seem  to  have  been  among  the  first  efforts  of  con- 
structive carpentry ;  and  upon  the  pitch  which  this,  then  and  since,  has  received  in  different 
countries,  we  shall  hereafter  have  to  speak.  The  Greeks  appear  to  have  used  carpentry  in 
the  construction  of  their  floors  and  some  other  purposes ;  but  in  a  country  abounding  with 
stone  and  marble,  it  is  not  likely  that  wood  was  much  used  in  the  interiors  of  their  build- 
ings, unless  where  lightness,  as  in  doors,  for  instance,  required  its  employment.  With  the 
Romans  it  was  much  more  commonly  used ;  and  from  all  that  can  be  gathered,  we  may 
consider  them  as  the  fathers  of  the  science. 

S2005.  Among  the  modems  it  has  been  very  successfully  cultivated ;  and,  with  very 
few  exceptions,  we  may  almost  assert  that  the  works  of  Palladio,  Serlio,  Delorme,  Sir 
Christopher  Wren,  Perronet,  and  a  few  others,  exhibit  specimens  which  have  scarcely  been 
surpassed  in  later  times,  notwithstanding  the  scientific  form  it  has  assumed  in  the  present  age. 

2006.  To  the  mechanical  principles  of  carpentry  we  have,  in  Chap.  I.  Sect.  XI.  of  this 
Book,  directed  the  attention  of  the  student ;  and  to  the  section  now  under  our  pen 
we  should  have  added  the  heading  Descriptive  to  Praetieal  Carpentry,  but  that  much  of 
what  could  have  been  said  on  that  head  has  already  been  anticipated  in  our  section  on 
Descriptive  Geometry.  Hence,  in  what  follows,  that  which  comes  under  such  predicament 
will  be  only  given  in  particular  cases,  for  the  purpose  of  saving  time  and  trouble  to  the 
reader  in  the  application  of  its  principles  to  them.  We  must,  here,  also  remind  the  reader, 
that  under  the  section  of  Mechanical  Carpentry  have  been  described  the  different  sorts  of 
timber  used  for  building  purposes,  their  strengths,  and  the  strains  to  which  they  are 
subject  and  which  they  are  capable  of  resisting ;  and  that  therefore  this  section  u  confined 
simply  to  putting  pieces  of  timber  together,  so  as  to  form  the  assemblage  of  timbers  under 
which  we  have  commenced  by  defining  the  science.  To  do  that  properly  requires  great 
skill  and  much  thought.  Considerable  waste,  and  consequent  expense  to  the  architect's 
employer,  result  from  that  ignorance  which  assigns  to  the  scantlings  of  timber  larger 
dimensions  than  are  absolutely  necessary  for  the  office  <^  each  piece ;  insuflicient  scantlings 
will  bring  the  architect  into  trouble  and  responsibility ;  and  the  improper  connection  of 
the  pieces  will  be  equally  ruinous  to  his  reputation.  The  principles  of  practical  carpentry 
are,  nevertheless,  simple ;  and  though  to  form  new  combinations  and  hazard  bold  and 
untried  experiments  in  practice  will  require  all  the  skill  and  science  of  a  talented  artist,  the 
ordinary  routine  of  carpentering  is  to  be  learnt  by  a  little  application  and  a  due  exercise 
of  common  sense. 

2007.  After  these  observations,  we  must  introduce  the  student  to  the  first  operation 
which  in  practice  may  arise.  It  is  not  every  where  that  timber  can  be  obtained  in  suf- 
ficient lengths  to  stretch  across  the  void  he  has  to  cover ;  and  it  will  in  such  cases  be 
necessary  for  him  to  know  how  one  piece  of  timber  may  be  so  joined  to  another,  for  the 
purpose  of  lengthening  it,  that  the  two  pieces,  when  joined,  may  be  as  nearly  as  possible 
equal  in  strength  to  one  whole  piece  of  timber  of  the  same  dimensions  and  length.  This 
operation  is  of  great  service  to  the  builder,  and  is  technically  called  aearfing.  To  perform 
itt  the  joints  are  indented,  and  bolts  are  passed  through  the  pieces  within  the  length  of  the 
indents,  such  bolts  being  confined  above  and  below  by  means  of  nuts  and  screws.  In 
fig,  663.  four  ways  are  ^ 

exhibited    of   accom-  r THZI^P^ 1        { , !         I  J 

plishing  the  object  in   \ ^^"T^    jT I        I |        r-' ) 

question.    A  and  B  are   j.        c       _  jl       D 


the    methods   usually  f                 1  ^ — u-p                       j  ?       |     ^T" 

employed   for  joining    i rj"*      4 '        ' dh-     '     CJl 


together  plates,  lintels,  P,,.  cm, 

and  ties,  in  which  bolts 

are  rarely  necessary ;  but  if  such  a  method  is  used  for  scarfing  beams,  bolts  must  be  em- 
ployed. The  stronger  forms,  which  onlv  should  be  used  for  beams,  shown  in  C  and  D,  are 
not  only  in  that  respect  such  as  should,  on  that  account,  be  used  for  beams,  but  are  exe- 
cuted without  Ion  of  leneth  in  the  pieces  of  timber.  The  length  of  the  joints  of  the 
scarfing  may  be  increased  at  pleasure  ;  the  diagrams  are  merely  given  to  show  the  mode 
of  doing  what  was  required.     With  fir,  however,  when  bolts  are  used,  about  four  times 
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the  depth  of  the  timber  is  a  usual  length  for  a  scarf.  Scarfing  requires  great  accuracy 
in  execution ;  for  if  the  indents  do  not  bear  equally,  the  greater  part  of  the  strength  will 
be  lost :  hence  it  is  improper  to  use  very  complicated  forms  for  the  indents. 

S006.  Pieces  of  timber  are  framed  into  and  joined  to  one  another,  by  the  aid  of 
morticet  and  tenontj  and  by  iron  straps  and  bolts ;  and  on  the  proper  placing  of  these 
depends  the  soundness  of  the  work.  If  a  piece  of  framing  is  to  stand  perpendicularly, 
as  in  the  case  of  partitions,  without  pressure  from  either  side,  the  mortice  and  tenon 
should  be  in  the  centre  of  the  wood.  But  in  the  case  of  framing  floors,  in  which 
the  pressure  is  on  the  upper  sur&ce,  and  entirely  on  one  side,  the  mortices  and  tenons 

ought  to  be  nearest  the  side  on  which  the  pressure  is,  by , 

wluch  the  timber  will  not  be  so  much  weakened ;   and  P 

hence  it  is  the  constant  practice  to  cut  the  mortices  and 

tenons  as  in^s.  664,  665.     By  the  method  shown  in  the     . 

last-named  figure,  the  tenon  obtains  more  strength  from  | 
an  additional  bearing  below,  which  is  further  increased  by  ' 
the  inclined  hutment  id>ove,  called  a  tusk. 


Fig.  664. 


Fig.  665. 

2009.  The  method  of  framing  wall  plates  together  at  an  angle,  for  the  reception  of  the 
hip  rafter  on  the  dragon  beamt  and  the  angle  ties  for  retaining  the  wall  plates  in  their 
places,  is  shown  injftg.  666.,  wherein  AB  is  the  mortice  cut  for  the  tenon  of  the  hip  rafter 


^ 
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Fig.  667. 


zz 


Fig.  666. 


Fig.  668. 


Fig.  669. 


shown  in^.  667.     Fig.  668.  is  one  of  the  wall  plates,  showing  the  halving  to  receive  the 
other  plate,  and  the  cutting  necessary  for  dovetailing  the  angular  tie.    Fig.  669.  shows  the 
method  of  cutting  the  mortices  and  tenons  of  principal  and  hip 
rafters ;  another  method  being  given  in^.  670.,  and  to  be  pre- 
ferred where  a  greater  resistance  to  thrust  is  sought,  because  by  it 
a  double  buttu^  b  obtained  on  the  tie  beam.     Inasmuch,  how- 
ever, as  in  this  last  case  the  beam  is  cut  usross  the  grain  to  re- 
ceive the  rafter,  the  part  left  standing  to  receive  the  heel  of  the 
rafter  may  be  easily  split  away ;  to  obviate  which,  the  socket  may 
be  cut,  as  at  A,  parallel  to  the  grain  of  the  wood,    cd  is  the  iron 
strap  for  securing  the  rafter's  foot  to  the  tie  beam,  and  keeping  it 
in  its  place.     A  plan  of  the  upper  part  of  the  tie  beam  is  given 
at  B,  showing  the  socket  and  mortice  of  the  section  A  in  the  last  figure.      C  exhibits  the 
mode  in  which  a  king-post  is  strapped  to  a  tie  beam,  with  the  sirvtt  and  Joggles. 
201 0.  The  most  approved  method  of  forming 


1 


Fig.  670. 


hutments  (Jig.  67 1.)  for  the  ^ryts  or  braces,  aa, 

which  are  j<^gled   into  the  king-post,  is  to 

make  their  ends,  which  act  against  the  joggle, 

perpendicular  to  the  sides  of  the  brace ;  they 

will  thus  be  kept  firmly  on  their  hutments, 

and  have  no  tendency  to  slide.     C  is  a  section 

of  the  king-post  and  tie  beam,  showing  the 

mode  of  wedging  and  tightening  the  strap,     rp-'^'-'''^ni 

with  a  single  wedge,  in  order  to  draw  the  tie  il_____j]^^ 

beam  close  to  the  king-post.     D  is  a  se<rtion  ^'^ 

of  the  same  parts  to  a  larger  scale,  and  with 

the  introduction  of  a  double  wedge,  which  is 

easier  to  drive  than  a  single  one,  because  there 

is  less  action  upon  the  cross  grain  of  the  wood. 

2011.  Straps  in  carpentry  should  be  sparingly  used.  Professor  Robison  has  very 
properly  observed,  that  **  a  skilful  carpenter  never  employs  many  straps,  considering  them 
as  auxi^aries  foreign  to  his  art.**  The  most  important  uses  of  them  are,  that  of  suspend- 
ing the  tie  beam  to  the  king-post,  and  of  securing  the  feet  of  the  principal  rafters  to  the 
tie  beams  in  roofr. 

201 2.  Bolts  are  sometimes  used  for  the  last-named  office,  with  washers  and  heads  and 
screw  nuts,  in  which  case  the  washers,  nuts,  and  heads  sliould  be  well  painted,  though 


Fig.>571. 
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tttn  then  the;  are  liable  to  nut  Whererer  the  iron  work  uwd  fi>r  securing  ■  ijitem 
of  liainiag  i*  expowd  to  the  humidity  of  Ihc  ■tmonphere,  it  ibould  be  rendered 
durable  b;  frequeot  painting.  Price  iBritithCarpmtar,  1759)  obwrrea  thua:  "There  ia 
one  particular  that  had  liked  to  have  cwaped  my  notice,  canoenung  the  pbicing  oT  iron 
(trap*  on  any  trUB,  thereby  meaning  to  help  it)  itrength,  irhich  ia  by  turning  the  end 
aquu«  (u  riioirn  at  E.fit-  Sll.).  Tbii  method  embrace)  the  timl>er  in  )Uch  ■  manner,  to 
nuke  it  like  a  dovetail,  icAi'cA  eaxtuii  dram  fmm  iu  plate ;  another  obtervation  ii,  to  bolt  on 
your  itrapi  with  square  bolt),  for  thia  reaaon  :  if  you  uk  a  round  bolt,  it  muit  fallow  the 
auger,  ud  cannot  be  helped  ;  by  tbi)  helping  the  auger-bole,  that  ia,  taking  oFthe  coiners 
of  the  irood.  you  may  draw  a  itrap  exceeding  cloae,  and  at  the  same  time  it  embraoea  the 
grain  of  the  wood  in  a  much  firmer  manner  than  a  round  pin  can  poanbly  do."  Tbt: 
example  given  by  Price,  howcier,  for  turning  square  the  ittap,  ii  ii^urioui  to  the  rafter, 
which  must  be  partiallj  cut  to  admit  of  ic. 


SOI  9.  The  aaemblage  of  tiniben  in  a  building,  used  for  nipporting  the  flooring  boardi 
and  ceiling  of  ■  room,  is.  in  carpentry,  called  ■mla'  Jlnoring,  whereof  there  are  three 
different  sorts,  vie  ainglt  Jiwrinff,  dottttU  Jhorijuf,  and  donhie-fnxnud  Jhorinff.  But  before 
entering  on  tbe  particulars  of  either  of  the  sorts,  we  will  make  same  general  observations 
on  tbe  conitruetion  of  Doors,  which  require  the  architect's  attention.  Fiest,  the  wall 
plale%  that  Is,  the  limben  which  lie  on  the  walls  to  receive  tbe  ends  of  the  girders  or  joists, 
should  be  sufflclently  strong  and  of  sufficient  length  to  throw  tbe  weight  upon  the  piers. 
Secohdlt,  if  it  can  be  atoided,  girders  should  not  lie  with  their  ends  over  openings,  aa 
doors  or  windows  ;  hut  when  they  do,  the  strength  of  the  wall  plates  must  be  increased. 
To  avoid  the  occurrence  in  question,  it  was  formerly  very  much  tbe  practice  in  this 
country,  snd  indeed  is  sciil  partially  so,  to  lay  girders  obliquely  acroea  rootns,  so  as  to  avcnd 
openings  and  chimneys,  the  latter  whereof  must  indeed  be  alwsyi  attended  to.  TulanLT. 
Wall  plates  and  templets  must  be  proportionately  larger  as  thi-ir  length  and  the  weight  of 
the  floor  increases.  Their  scimtllng)  will,  in  this  respect,  vary  to  4)  by  3  iocbea,  up  to  T|  by 
5  inches.  FooaTHLT.  The  timbers  should  always  be  kept  raUier  higher,  say  half  to  Ibm 
quarters  of  an  inch  higher,  in  the  middle  than  at  the  sides  of  a  room,  when  first  tramed,  so 
that  the  natural  shrinking  and  the  settletnenl  which  occurs  in  all  buildings,  may  not  ulti- 
mately show  when  the  building  is  finished.  Lastly,  when  the  ends  of  jcuata  or  girders  are 
supported  bj  external  walls  whoae  height  is  great,  the  middles  of  such  timbers  ought  not 
■t  first  to  rest  upon  any  psrlitian  wall  that  does  not  rise  higher  than  the  Boor,  but  a  space 
should,  says  Vitruvius  (lib.  7.  c  1.),  be  rather  left  between  them,  though,  when  all  boa 
aettled,  they  may  be  brought  to  a  bearing  upon  it.  Neglect  of  this  precaution  will  induce 
tmequol  settlements,  snd,  beside*  cauaing  the  floor  to  be  thrown  out  of  a  leral,  will  moat 
prolvbly  fracture  the  comers  of  the  rooms  below. 

a014.   SiKOLi   Floobiho  is  con- 
structed with  onl7  one  series  of  joists 
(as  shown  in  Jlj.  67a.).    Inthiswav 
of  ftamingalloot,  ifagirder  is  used, 
it  should  be  laid  as  marly  as  pos- 
sible aver  the  centre  of  the  apart-  i 
ment.      A  a*gU  floor  containing  I 
the  same  quantity  of  timber  as  a  I 
double  floor  is  much  stronger;  but  I 

the  ceiling  of  the  former  is  liable  '  ni.an. 

to  crock,  and  cannot  be  got  to  so 

good  a  sur&oe  when  finished.      Hence,  where  the  bearings  are  long,  it  is  much  better  to 
use  double  flooring. 

mis.  Ilie  scantluigsf^ fir  Joists  l(>rnngie  flooring  are  exhibited  in  the  subjoined  Ubie, 
and  are  (btuided  on  our  own  practice.      The  weight  of  a  square  varie*  from  11  to  IBcwt. 


These  scantlit^  may  be  Taried  if  wanted,  oceor^ng  to  the  laws  lud  down  in  tbe 
section  on  Mechanical  Carpentrj.     (I6SS.  (<  M9.) 

aoie.  In  fy.  672.  AAA  ore  the  joists,  and  B  the  floor  boards.  Tlie  laths  for  the 
ceilmgarenailed  to  the  underside  of  the  joists  AAA. 


Ch*!'.  Hi. 


PRACTICAL  CARPENTRY. 


5« 


901 T.  In  most  floor*,  on  ucounl  of  tbe  interreDtion  of  flue*,  ehimney  opening*,  and  ae- 
cmaiooallj  other  exuet,  it  vUl  to  happen  that  the  end*  of  tbe  jcoati  cuinot  have  a  bearing 
oa  the  wtll.  In  tuch  mho*  a  piece  irf  timber  called  a  trimmtr  a  framed  into  two  of  tbe 
Dearest  joiila  (then  called  trimming  JoiiU)  that  have  a  bearing  on  the  waU.  Into  tbe 
trinuncr,  which  ii  paiallel  to  the  wall,  the  end*  of  the  joieti  tbui  intercepted  from  tailing 
into  the  vail  are  mortiaed.  Tbe  opentiim  ia  called  Irimmixg.  The  scantling*  of  trimmer* 
and  trimming  joiati  may  be  tbe  tame  *•  those  bereafler  given  for  binding  joist* ;  or  if  to  the 
widtb  of  the  common  joiili  an  eighth  of  an  inch  be  added  for  each  Joist  supported  b;  the 
trimmer,  the  depth  bein^  tbe  same,  the  scantling  will  generally  be  sufficient. 

SOI  a.  Wbtn  the  bearing  of  a  tingle  joist  floor  eiceeds  8  feet,  a  row  of  strutting  piece* 
should  be  introduced  between  the  joists,  by  which  they  will  be  prerented  from  boHsontal 
twisting,  and  the  floor  will  be  stiffened.      If  the  bearing  be  more  thin  13  feet,  two  rows  of 


luld  li 


bearing.  They  should  be  pi 
of  15  feet  it  i*  not  advisable  u 
where  it  i*  required  to  preren 
9019.  A  ibnJik  fipor  eonuM 
binding  jaitU  (these  perform  tl 
an  inspection  of  ^. 

will  be  eadly  under. 

atuod.       AA  are  the 

Innding  joist*,  which 

are      the      principal 

nipporl  of  the  floor 

on    tbe   upper  side, 

whereof    BB.      the 

bridgins    joists    are 

notcheai     which  is  ri*.  171. 

the      best     method, 

though  sometimes  they  are  framed  between  with  ehated  mortteta.     The  binder*,  of  course, 

run  from  wall  to  wall  i  and  as  for  carrying  the  floor,  the  bridging  joists,  as  their  nome  im. 

ports,  are  brulgtd  on  to  them  i  so  the  lower  tier  of  timbers,  called  the  mli%gj<aMti,  are  either 

ootched  to  them,  or  are  what  is  called  paJJey  mortimJ  into  tliem  ;   that!*,  a  chase  is  cut  in  th* 

binder  long  enough  to  allow  of  the  tenons  of  the  ceiling  joist*  being  obliquely  introduced 

into  them  and  driven  up  to  their  places.      The  scantlings  of  timbers  used  in  this  method 

are  the  same  as  thoae  for  doubled-framed  flooring,  of  which,  indeed,  it  is  but  a  specie*. 

SOZO.   Tbe  doiMt-fTiimtd  ftar  differs  only  from  the  last-named  by  tbe  binding  joists, 
in*tead  of  gtung  from 
wall  to    wall,  being 
framed     into     large 


It  prcrenl* 


for  lhrce'ili.I^''jo™  "*""■ 

D,  and  F  is  the  floor.      Tbe  great  advantages  of  this  sort  of  flooring  are,  that  it 

tbe  passage  of  sound  between  the  stories,  and  ennblei  the  architect  to  nuke  a  solid  ceiimg. 

9021.    As  in  a  double-framed  floor  the  girdeis  are  the  chief  supports,  it  is  eiceedingly 
important  that  they  should  be  sound  and  free  from  shake*.      The  distances  belwEvn  one 
girder  and  another,  or  the  wall,  ahould  not  exceed  10  feet,  and  their  sesntlings  as  in  ihe 
ing  table :  — 
iirden  of  tbe  length  of  10  feel  should  be  9  Imdwi  deep,    T  inches  wide. 
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B  bMriog  eiceedi  S4  feet  an  difficult  to  be  procured  of  sufficient  depth,  in 
I  expedient  ii  put  in  requintion  to  ulreugtheo  a  les  deplb.  Tbe  priuclplei 
ill  be  expUiEied  under  the  hewl  of  Roofi»  namely,  tboee  of /niHritj^thein,  an 
eh  eonterta  tbe  girder  within  its  own  thieiineaa  ioto  a  piece  of  fnuneirark,  for 
jf  preventing  the  banding,  or  as  it  La  lechically  called,  tagging,  of  the  girder, 
ea  aa  tnjurioua  horliontal  thruat  on  the  walla.  Iliia  operation  ia  represented  in 
ro  di&ersnt  way^  the  iower  portion  of  the  diagram  repreaeDting  the  plan. 


1  :^^- 

^:z:'-- 
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in  the  direction  of  its  depth  and  length,  between  and  into 
rn.  It  ia  belter  that  the  trutt  patli  A,  and  abntmeni  pitta 
le  wtrtitt  C  maj  be  of  oak,  or  aome  aiifitr  wood  than  the 


The  girder  i*  mt  into  two  halie 
which  the  truu  ia  inaerled,  aa  ah 
B,  should  be  of  wrought  ironi 
girder  ilaelf. 

■.202a.  We  now  return  to  the  aubjeet  of  binding  joiata,  which  ou^t  not  to  be  more  than 
6  feet  aparL  Tbe  deplha,  if  neceaaarjr,  fbr  accommodating  them  to  Ihe  thlcknen  of  tbe 
floor,  ma;  be  Taried  from  the  following  table  hj  the  rules  already  given  under  the  section 
Mechanical  C>.ara>rrtT. 

Binding  Jiuata  of  the  length  of   6  feet  should  be    6  inebe*  deep,    4  inches  wide. 


The  Bcantting*  of  bridging  joiiti  are  similar  to  those  already  given  for  ungle  dooring. 
Ilieae,  as  weM  as  ceiling  joists,  whose  scantling*  are  subjoined,  should  not  be  more  than 


13  tncbea  apert,  and  they  require  to  be  sc 


is  necessary  to  bear  the  nails  ot 


10 


51 


The  weight  of  a  square  of  framed  flooring  with  counter  flooring  Taries  from  S3  to  about 
36  ewt. 

3033.  'HiDugh,  perhapii  more  curious  than  tiseful,  we  should  not  perform  our  duty  to  the 
student,  were  we  to  omit  a  method  of  oonslructing  floors  with  short  limbers,  where  long 
ones  are  not  to  ba  procured.      Suppose  it  be  required  to  floor  the  room  ABCD  (fy.  676.) 
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Let  four  joiati,  u  in  the  Agure,  be  mortised  and  tenoned  it  abtd,  u  there  shown.  Nov 
it  is  evident  that  these  JtHsts  vill  mutuslljr  support  each  other»  fbr  each  is  supported 
■t  one  end  bj  the  woU,  and  ■■  the  other  by  the  middle  of  the  next  joist.  Ftg.  677. 
■faovs  another  mode  of  acoornplishLng  the  ssme  object;  and  monj  other  forms  would 
immediately  suggest  themselves  to  the  eiperienced  architecL  The  expedient  is  of  ancient 
origin,  inasmuch  as  our  old  master  (so  we  delight  to  call  him*  notwithstanding  the  new 
lights  that  modem  critics  have  found  to  guide  them),  Serlio^  has  described  the  expedient 
without  any  difference.  In  the  fburlh  rolume  of  Rondelet  (_An  dt  Batir),  an  author  to 
whom  we  ure  under  infinite  obligslions,  is  described  a  floor  executed  at  Amsterdom  for  a 
room  €Ofcet  square,  of  exceedingly  singular  construction,  inasmuch  as  it  is  without  joists 
at  all-  Each  aide  of  the  room  is  provided  with  very  strong  wall  plates,  whose  angles  are 
secured  with  iron  str^s,  and  are  rebated  to  receive  the  flooring,  which  consists  of  three 
thicknesses  of  I)  inch  boards.  Of  these  thicknesses,  the  first  is  laid  diagonally  across  the 
opening,  its  ends  resting  on  the  rebates  of  the  wall  plates,  and  rising  about  2|  inches  towards 
the  centre  of  the  room.  The  next  (second)  thickness  is  laid  diagonally  at  right  angles  Co 
the  first  thickneu,  and  the  two  are  well  nailed  together.  In  the  third  thickness,  the  boardi 
are  laid  down  parallel  to  one  of  the  sides  of  the  room,  and  form  the  upper  side  oF  the  floor, 
being,  however,  well  nailed  to  those  below.  The  whole  of  them  are  gromrd  and  Itmgved 
together,  forming  a  solid  fioor  4]  inches  thick.  In  this  example  is  an  inatance  well  worthy 
the  study  of  the  architect,  as  respects  a  scientific  connection  of  parts,  and  the  great  ad- 
Tanlage  of  a  well-disposed  bond.  The  floor  in  question  is,  in  bet,  a  thin  plate,  well 
supported  round  the  edges,  the  strengths  of  the  plates  being  directly  as  the  squares  of 
tbeir  thicknesses,  equally  strong  to  bear  a  weight  in  the  middle,  whatever  their  biaring; 
though  if  the  load  be  uniformly  distributed,  the  strength  will  be  inversely  as  the  area  of 


'  limber  used  for  diTiding  the  internal  parts  of  a  bouie  into 
ir  gaortmd  partitim.       It  is  commonly  lathed  and  plastered; 

paTlition,  llie  weight  of  a  square  of  common  partition  ii  rarely  leu  than  ft-om  i.t  to 
1&  cwt.  ;  hence  it  becomes  necessary  to  take  core  (hat  partitions  should  not  be  set  upon  the 
floor,  without  taking  due  precaution  to  relieve  it  of  the  weight,  either  by  struts,  braces,  or 
the  formation  of  ■  truss  in  it.  When  a  partition  occurs  in  an  upper  story,  under  a  strongly 
trussed  roo(  il  may  be  often  advantageously  suspended  from  the  roof,  and  its  weight  thus 
taken  off  from  the  floor  below.  If  it  have  a  solid  bearing  throughout  iu  length,  it 
requires  nothing  but  struts  between  the  quarters;  but  these  are  not  absolutely  required. 
The  scantlings  at  the  timbers  of  a  quarter  partition  should  vary  according  tu  the  extent 
of  bearing.  Where  that  does  not  exceed  SO  feel,  4  by  3  inches  will  be  sufGcient ;  and  where 
it  is  as  much  as  40  feel,  the  quarters  should  not  be  under  G  by  4  inches,  that  is,  suppoung 
it  to  bear  only  its  own  weight.  When  it  has  lo  bear  more,  tlie  scantling  must,  of  course, 
be  increased  accordingly. 

lumr     r-.   ^-n    j__z —  »_j  ^  tnused  partition,  with  a  doorway  in  the  centre 


of  it:    in  which  hh   is  the  head,  and  A  A  the  sill ;  dc,   rfc  the  doorposts;   ^  »•*  .'""* 
A*  Ad  the  braces ;  fd,  fd  struts.      Fig.  679.  shows  ■  method  of  Irusaing  a  partition 
which  the  doors  are  at  the  sides.    It  is  ohvioui  Uiat  sddi^onal  strength  may  also  he  gaim 
when   wanted,  by  introducing  ■  truss  between  the  intertie  and  head  of  a  partition, 
angle  oF  inclination  of  braces  should  be  about  40°  -with  the  horiion. 


a026.  The  framed  timbers  which  support  the  steps  of  a  staircase  are  called  '}"*  "'"^ i 
They  generally  consist  of  two  pieces  inelis«d  to  the  pitch  of  the  '^"' JT.'  °  "bei™n 
uhI^'.  When  geometric^  sUir,  consist  of  two  alter,»«.  flights  "'*',■' "^^"^70*0^ 
them,  the  nuriage  of  the  half-pace  is  conatructed  with  a  beam  parallel  to  tne  nw 
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to  preM  upon  the  walls,  and  by  that  bearing  to  unite  and  hold  all  together.  This  it  will 
not  be  massy  enough  to  perform  if  too  little  timber  be  employed,  so  that  the  extreme  is 
to  be  shunned.  But  in  practice  the  great  and  common  error  is  on  the  other  side ;  and  he 
wiU  do  the  most  acceptable  senrice  to  his  profession,  who  shall  show  how  to  retrench  and 
execute  the  same  roof  with  a  smaller  quantity  of  timber ;  he  will  by  this  take  off  an  un- 
necessary load  from  the  walls,  and  a  large  and  useless  expense  to  the  owner.** 

S031.  We  shall  now  proceed  to  a  popular  view  of  the  strains  exerted  by  the  timbers  of 
roofr,  referring  the  reader  back  to  the  section  on  Mechanical  Carpentry  for  a  more  extended 
and  scientific  view  of  thenoL  Suppose  i^fig.  680.),  in 
the  simplest  form  of  roof,  the  rafters  (shown  by 
dotted  lines)  AB,  CB  to  pitch  upon  the  walls  Aa, 
Ce.  Let  the  rafters  be  supposed  to  be  connected 
together  at  B  as  by  a  hinge,  as  also  similarly  con- 
nected with  the  walls  at  A  and  C.  Now  if  the 
effective  weight  of  the  walls  be  not  sufficient  to  resist 
the  thrusts  of  the  rafters,  as  respects  the  height,  thick- 
ness, and  situation  of  the  centre  of  gravity  of  such 
walls,  taken  as  solid  masses  and  moveable  on  the 
points  X  and  Y,  it  is  manifest  the  rafters  by  their  own 
gravity  will  descend,  and  the  walls  will  spread  and 
be  thrown  out  of  an  upright,  as  in  ofr  and  cd^  and 
the  rafters  will  take  the  places  shown  in  the  figure.  It 
has  already  (  Mechanical  Carpentry,  1 63S.)  been  shown 
that  the  horizontal  thrust  of  a  pair  of  rafters  thus 
meeting  each  other,  is  proportional  to  the  length  of  a  line  drawn  perpendicularly  from 
the  rafter*s  foot  until  it  intersects  a  vertical  line  drawn  from  its  apex.  As  the  roof  there- 
fore becomes  flatter,  the  length  of  the  perpendicular  increases.  Hence,  if  AB  and  BC  be 
the  rafters,  and  their  weights  be  represented  by  their  lengths,  the  weight  or  power  of 
thrust  exerted  by  the  rafter  AB  in  the  direction  of  its  length  will  be  represented  by  BO,  and 
the  horizontal  thrust  by  AO  ;  AO  being  perpendicular  to  AB.  To  secure,  then,  the  walls  in 
their  perpendicularity,  which  the  thrust  of  the  rafters  tends  to  produce,  a  system  of  framing 
becomes  necessary.    Thus,  in  fig,  681 . , 

a  beam  AC,  which  firom  the  office  it  R 

performs  of  tying  or  confining  the  feet 
of  the  rafters  is  called  a  fie  h^vm^  is  in- 
troduced across  the  opening,  and  into 
this  beam  the  rafters  are  framed.  If 
the  tie  is  introduced  above  the  level  of 
the  walls,  it  is  called  a  co2Zar  htam^  as  ac. 
It  is  manifest  that  these  beams  exert 
their  power  in  the  same  way  that  a 
string  would,  that  is,  that  the  principal 
strain  which  they  have  to  perform  is  in 
the  direction  of  their  length,  and  hence,  that  for  such  especial  purpose,  if  they  be  prevented  from 
tagging  or  bending,  a  small  size  or  scantling  will  be  sufficient,  for  we  have  already  seen  that 
the  cohesive  power  of  timber  is  very  great  in  the  direction  of  its  length.  To  take  care 
that  the  tie  beam  thus  introduced 
should  be  strained  only  in  the  direction 
tot  which  it  is  used,  we  are  now  led  to 
another  expedient.  The  beam  by  its 
own  gravity,  especially  in  a  large  open- 
ing, would  have  a  tendency  to  sag  or 
bend  in  the  middle,  and  the  more  so  if 
its  scantling  be  simply  proportioned 
to  its  office  of  a  tie.  To  prevent  thu 
a  fresh  tie  is  introduced  called  a  king- 
po9t  DB  {fig.  682.),  by  which  the 
beam  is  tied  or  slung  up  to  the  apex  of 
the  principal  rafters ;  and  this  combination  of  a  pair  of  rafters,  a  tie  beam  and  a  king, 
post,  is  called  a  irus9,  and  is  the  most  important  of  the  assemblages  which  the  car- 
penter produces.  When  the  rafters  are  of  such  length  that  they  would  be  liable  of 
themselves  to  sag  down,  supports  aa  are  introduced  at  the  points  where  such  fiulures  would 
occur,  and  these  supports  are  called  gtruU,  because  their  office  is  to  strut  up  the  rafter, 
which  they  should  do  as  nearly  as  the  ease  will  admit  in  a  direction  perpendicular  to  the 
slope  of  the  rafters. 

803S.   It  is  clear  that  out  of  this  last  case  a  fresh  system  of  trusses  may  arise  as   in 
fig.  683.,  fi>r  from  those  points  procured  by  the  struts  against  the  rafters,  new  rods  may 


Fig.  681. 


KlR.  689. 
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Fig.  689. 


FiK.6M. 


be  slung  for  increasing  the  stiffiiess 
of  the  tie  beam  od  ii^fimUan  in  theory, 
but  not  in  practice,  because  the  com- 
pressibilitj  of  the  fibres  of  timber  is 
considerable  in  lines  perpendicular 
to  their  direction,  and  the  contraction 
and  expansion  of  metal  places  a  limit 
to  its  use.  This  compression  of  tim- 
ber desenres  great  attention  on  the  part  of  the  architect.  We  may  lay  down  as  a  rule 
in  respect  to  it  that  the  more  the  weights  or  pressures  act  in  the  direction  of  the  fibres, 
the  less  will  be  the  compression. 

203S.  To  exemplify  this,  fig.  684.  shows  in  No.  1.  the  principal  rafters  of  a  roof 
butting  in  an  ordinary  roof,  against 
the  shoulders  AB,  CD  of  the  king- 
post,  whose  fibres,  being  vertical,  are 
compressed  by  the  pressure  against  it, 
on  oMh  side  of  the  rafters,  whereby 
they  approach  each  other,  causing 
the  whole  figure  of  the  roof  to  suffer 
a  diange.  For  by  the  action  of  com- 
pression and  its  consequence  the  kingpost  must  descend,  and  with  it,  con8e<iuently,  the  tie 
beam  which  is  slung  up  to  it  To  remedy  the  inconvenience  in  roo6  constructed  of  fir,  the 
kingpost  is  often  made  of  oak,  which  is  less  compressible,  a  practice  which  should  be 
observed  in  all  roo6  of  consequence.  But  cast  iron  kingposts  are  the  best  substitute  where 
the  expense  can  be  justified.  In  No.  2.  the  end  is  accomplished  much  more  economi- 
cally by  housing  the  rafters  in  the  head  of  the  kingpost  at  the  ancle  in  which  the  rafters 
meet,  by  which  the  fibres  of  the  rafters  butt  against  each  other,  bnnging  the  compression 
nearer  to  that  which  takes  place  in  a  post  according  as  the  rafters  are  less  inclined  to  each 
other,  and  the  beam  is  then  literally  suspended  from  the  vertical  planes  of  the  rafters  at 
their  junction. 

20S4.  When  a  roof  (fig.  685. )  is  trussed  by  two  upright  suspending  posta^  which  be- 
come necessary  in  increased  spans, 

such  posts,  AB,  CD, are  called  queen-  b  b  d 

poUif  and  the  piece  between  them, 
BD.  is  called  a  eolhr,  which  acts  as 
a  etrainimg  piece  to  prevent  the  heads 
of  the  queeO'posts  moving  out  of 

their  places  towards  each  other.     It  pig.  nn. 

will  on  mere  inspection  be  seen  that 

this  roof  has  three  points  of  support,  B,  £,  and  D ;  for  by  means  of  the  struts  A£,  EC,  a 
new  suspending  point  is  gained  from  £  for  sustaining  the  tie  beam  between  the  points  A 
and  C.  It  is  also  to  be  observed  that  the  collar  or  straining  piece  BD  performs  in  this 
assemblage  an  office  exactly  the  reverse  of  that  which  it  does  \nfig.  681. 

2035.  The  Mansard  roof,  so  called  from  its  inventor's  name,  and  with  us  also  called  a 
Curb  roof,  is  frequently  used  for  the  purpose  of  keeping  down  the  height  of  a  building,  and 
at  the  same  time  of  obtaining  sleeping  or  other  rooms  in  it,  is  shown  in  fig.  686.  It  may 
be  considered  as  primarily  consisting 
of  four  pieces  of  timber  connected  by 
hinges  at  the  points  ABCDE.  If 
these,  as  shown  by  the  dotted  lines, 
be  inverted,  they  will  arrange  them- 
selves by  their  gravity  in  such  a  man- 
ner that  when  returned  to  their  first 
position  they  remain  in  a  state  of 
equilibrium,  which,  however,  in  prac- 
tice, is  but  a  tottering  one,  and  re- 
quires additional  expedients  to  pre- 
vent the  whole  assemblage  thrusting 
out  the  walls ;  and,  moreover,  to  pre- 
vent the  upper  rafters  from  acting  by 
their  thrust  to  displace  the  lower  ones. 
To  obtain  these  ends  the  first  object 
u  to  introduce  the  tie  AE  (Jig.  687.) ; 
and,  secondly,  the  tie  BD.  It  is  to  be  understood  that  means  are  to  be  used,  when  needed 
from  their  length,  to  prevent  these  beams  from  bending,  similar  to  those  already  directed 
in  the  cases  of  simple  trusses.  We  have  thus  &r  endeavoured  to  explain  in  the  simplest 
way  the  conduct  to  be  pursued  for  obtaining  stability  in  the  construction  of  a  roof;  but 
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oT  the  timben  to  be  employed,  the 
Tceder  muit  be  Inrbrmed  that  the 
tmuH  to  roofing,  vilh  whoce  na- 
ture he  hu  now  become  acquunted, 
are  placed  onljr  itcerUin  inteneli 
(which  »hould  not  exceed   10»wt) 
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fiirm  the  office  of  nupending  the 
lie  beam  b;  which  the  wiJIs  are 
kept  bigelhei.      Hence  the  nften 


bear  alt  the  luperincumbeat  load. 
The  purlinei  are  in  rarioui  ways 
made  fa«t  to  the  principal  rafters, 
and  upon  it  the  oammDn  rafters 
are  uiuill;  notched  down.  Their 
beariDgs  are  thus  lesaened,  and 
leu  scantlingi   aufhce    for    Ihem, 

of  the 
mber 


ThCTureiel 
diDelly    alar 


re  of  timber  (B  in  the  figure),  which 


ulldin. 


Thi. 


a  poU  piatr,  from  beinff 
uw  uppermost  plate  in  a  build^ 
ing;  at  their  nimniiu  they  abut 
against  a  ridgt  pita  D.  When 
a  TDof  slopes  each  way,  the  space 
enclosed  between  the  intertection 
oT  the  atope*  is  called  a   hip  (Ji^. 


9.)J 


id  (he  longegt  raften  in  it, 
ingles,  ai 


whicl  „      , 

called  hip  rafttrt,  and  the  iborter  ones  are  named /oejl  raflert,  ai  A,  A,  A,  &c. 

30)6.  Wehaie,  at  the  beginning  of  this  section  (3007.),  obserred,  that  the  uie  nude  of 
holts  must  be  always  in  a  direction  aa  nearly  as  potaible  counter  to  the  strain  which  the 
pieces  exerl  \  the  method,  tfaerefere,  of  introducing  them  will,  on  due  couBideratjon, 
be  Buflleiently  obrious. 

Before  proceeding  to  lay  before  the  reader  some  lew  examples  of  roofs  suitable  to  dif- 
ferent spans,  as  well  as  of  some  of  magnitude  which  have  been  executed,  it  maf  be  as 
well  to  complete  this  portion  of  our  labour,  by  giving  some  information  on  the  leantlings 
of  timber  for  roofing,  in  which  a  medium,  founded  on  our  own  practice,  is  introduced 
between  ignorant  overloading,  and  ftneifVil  theory, 

90ST.  For  roofs  whose  spans  are  between  !0  and  30  feet,  no  mote  than  a  truss  with  a 
king-poit  and  atruti  will  be  neeeaaary,  in  which  case  the  tcantlingi  hereunder  given  will 


be  sufncit 

For  a  span  of  SO  feet,  the  t 

principal  rafter,  4  iiL  b; 
For  a  span  of  35  feet,  the  tii 

principal  raAer,  5  in.  b; 
For  a  span  of  30  feet,  the  ti 


willb. 


For  a  span  of  35  feet,  the  ti 
principals,  5  in.  by  4  in 

For  a  span  of  40  feet,  the  ti 
principals,  5  in.  by  5  In. 
"   15  feet,  the  t 


..by  5  in 


!■  again  from  the  latter 


mm  to  be  9  in.  by  4  in.  \  the  king-post,  4  in.  by  4  in. ; 

n.  ;  struts,  4  in.  by  3  in. 

im  to  be  1 0  in.  1^  5  in.  I  the  king-poeta,  5  in.  by  5  in. , 

n.  ;  struta,  5  in.  by  3  in. 

im  to  be  1 1  in.   by  6  in. ;  the  king-post,  6  in.  by  €  in. ; 

,6  in.  by  3  in. 
'e  between  30  and  45  feet,  a  trun  with  two  queen-poeta 
itraining  piece  between  the  queen-posts.      Thus  — 
anu  to  be  11  in.   by  4  in. ;  queen-posts  4  in.  by  4  in.  ; 
raining  piece,  7  in.  by  4  in. ;  struts,  4  in.  by  9  in. 
snu  to  be  IS  in.  by  5  iiL  1  queen-poats,  5  in.  by  5  in. ; 
nuning  piece,  T  in.  by  5  in. ;  struts,  5  in,  by  !j  in. 
esms  to  be  lain,  by  6 in. ;  queen-posts.  6  in.   by  6iiL  ; 
raining  piece.  7  in.  by  6  in, ;  struts,  S  in.  by  3  in. 
t  between  45  and  SO  feet,  two  queen-posts  are  required, 
1 ;  BtTutB  {rom  tlie  larger  to  the  smaller  queen-po^  and 
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For  a  span  of  50  feet,  tie  beams,  1 S  in.  by  8  in. ;  queen-posts,  8  in.  by  8  in. ;  small  queens, 

8  in.  by  4  in. ;  principals,  8  in.   by  6  in. ;  straining  piece,  9  in.   by  6  in.  ;    struts, 
5  in  by  3  in. 

For  a  span  of  55  feet,  tie  beams,  1 4  in.  by  9  in. ;  queen-posts,  9  in.  by  8  in. ;  small  queens, 

9  in.  by  4  in. ;  principals,  8  in.  by  7  in. ;  straining-piece,  10  in.  by  6  in.  ;    struts, 
5|  in.  by  3  in. 

For  a  span  of  60  feet,  tie  beams,  15  in.  by  10  in. ;  queen-posts,  10  in.  by  8  in. ;  small 
queens,  1 0  in.  by  4  in. ;  principals,  8  in.  by  8  in. ;  straining  piece,  1 1  in.  by  6  in. ; 
struts,  6  in.  by  3  in. 

2040.  The  scantlings  of  purlines  are  regulated  principally  by  their  bearing ;  and  though 
we  have  subjoined  scantlings  for  bearings  of  1 2  feet,  such  should  be  avoided  by  not  allowing 
the  distances  between  the  trusses  to  exceed  10  feet.     Thus  — 

For  a  bearing  of  6  feet,  the  scantling  of  the  purline  should  be  6  by  4. 

8  feet,  —  7  by  5. 

10  feet,  —  8  by  6. 

12  feet,  —  9  by  7. 

For  common  rafters  the  scantlings  are  as  follow  ;  12  feet  should  be  the  maximum  of  the 
bearing. 

For  a  bearing  of  8  feet  the  scantling  of  the  rafter  should  be  4  by  2^ 

lOfeet,  —  5  by  24. 

12  feet,  —  6  by  21. 

2041.  By  a  study  of  the  roofs  which  follow  as  examples,  the  architect  will  be  led  to 
other  expedients  and  modifications  of  the  forms  submitted  to  his  notice,  as  circumstances 
may  call  forth  his  ingenuity  and  talents.  We  have,  we  trust,  already  said  enough  to  lead 
him  on.  Where  economy  must  be  consulted, 
the  roof  shown  injlgf.  690.  may  be  used;  it 
is  only  fit  for  a  small  building,  and  the  span  of 
such  a  one  should  not  exceed  25  feet  llieleft 
end  of  the  collar  beam  exhibits  what  is  called 
the  carpenter's  boast,  but  it  partakes  somewhat 
of  the  rule  joint,  being  worked  out  to  a  cen- 
tre. But  in  roo&  above  25  feet  span  it  is  ng.  090. 
not  well  to  omit  the  king- post  and  tie  beam,  thoueh,  if  particular  strains  are  to  be  provided 
against,  even  in  such  small  spans  the  struts  should  not  be  omitted,  and  the  form  shown  in 


Fiff.6»l. 


Fig.  sot. 


Jiff.  691.  should  be  adopted,  which  will  answer  for  spans  at  least  up  to  35  feet  In  this  and 
oUier  cases  of  larger  span,  it  is  oft«n  desirable  that  the  common  rafters  should  not  stand 
above  the  principals,  and  then  the  purlines  are  ftamed  by  mortices  and  tenons  ioto  the 
principals,  as  shown  at  A  {^ff.  692.),  wherein  the  line  be  shows  the  underside  of  the 
common  rafters  notched  on  to  the  principals. 

2042.  From  35  to  45  feet,  the  tie  beam  should  be  suspended  firom  at  least  three  points, 
or  it  will  be  unnecessarily  heavy ;  and  this  suspension  of  the  tie  beam,  so  that  it  may  be 
really  a  tie  unsusceptible  of  alteration  in  form,  is  the  true  cause  of  this  introduction  of 
king  and  queen  posts,  as  we  have  before 
explained  to  the  reader.  Indeed,  as  a 
general  rule,  it  is  well  that  the  distance  be- 
tween such  points  of  support  for  a  tie-beam 
should  not  exceed  1 3  to  15  feet,  without 
expedients  being  used  to  prevent  inter- 
mediate sagging.   Fiff,  693.  is  the  form  of 

a  roof  for  a  span  of  firom  50  to  60  feet,  in    ^-^-^  fj^.  593. 

which  is  seen  the  connection  of  the  roof  with  the  walls. 

2043.  For  spans  above  60  feet  we  have  not  siven  scantlings  of  timber  in  the  preceding 
tables ;  but  such  do  not  greatly  increase  beyond  60  feet  with  practicable  spans,  and  enough 
has  been  already  said  to  make  the  reader  acquainted  with  that  part  of  the  subject  Fig.  694. 
is  an  example  of  a  roof  calculated  for  a  span  of  70  to  80  feet,  and  in^.  695.  a  passage  or 
other  conveniency  may  be  practised  between  the  queen-posts. 
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9044.  Id  all  the  cases  giren,  the  roof  is  supposed  to  feceive  no  support  from  any  but 
the  external  walls,  and  the  trusses  to  be  not  more  than  lOfeet  apart 

2045.  We  shall  now  proceed  to  offbr  a  few  examples  of  roofs  that  have  been  executed, 
all  of  which  haye  already  appeared  in  works  relating  to  the  sufcgeet,  as  specimens  of  the 
most  instructive  and  usdfiil  class  for  the  student  The  reader  who  desires  to  extend  hia 
inquiry  into  this  branch  of  carpentry,  and  to  become  acquainted  with  a  multitude  of  ex- 
amples, is  recommended  to  the  celebrated  work  of  Kraaft,  Beeueii  d*  CharpenU^  and  also  to 
Rond^et*s  admirable  treatise  VArt  dt  Baiir,  The  space  to  which  we  are  limited  pre> 
vents  the  insertion  of  many  specimens  which  we  would  have  gladly  published  here.  The 
principles  have,  however,  been  so  explained,  that  we  trust  the  omission  will  not  be  felt  In 
respect  of  Gothic  examples,  a  reference  to  tiie  section  of  Westminster  Hall  (j$$r.  196.)  will 
exhibit  one  of  the  modes  adopted  to  span  the  large  ancient  halls  of  the  country.  In  them 
the  tie  is  rarely  found  ccmnecting  the  feet  of  the  principal  lafkers ;  for  such  an  arran^ment 
would  have  prevented  the  ornamental  system  which  results  from  the  substitution  of  a  collar 
for  a  tie  be«n. 

2046.  Fig.  696.  represents  a  section  of  the  roof  of  St  MartinVin-the-Ilelds,  Westminster* 


Fig.  60S. 

dengned  by  Oibb*  The  breadth  of  the  building  between  the  walls  is  69  ft ;  firom  eentie 
to  centre  of  columns  the  middle  aisle  is  39  ft  11  in.  The  roof  is  well  contrived  and 
framed ;  but  the  timbers  are  stronger  than  they  need  have  been.  Tbe  scantlings  of  them 
are  as  follow:  —  A,  principal  rafter,  IS  in.  by  10  at  bottom,  and  11  in.  by  10  at  top ;  B^ 
straining  brace,  14  in.  by  10  at  bottom,  and  11  in.  by  10  at  top ;  C,  king-post,  9  in.  by  9; 
D,  strut,  7  in.  by  74 ;  £,  queen-post,  8  in.  by  9) ;  F,  strut,  7  in.  by  7 ;  G,  tie  beam,  14  in., 
by  9) ;  H,  post  over  the  column,  14  in.  by  9^;  I,  brace,  7  in.  by  7;  K,  brace,  7  in.  by  7; 
L,  post,  8  in.  by  9;  M,  hammer  beam,  14  in.  by  9);  N,  brace,  8  in.  by  8;  P,  post  in  the 
wall ;  0,0,0,  purline  rafters,  4  in.  by  6. 

2047.  Fig,  697.  is  a  section  of  the  roof  to  the  chapel  of  Greenwich  Hospital,  construeted 
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L  bj  ISi  DDDD,  itniti,  9  in.  by  T;   E,  ttnining  beuo,  lOin.  by  T;  F, 
tmiamg  puoc  S  in.  b;  Tt    OO,  GG,  prinoipal  nften,  10  in.  by  T(   AM*,  &c.  piulin* 
rmftsi  for  bowding  upon  imtaod  of  nftcn ;  U.  a  amber  beun,  ■npportinc  tba  pUtforra. 
9048.   Ftff.  6B8.  exhibit!  the  roof  of  the  old  Dniry  Luw  Thc^ie,  «bieh  mi  biult  in 


i.><K.><lK.XK.n 

X 

X 

L. 

u 

I T93.  It  p<iae»«  great  merit,  iVoiii  the  ■Implieit;  of  iti  oompoutitm  and  the 
didon  (IfbTded  in  the  middle  ipaoe  fbi  tba  eupenlen  and  puutan.  B^  dividing  t^s  u<.n>ui 
of  tba  building  into  three  part*  the  roof  waa  kept  low,  and  the  >eantliiigs  much  reduced  in 
nia.  The  ipan  i»  BO  ft.  31  in. ,  the  trmsee  were  J  S  ft.  apart,  and  the  whole  length  of  the 
roof  waa  SOOft.  It  waa  deatrored  by  fire  on  the  S4th  of  Febnuoy,  1809.  The  acaotlinga 
of  the  timber*  were  ai  fellow  i  —  A.  beama,  1  a  in.  by  7i  B,  prineipal  raften.  7  in.  thick; 
C,  king-poata,  I S  in.  by  7  ;  D,  atnita,  5  in.  by  T  i  E,  purlinea,  9  in.  by  5  ■,  F,  rid^  piecei, 
■  lin.  tluek;  G,  pole  plato,  5  in.  by  5  ;  H,  gutter  plate*  framed  into  beam*,  IS  in.  by  6; 
I.  common  raften,  £  in.  and  4  in.  by  81 ;  K,  bettoa,  lfiin.by  IS;  L,  porta,  15  in,  by  IS: 
H,  principal  braeea,  14  in.  by  IS  and  IS  j  N,  strut*,  a  in,  b^  13;  O,  oak  trunea  to  tba 
middU  bearing  of  beama,  Si  in.  bytj;   P,  atraining  beam*,  ISm.  by  13. 

S049.  The  laat  example  we  ihall  praaent  ii  of  the  method  m  which  the  external  dome 
of  St  Paul'*  i*  framed  (fy.  699.).  The  internal  dome  An  i*  of  brickwork,  two  bricka 
thick,  haTing,  at  erery  Gtc  ftet,  >■  it  rise*,  a  ooune 
eonuating  of  brick*  eigfatven  inebei  lim^  vbieh  aerres 
to  bind  the  whole  ^iekneaa  together.  Thi*  dome 
waa  turned  upon  a  centre,  which  retted  npon  the 
projectioa  at  iti  ipringing,  without  any  (uppert  from 
below,  and  wai  afterward*  left  for  the  >ue  of  the 
painter.  It  wai  banded  together  with  iron  at  the 
■prinnng.  Exterior  to  the  brick  dome  (which  haa 
indeu,  nothing  immediately  to  do  with  the  sulqect) 
ta  a  cone  of  brickwork  BBt,  1  foot  6  Incbea  in 
Ihickneai,  plaatered  and  painted,  part  whereof  ia  aeen 
from  the  pBTement  under  the  cupola  through  the 
opening  a.  On  tliis  cone  BBi  is  lapported  the 
timber  work  which  carriei  the  external  dome,  whoae 
banmier  beamt  CC,  DD,  EE,  FF  an  lied  into  the 
corbel*  G,  H,  I,  K  with  iron  crampi,  which  are  well 
bedded  into  the  oorbala  with  lead,  and  bolted  to  the 
hammer  beam*.  The  ataira  whidi  lead  to  the  Golden 
Gallery  on  the  top  of  the  dome  are  carried  between 
the  truisea  of  the  rooC  The  dome  ia  boarded  from 
the  baae  upwards,  benee  the  riba  are  fixed  horinm- 
tally  at  near  diatanee*  to  each  other.  The  aoantling 
of  the  eurreriboT  tbe  tniM  ii  10  In.  by  11)  at  the 
bottom,  and  G  in.  by  6  at  the  top.      The  ndes  of  the 

dome   are   aegmenta   of  circle*,   whoae    centre*   are 

marked  in  the  figure  ;  and  which,  if  continued,  would  "«■  "■■ 

meet  at  top,  and  form  a  p<nnted  arch.  Abore  the  dome  rise*  a  lantern  of  Portland 
■tone,  about  31  feet  in  diameter,  and  G4feet  high,  standing  on  the  tioae.  Tbe  whole  of  thi* 
eonitructioo  ia  maniitat  from  the  figure,  which  exhibit*  the  Inner  and  outer  dome*  with  tbe 
cone  between  them.  The  oomUnation  ia  altogether  an  admirable  example  of  the  mathe- 
matical skill  and  Judgment  of  Sir  C.  Wren. 
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9050.  The  Urged  nxif  thmi  wu,  porii^M,  ner  «ie«ited,  ns  orer  >  riding-boiue  at 
Moaooir,  built  in  1 790,  b;  Paul  I.  E:ii^>«nir  of  RimU,  the  r«pre*nilation  vhcnof  may  be 
Men  in  Kimsft,  Stctnil  dt  Ckarpittt.  Tbe  ipui  is  !3£  feet,  and  tha  ilope  with  the  horiion 
■Iniit  19  degTM.  The  external  diiDenuani  of  the  buili^ug  were  I9S0fcet  long  bj  3IO 
feet  wide.  It  was  lighted  bj  a  luitcm  at  top,  and  had  aa  lAterior  galleiy  round  tbe  build- 
ing tor  spectaton.  The  oontriTance  ii  eieeMinglj  ingaiiau*;  bill,  ftiun  tbe  great  eatent 
of  the  ipan,  amsdenble  iettlcment  took  place,  and  altentiana,  or  ntber  ctrengthening 
rib*,  became  neoouij. 

30jl.  We  (hall  oIom  thi«  put  of  tbe  Motioo  with  ■  dUgmn  (y^.  TOa)  of  tbe  roof  of 


the  banliea  of  8.  P>olo  ftiori  le  mari,  executed  in  the  fifteenth  oaiturj.  Tbe  tmssce  ar* 
double,  eaofa  c<HuiMing  of  two  umiUr  tnaat,  nearl  j  1 5  inobei  apert,  at  intenali  ftom  acb 
other  of  about  lO  ftet  6  Incbe*.  The  priDcipel  raftera  abut  on  a  abort-king  post  k. 
Between  the  ttUMaa  a  pieoe  of  timber  S  it  placed  and  luituned  b;  a  itrong  kejr  of  wood 
paning  through  it  and  the  short  king-poets.  Thii  piece  sustains  the  beanu  by  means  of 
another  itrong  ke;  at  a.  Tlie  tie  bMOU  are  in  two  lengths,  and  seaifed  together,  tbe 
scarf  b«ag  held  together  by  three  inn  Miapa.  "Ilie  scantlings  of  the  timben  are  as 
follow  :  bwni  (,  III  in.  full  by  nearly  IS  io. ;  principal  rafters />,  31  j  in.  by  nearly  15  in. ; 
auxiliary  ratten  6.  hill  13|  in.  by  ftill  lS)in.  ;  straining  beam  C,  near  1 5  in.  by  fUll  1  ^ hl  ; 
purlines  d,  8)  in.  square  and  5  ft.  7  io.  ^lart ;  common  rafters,  full  5\  in.  by  4)  m..  snd  B^  in. 
apart.  The  root^  which  ia  constructed  irf'fir,  is  nearly  78  ft.  6  in.  span,  and  ii  covered  with 
the  Roman  tile,  the  exact  dimenuons  and  form  whereof  will  be  found,  under  the  head  TiiAin 
the  Glossary  appended  to  this  work.  Tbe  roof  is  ingeniously  and  well  eontrived,  and,  with 
a  different  eovering,  would  suit  other  climates.  It  was  consumed  by  fire  about  two  oi 
three  and  twenty  year*  ago.  (875.) 

Fhilibert  Deloime.  in  bi*  work  entitled  "  NouBilla  InvenAmi  ^oar  Hen  Mtb-  a  pttxU 
Fnai,"  Paris,  1561,  gives  a  mode  of  constructing  domes  without  borisontal  eroaa  ties,  when 
the  springing  of  each  rib  is  well  secured  at  the  foot      It  is  a  very  simple  method,  and  of 
great  use  in  domes,  even  uf  large  diameter,  the  piineiple  being  that  of  miking  the  seierat 
ribs  in  two  or  more  thicknesses,  which  are  cut  to 
the  curve  in  lengths  not  so  great  ss  to  weaken  the 
timber,  and  securing  these  well  together  by  bolti 
or  keys,  snd  observing  especislly  to  brtai  the  joints      , 
of  the  several  thlckoCTsM.      This  method  wis  adopted 
in  the  large  Halle  aux  bledi  at  Paris,  which  was 
many  years  unce  destroyed  by  fire,  and  hag  been  re-   fi 
placed  by  an  iron-ribbed  dome.     The  Jig.  701.  will     I 
explain  the  construction ;  and,  if  neoesasry,  an  iroa 
boop  passed  round  at  dlflWent  bright*  will  add  much  to  6>t  strength. 
S058-  The  aeantlings  of  the  ribs,  as  given  by  Delonne,  ate  a*  under  :  — 

For  docwi  of    34  feet  diameter,  the  ribs  to  be    B  in.  deep,  and  1  in.  thick. 

36  feet  diameter,  —  10  in.  deep,  and  11  in.  thick. 

GO  fbet  diameter,  —  IS  in.  deep,  and  3  uL  thick. 

90  feet  diameter,  —  1 3  in.  deep,  and  SI  in.  thick. 

108  feet  diameter.  —  1 3  in.  deep,  and  3  m.  thick. 

Tbe  work  of  the  author  from  which  we  have  given  this  short  and  summary  account 
deserves  tbe  study  of  every  one  that  seeks  to  be  an  architect,  though  in  th«e  unfortunate 
days  tor  the  art  the  reward  of  study  and  reading  is  very  doubtful ;  patnmage  being  of 
much  more  importance  to  tbe  professor  than  a  profound  knowledge  of  construction  and 

SOS3.  The  Ibllowing  instructions  relative  to  the  lines  necessary  (o  be  found  in  the 
ftmming  of  roa&  are  from  Francis  Price's  Briti^  Carpenter ;  and  though  published 
long  sinee,  now  nearly  100  years,  we  have  not  found  that  any  subsequent  work  on  this 
psrticulac  point  gives  us  more  information  than  is  to  be  there  found.      Let  abed  [fig.  709.) 
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be  a  plan  to  be  inclosed  with 
a  hipped  roof,  whose  height 
or  slope  is  Cb.  Divide  the 
plan  lengthwise  into  two 
equal  parts  by  the  line  tf^ 
which  produce  indefinitely 
at  both  ends.  Make  ag 
equal  eo,  and  dJk   equal  to 

df  i   and  through  k  and  g^    c^ ^ 

parallel  to  a6  or  cd,  draw 

lines     indefinitely    mo,    Ip, 

With  the  distance  dc  or  Cc, 

either  of  which  is  equal  to 

the  length  of  the  common 

rafters,  set  off  ge,  as  also  from 

A  to  /»,  from  t  to  o,  and  from 

/to  n ;  from  ifcto  m,  and  from 

y  to  /L  Make  U  equal  to  Cb, 

and  ab  equal  to  to,  which 

points  join ;  then  either  aC  or  a«  represents  the  length  of  the  hip  rafter,  and  joining  the 

several  lines  096,  hpoc^  end,  and  dndoj  they  will  be  the  skirU  of  the  roof. 

2054.  To  find  the  back  of  the  hip.  Join  pe,  and  from  r  as  a  centre  describe  an  are 
touching  the  hip  as,  and  cutting  aiin  u.  Then  join  gu  and  ue,  and  gtie  is  the  back  of  the 
hip  rafter  required. 

2055.  Fig,  709.  representSj  in  abed,  the  plan  of  a  building  whose  sides  are  bevel  to  each 
other.  Having  drawn  the 
central  line  ef  indefinitely, 
bisect  the  angle  rag  by  the 
line  ae,  meeting  ef  in  e. 
From  e  make  eg  equal  to  re, 
and  rg  perpendicular  to  ea ; 
then,  if  e  a  be  made  equal 
to  eo,  ra  or  aq,  it  will  be  the 
length  of  the  hip  rafter  from 
the  angle  a.  Tbrough  e 
and  f,  perpendicular  to  the 
sides  tBf,  ea,  draw  the  lines 
np,  mq  indefinitely ;  and  from 
a,  as  a  centre  with  the  radius 
aq,  describe  an  arc  of  a  cir- 
cle, cutting  mq  in  q,  and  tr 
(perpendicular  to  fta)  pro- 
duced in  /.  By  the  same 
kind  of  operation  oe  will  be 
found,  as  also  the  other  parts  of  the  slurts  of  the  roo£  The  lines  nt,  tjv,  and  ep  are  intro- 
duced merely  to  show  the  trouble  that  occurs  when  the  beams  are  lud  bevel.  The  angle  of 
the  back  of  the  hip  rafter,  rwg,  is  found  as  before,  by  means  of  u  as  a  centre^  and  an  arc  of  a 
circle  touching  aq.     The  backs  of  the  other  hips  may  be  found  in  the  same  manner. 

2056.  Fig.  704.,  from  Price's  CarpetUrg,  b  the  plan  of  a  house  with  the  method  of  placing 
the  timbers  for  the  roof  with  the  upper  part  of  the  elevation  above,  which,  after  a  perusal  of 
the  preceding  pages,  cannot  foil  of  being  understood.  The  plan  F  is  to  be  prepared  for  a 
roof,  either  with  hips  and  vallies,  or  with  hips  only.  The  open  spaces  at  G  and  U  are 
over  the  staircases :  in  case  they  cannot  be  lighted  from  the  sides,  they  may  be  left  to  be 
finished  at  discretion.  The  chimney  flues  are  shown  at  IKLMNO.  Then,  having  laid 
down  the  places  of  the  openings,  place  the  timbers  so  as  to  lie  on  the  piers,  and  as  for  as 
possible  fit>m  the  flues ;  and  let  them  be  so  connected  together  as  to  embrace  every  part  of 
the  plan,  and  not  liable  to  be  separated  by  the  weight  and  thrust  of  the  roo£  P  is  a 
trussed  timber  partition,  to  discharge  the  weight  of  the  roof  over  a  salon  below. 

2057.  Q,  is  the  upper  part  of  the  front,  and  R  a  pediment,  over  the  small  break,  whose 
height  gives  that  of  the  blank  pedestal  or  parapet  S.  Suppose  T  to  represent  one  half  of 
the  roof  coming  to  a  point  or  ridge,  so  as  to  span  the  whole  at  once,  **  which,"  as  Price 
truly  observes,  ''was  the  good  old  way,  as  we  are  shown  by  Serlio»  Palladio,**  &c.,  or 
suppose  the  roof  to  be  as  the  other  side  U  shows  it,  so  as  to  have  a  flat  or  sky-light  over  the 
lobby  F,  its  balustrade  being  W;  or  we  may  suppose  X  to  represent  the  roof  as  spanning  the 
whole  at  three  times.  If  X  be  used,  the  valley  and  hip  should  be  framed  as  at  Y ;  if  as  T, 
the  principal  rafters  must  be  framed  as  at  Z,  in  order  to  bring  part  of  the  weight  of  the  roof 
and  covering  on  the  partition  walls.     The  remainder  needs  not  further  explanation. 
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5058.  We  shall  now  proceed  to  the  method  of  forming  the  ribs  Ibr  groined  arches, 
mches,  &c.  The  method  of  finding  the  shape  of  these  is  the  same, 
whether  for  sustaining  postering  or  supporting  the  boarding  of 
centres  for  brick  or  stone  work,  except  that,  for  plaster,  the  inner 
edge  of  the  rib  is  cut  to  the  form,  and,  in  centering,  the  outer 
edge.  Groins,  as  we  have  already  seen,  may  be  of  equal  or  un- 
equal height,  and  in  either  case  the  angle  rib  may  be  straight 
or  curred ;  and  these  conditions  produce  the  varieties  we  are 
about  to  consider. 

5059.  To  cfetcrAe  the  partt  of  a  grcin  when  the  arches  are  ctr- 
cular  and  of  unequal  height,  couuiundy  called  Welsh  Gboins.  We 
here  suppose  the  groin  to  be  right-angled.  Let  AB  (yS^.  705.) 
be  the  width  of  the  greater  arch.  Draw  BD  at  right  angles  to 
AB,  and  in  the  straight  line  BD  make  CD  equal  to  the  width 
of  the  lesser  arch.  Draw  DF  and  CE  perpendicular  to  BD  and 
£F  parallel  to  BD.  On  AB  describe  the  semicircle  B^AiA,  and 
on  £P  describe  the  semicircle  E^roF.  Produce  AB  to  /h  and 
F£  to  m,  cutting  Ap  in  y.     Through  the  centre  x  of  the  semi-  "ic-  706. 
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circle  EfnFdnvb  perpendicular  to  BD,  auttins  the  circumference  of  tbe  seiiiiclrcla  in  t. 
Draw  lip  puolld  to  BD.  Prom  (he  centre  y,  with  the  diitauce  ]/p,  deiciibe  the  quadrant 
pm.  Draw  mi  parallel  Id  AB,  cutting  the  Kmicirele  dewiiibed  upon  AB  in  the  point  i. 
la  tbe  am  Bi  take  an;  number  of  intennediats  p<nnts  g.  A,  and  through  the  pointi  g/u 
draw  itt  hu,  gVt  parallel  to  BC  Also  through  tbe  p<nnta  ghi  draw  gkt  hi,  im  parallel  %a 
A  B,  cutting  FE  produced  in  k  and  L  From  the  centre  y  dcacribe  tbe  area  Im,  h,  cut- 
ting AB  produced  in  mo.  Draw  nq,  or,  parallel  to  BD,  cutting  the  lener  semicircular 
arc  in  tbe  p<»nti  ;,  r.  Through  the  point*  q,  r,  i  draw  gg,  ra,  it  parallel  to  AB ;  then 
through  the  pointi  ttoj  draw  the  eurre  tttrte^  which  viU  be  tbe  plan  of  the  interaectton 
of  the  two  cylinder!.  The  other  end  of  the  figure  exhibits  tbe  oonctruction  of  the  framing 
of  carpentrji  and  the  method  in  which  the  ribs  are  disposed. 

2060.   To  describe  the  ndei  of  a  grcnn  when  tbe  arcbea  are  of  equal  height  and  detignad 
to  meet  in  the  plane  of  the  diagonals.     Let  of  and  <rf  ijig-  706.) 
be  the  aiea  of  the  two  Taulti,  meeting  each  other  in  a,  perpen- 
diculor  to  af.      Draw  AB  cutting  of  m  ir,  and  perpendicular  to    { 
at,  draw  BG  cutting  a/  in  i.      Make  leA  and  vB  e«cb  equal  ' 
half  the  width  of  the  greateit  Tsult,  and  make  AB  and  bG  ea 
equal  to  half  the  width  of  the  lener  vault.      Draw  AH  and  £ 
parallel  to  af,  and  draw  BH  and  DF  parallel  to  a],  forming  the    ' 
parallelogram  DEUF,      Draw  the  diagonali  HD,  F£.      On  the 
base  AB  describe  the  ourre  Br&/A,  Bccording  to  the  given  height 
v/' of  the  requited  form,  which  must  serve  to  r^ulUe  the  form 
<^  the  otbei  ribs.      Througb  snj  pmnts  ob  in  tbe  arc  BeJefA 
draw  tbe  straigbt  lines  ej,  ifr,  u  cutting  the  diagonal  HDat^.r,  t. 
Draw  ^ri,  ih  parallel  to  al  cntting  the  chord  BG  at  the  points 
X,  y,  c,  h.     Make  tA,  yi,  nh,  In  eaeb  respeotiTel;  equal  to  tc.  ad, 
M,  nf,   and  through  tbe  pinnts   GAiU  to  B,  draw   the    curve 
GiUUB.      Draw  qm,  m,  w,  oji  perpendicular  to  HD.       Make 
JM,  ni,  ID,  op  respectiietv  equal  to  tc,  ud,  f,  wf,  and  through  tbe 
points  D,  n,  ■,  0,  p,  H  dtaw  a  curve,  which  -nil  be  the  angle  rib 
of  the  gioin  to  stand  oicrHD)  and  if  the  groined  vault  be  right- 
angled,  all  tbe  diagonals  will  be  equal,  and  consequently  all  tbe  m.  tm. 
diagonal  ribs  nuy  be  made  by  a  ungle  mould. 

S06I.  The  upper  put  of  the  above  figure  shows  the  method  of  placing  the  ribs  in  tbe  con- 
itruetion  of  a  groined  ceiling  for  plaster. 
Every  pur  of  opponte  piers  is  spanned 
by  a  principal  rib  to  Sx  tbe  jinsts  of  the 
ceiling  to. 

S063.  The  preoediog  method 
alwns  adopted,  and  another  is  bod 
empUned  in  whieb  the  diagonal  ribs 


a063.  The  manner  of  finding  the  sec- 
tion of  an  aperture  of  a  given  height  cut- 
ting a  given  arch  at  right  angUa  of  a 
greater  hngbt  than  tbe  aperture  is  repre- 
sented in  fig.  706. 

S064.  When  the  angle  ribs  for  a  square 
dome  are  to  be  fbun£  tbe  ptoceas  is  tbe 
Mma  aatcat  groin  fbrmed  by  equal  arches 
eroMug  each  other  at  right  anglea,  the 
J<^ti  fbr  tbe  laths  being  inaerted  as  in 
JIg.lOl.;  but  tbe  general  eonstmction  for 
tbe  angle  ribs  of  a  polygonal  dome  of  any 
ndea  is  the  same  as  to  determine  the  angle  rib  tor  a 
cove,  which  will  afterwards  be  given. 

9065.  When  a  eirculai-headnl  window  is  above  tbe 
level  of  a  plane  gallery  ceiling,  in  a  church  fbr  example, 
tbe  cylindrical  torm  of  the  window  is  continued  tiU  it 
intersects  the  plane  of  the  ceiling.  To  find  the  fai 
of  tbe  curb  at  pieces  of  wood  employed  for  completing 
the  arris,  let  i^i  <;!;.  709. )  be  tbe  brcadtb  of  tbe  window 
in  tbe  plane  of  the  ceUing.  Bisect  tte  in  A,  and  draw  A4 
perpendicular  to  ^p.  Make  A4  equal  to  tbe  distance  the 
curb  extends  from  tbe  walL     Produce  4A  to  B.     Make 


/<^ 

^ 

[\ 

m 
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JIB  equal  to  the  height  of  the  vindoir  (bora  the  ceiling,  and  through    tba   three  pmnt* 

d,  B,  p  dcKTibe  tlie  Kmicinle  ABC  fbr  the  hewl  of  the  window.      Divide  AB  into  any 

numlKr  of  equal  parta,  as  4  at  the  pointi  k,l,e;  and  hi  into  tba  aame  number  of  equal 

parti  at  the  pointi  1 ,  3,  3.     Through  the  poiuta  Ub  draw  the  linei  «1,  fu,  gte  parallel  to  ify,  and 

through  the  pointi  1,  S,  3  draw  the  lines  mg,  ar,  M.      Make  1m,  3a,  3a  reipectlvely  equal 

to  la,lf,vg;  as  also  I  g,  Sr,  Sa  equal  to  jU, 

Jh,  ris ;  that  is,  equal  to  kt.  If,  vg.    Then 

through    the   points    dnj>i>4,    and  also 

through  pqrti,  draw  a  curve  whieh  will 

fbrm  thecurb  required.    la  the  section  X 

of  the  figure,  A  C  showi  the  ceiling  line, 

whereof  the  length  ig  equal  to  A4,  and 

AB  U  the  perpendicular  height  of  the 

window ;  henee  BC  is  the  slope. 

306S.  The  ooDitnistion  of  a  niche, 
whieh  is  s  portico  of  a  spherical  lur&ce, 
and  stands  on  a  plan  formed  by  the  seg- 
meot  of  a  circle,  is  umple  enough  ;  to* 
the  libs  of  a  niche  are  all  of  the  same 
curvature  as  the  plan,  and  fixed  {fig. 

710.)  in  planes  passing  through  an  aiia  ne^iiL. 

corresponding  to  the  centre  of  the  sphere 
and  perpendicular  to  the  plane  i^  the 
walL      If  the  plan  of  the   niche  be  a  '^''"' 

eemiclrcle  {fig.  T 1 1 . )  the  ribs  may  be  disposed  In  vertieal  planes. 

S06T.  In  the  construction  of  a  niche  where  the  riba  are  disposed  in  planes  perpendieular 
to  the  horizon  or  plan,  and  perpendicular  10  the  face  of  the  wall,  if  the  niches  be  apbcrical 
oil  their  ribs  are  sections  of  the  sphere,  and  are  porUona  of  the  circumferences  of  different 
eirclea.  If  we  complete  the  whole 
circle  of  the  p1an(jfjr.T13.),  and  pro- 
duce the  plan  of  any  rib  to  the  oppoaile 
ude  of  the  eueumferenee,  we  iball 
have  the  diameter  of  the  circle  for 
that  rib,  and,  consequently,  the  radiui 
to  deactibe  It. 

3068.  Of  forming  Iht  boanb  ta 
coner  <fMK(,  jroim,  J-c.  Tba  prln- 
ciplea  of  determining  the  derelope- 
ment  of  the  surface  of  any  regular 
solid  have  already  been  given  in 
considerable  detail.  In  this  place  we 
have  to  apply  them  practically  to 
earpentiy.  The  boards  may  be  ap- 
plied either  in  the  form  of  gorea  or  in 
portions  of  conic  sur&ces  ;  the  latter  ^  ,„ 
is  generally  the  more  economical  method. 

3069.  Tb  dacribt  a  gon  that  i/iaB  bt  the  form  of  a  board  far  a  dom. 
Draw  the  plan  of  the  dome  ABD  (fip.  713.),  and  its  diameter  BD 
pendicuUr  thereto.      If  the  sections  of  the  dime  about  to  be  dcscril 
then  the  curve  of  the  vertical  section  will  coincide  with  that  of  the  pi 
the  quadrant  AB  to  be  half  of  the  vertical  section,  which  may 
be  conceived  to  be  raised  on  the  line  At  as  its  base,  so  as  to  be 
in  a  vertical  plane,  then  the  arc  AB  will  come  into  the  aur- 
£iee  of  the  dome.     Make  Ai  equal  to  half  the  width  of  a  board 


_  inri.    Divide  tl        

and  through  the  points  of  divii 
cutting  Ac  in  the  points  yj*  an 
the  liiie  eA  to  i,  and  apply  the  i 
In  the  straight  line  As.  Throi 
Mraight  lines  hi,  tip,  m-,  and  mak'e 


I  any  number  of  equal  psrta. 
draw  the  lines  li,  ^',  3^  41. 
in  the  points  ^it  Produee 
Al ,  1  g,  S3,  34  to  An,  na,  ag 
the  pinnta  iwu;  draw  the 


respectively  equal  to  ri.fj,  gt;  then  through  the  points  inpr  to 
I,  and  also  through  the  points  itw>  to  i,  draw  two  curves  Ihini 
the  points  i  and  i  so  as  to  meet  each  other  in  i ;  and  the  curves 
thus  drawn  will  include  one  of  the  gores  oT  the  dome,  which  will 
be  a  mould  ibt  drawing  the  boards  fbr  covering  the  surface. 

207a   In  polygonal  domes  the  curves  of  the  gore  will  bound 
the  ends  of  the  boards ;  as,  for  example,  in  the  beiagonal  dome 
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(Jiff.  714.)>  the  plan  being  ABCDEFOH.  Let  t  be  the  centre  of  the  circle  in  which  the 
hexagon  may  be  inscribed.  Draw  the  half  diagonal  « A,  t'B,  tC  perpendicular  to  any  side 
AB  of  the  plan.  Draw  the  straight  line  ih,  cutting  AB  in  A.  Let  hbnZ  be  the  outline  of 
one  of  the  ribs  of  the  dome,  which  is  here  supposed  to  be  the  quadrant  of  a  circle.  Divide 
the  arc  AZ  into  any  number  of  equal  parts  from  h  at  the  points  hnttf  and  through  these 
points  draw  Ix,  mjf,  nz^  cutting  Bt  at  the  points  xyz,  and  ih  at  the  points  1,  3,  3.  Extend 
the  arcs  hi,  Im,  mn,  on  the  line  An,  from 
A  to  o,  from  c  to  p,  frt>m  p  to  q,  and 
through  the  points  opq  draw  the  straight 
lines  r«,««,ifw  perpendicular  to  Alt.  Mike 
OM,  /w,  fw,  as  also  or,  ps,  qt,  respectively 
equal  to  Ix,  2y,  3x;  then  through  the 
points  Arat  draw  a  curve,  and  through 
the  points  uvw  draw  another  curve, 
meeting  the  former  one  in  the  point  n. 
Thus  will  be  formed  the  gore  or  cover- 
ing of  one  side  of  the  hexagonal  dome. 

2071.  When  the  plan  of  the  base  is 
a  rectangle,  as  'Jiff.  715.,  draw  the  plan 
ABCD  and  the  diagonals  AC  and  BD, 
cutting  each  other  in  E.  Through  E 
draw  EI  perpendicular  to  AB  cutting 

AB  in  F,  and  through  £  draw  EJ  per-       ^  Fi«.7i5. 

pendicular  to  BC,  cutting  BC  in  G.  Let  the  height  of  the  dome  be  equal  to  half  its 
breadth,  and  the  section  over  the  straight  line  EF  a  quadrant  of  a  circle ;  then  fit>m  the 
centre  E  describe  the  arc  FH,  its  base  being  EF,  and  with  the  straight  line  EG  as  half 
the  nugor  axis  of  an  ellipsis,  and  EF  the  minor  axis,  describe  the  quadrant  GF  of  an  ellipsis. 
Produce  EF  to  I,  and  EG  to  J.  Divide  the  arc  of  a  quadrant  FH  from  F  into  any 
number  of  equal  parts,  and  extend  the  parts  on  the  line  FI  to  A&n,  through  which  draw 
the  lines  kq^  Ir,  ms,  &c.  perpendicular  to  FI.  Through  the  points  1,  2,  S,  &c.  draw  wt,  xu, 
yv,  &c.,  cutting  A£  at  «r,x,y,  and  FE  at  t,u,v.  Make  AV,  Fo',  m'p\  also  kq,  h,  nw,  respec- 
tively equal  to  tw,  icr,  vy,  and  through  the  points  n'op'  draw  a  curve,  also  through  the 
points  qr$  draw  another  curve  meeting  the  former  in  I ;  then  these  two  curves  with  the 
line  AB  will  form  the  ^ne 
or  boundary  of  the  build- 
ing of  two  sides  of  the 
dome.  Also  in  the  ellip- 
tical arc  GF,  take  any 
number  of  points  1,  2,  3, 
and  draw  the  lines  Iv/,  2x\ 
Sy\  parallel  to  BC,  cutting 
EC  in  the  points  ufx'y\ 
and  G£  in  the  points  t\  u', 
rf.  Extend  the  arcs  Gl, 
12,  23  from  GA',  k'l\Vm\ 
upon  the  straight  line  GJ, 
and  through  the  points 
KVtiC  draw  the  lines  »V* 
ii*/,  pV.     Make  AV,  Vo',  ^^  "«• 

my,  also  Ay,  f /,  m'«'  respectively  equal  to  llwf,  u'x\  vy',  and  through  the  points  Bn'o'p' 
draw  the  curve  BJ,  and  through  the  points  CqVs'  draw  the  curve  CJ ;  then  BJC  will  be 
the  gure  required,  to  which  the  boards  for  the  other  two  sides  of 
the  dome  must  be  formed. 

2072.  A  general  method  of  describing  the  board  or  half  gore 
of  any  polygonal  or  circular  dome  is  diown  in  ftg.  716.  Let 
DE  be  half  either  of  the  breadth  of  a  board  or  of  one  of  the 
sides  of  a  polygon,  £  F  the  perpendicular  drawn  from  the  centre. 
Draw  the  straight  line  AB  parallel  to  EF,  and  draw  EA  and 
FB  perpendicular  to  EF;  then  upon  the  base  AB  describe  the 
rib  AC  of  the  vertical  section  of  the  dome.  Divide  the  curve 
AC  into  the  equidistant  arcs  Al,  12,  23,  and  through  the  points 
of  division  draw  the  lines  1y,  2A,  3»  perpendicular  to  AB  cutting 
£  F  at  ffhi  and  D  F  at  Mm.  Produce  F£  to  V  and  extend  the  arcs 
Al,  12,  23  upon  the  straight  line  EV  fit>m  E  successively  to 
the  points  cpq.  Through  the  points  op9  draw  the  lines  or,  p$, 
qt  parallel  to  ED.  Make  or,  p9,  o<  respectively  equal  to  ffk, 
hi,  im  i  then  through  the  points  rst  draw  a  curve,  and  DEV  will 
be  the  half  arc  or  half  mould  of  the  boarding. 
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9073.  To  cooer  a  kemimherical  dome  b^  boarda  nundded  to  portiona  of  oonic  narfacn.  Draw 
a  vertioal  section  of  the  dome  ABC  (Jig»  717.)  and  divide  the  circumference  into  equal  arcs 
Cd,  <&)  ef.  Through  the  centre  E  draw  EB  perpendicular  to  AC.  Draw  the  chords  Cd^ 
de,  ^  and  produce  all  these  chords  till  they  meet  the  line  £B,  which  they  will  produced  in  a 
oonToiient  space ;  but  those  chords  that  are  next  to  the  bottom  AC  will  require  a  distance 
too  remote  from  AC ;  and  for  the  present  confining  our  attenticm  to  those  cords  which,  when 
produced,  would  meet  the  line  EB  at  a  convenient  distance  from  AC,  let  ^  meet  the  axis 
£B  produced  in y,  and  from  the  point  jr  as  a  centre  with  the  distances^  and jj/* describe  the 
arcs  eA  and  ft.  Then  efih  is  the  form  of  the  board,  so  that  its  breadth  is 
everywhere  comprehended  between  the  two  concentric  circles  eA  and  fi,  and 
when  the  boards  are  bent  their  edges  &11  on  horiiontal  planes. 

5074.  We  will  here  shortly  repeat  a  method  which  has  previously  been 
given  of  describing  an  arc  of  a  circle  independent  of  its  centre,  as  connected 
with  this  part  of  &e  subject,  and  useful  in  cutting  out  the  boards  of  a  dome 
where  the  centre  is  inaccessible  or  too  distant  for  convenience.  Let  AB 
{Jiff,  718.)  be  the  cord  of  the  arc  and  CD  its  height  in  the  middle.  In  this 
case  AB  will  be  bisected  at  C  by  the  perpendicular  CD.  Draw  the  half  chord 
AD,  and  perpendicular  thereto  draw  AE,  and  through  the  point  D  draw 
£F  parallel  to  AB ;  also  draw  AG  and  BH  perpendicular  to  the  chord  AB 
cutting  EF  in  the  points  G  and  H.  Divide  AC  and  ED  each  into  the  same 
numbw  of  equal  parts,  and  draw  lines  through  the  corresponding  points  of 
division ;  these  lines  will  converge,  and  if  produced  with  the  lines  E A  and 
FB,  would  all  meet  in  one  point.  Divide  A'G  into  the  same  number  of 
equal  parts  as  the  lines  AC,  ED,  and  frt>m  the  points  of  division  draw  lines 
to  the  point  D  to  intersect  the  former.  A  curve  drawn  through  the  points 
of  intersection  will  form  the  arc  of  a  circle.  The  other  part  DB  is  found  in 
the  same  manner ;  and  this  is  a  convenient  method,  because  any  portion  of  a 
circle  may  be  described  within  the  width  of  a  board. 

5075.  To  find  the  relation  1>etween  the  height  and  the  chord  of  the  aiv. 
&c.  (Jiff.  719.)  be  the  middle  points  of  the  boards 
in  the  arc,  and  fixmi  a  draw  a  line  parallel  to  the 
base  to  meet  the  opposite  curve;  also  from  these 
points  draw  lines  to  the  opposite  extremity  of  the 
base ;  then  each  parallel  is  the  base,  as  /a,  and  the 
distances  eg  intersected  between  it,  and  tiie  point 
where  the  oblique  line  from  its  extremity  cuts  the 
middle  vertical  is  the  height  of  the  segment. 

2076.  It  is,  however,  more  convenient  to  describe 
the  curvature  of  the  board  by  a  continued  motion, 
which  may  be  done  as  follows.  Let  AB  (fig.  720.) 
be  the  chord  of  the  arc.  Bisect  AB  at  C  by  the 
perpendicular  CD,  and  make  CD  equal  to  the  height 

of  the  segment.  Draw  DE  parallel  to  AB,  and  make  DE  a  little  larger  than 
AD ;  then  form  an  instrument  ADE  with  laths  or  slips  of  wood,  and  make  it 
fiut  by  a  cross  slip  of  wood  GH.  By  moving  the  whole  instrument,  so  that  the 
two  edges  DA  and  DE  may  slide  on  two  pins  A  and  D,  the  angular  point  D  of 
the  instrument  wiU  describe  the  segment  of  a  circle,  and  if  the  pin  be  taken  out 
of  A  and  put  in  the  point  B,  the  o£her  portion  DB  of  the  segment  ADB  will  be 
described  in  the  same  manner. 

9077.  The  covering  of  an  elliptical 
dome  is  formed  by  considering  each 
part  a  portion  of  the  surfiuse  of  a  cone. 
ABC  (>2^.781.)  is  a  vertical  section 
through  ihe  greater  axis  of  the  base ; 
the  other  vertical  section  through  the 
axis  at  right  angles  being  a  semicircle  ; 
the  joints  of  the  boards  therefore  fall  in 
the  circumference  of  vertical  circles. 

9078.  In  the  same  manner  the  cover-  rig.  nt. 

ing  of  an  annular  vault  whose  section  is  semicircular  is  found,  being  on  the  same  principlos 
as  now  shown  for  a  horixontal  dome,  which  will  be  evident  from  an  inspection  of  Jig.  729. 


H.1 


o 


Fig.  719. 


Fiff.  780. 


Fif.  781. 


BRACKXTINO. 


2079.  The  pieces  of  wood  which  sustain  the  laths  of  cornices,  coves,  and  the  like,  are 
called  6racAe(«,  and  they  take  in  form  the  general  outlines  as  nearly  as  possible  of  the  forms 
to  which  they  are  to  be  finished. 


Cup.  III. 


PRACTICAL  CARPENTRY. 


808a  A  comiee  bratktt  (/my  farm  f«i«p  givtn,  to  nu^ 
ikall  kate  tht  taau  proportiow  in  aU  iU  parts.  Let 
ABCDEF  ifis/.  7S3.)  be  tba  gireo  bracket.  Draw 
liiMs  from  the  (ngutar  paints  CDE,  uid  let  A&  be  (be 
ptoJeeUoD  of  the  required  bracket.  The  lino  AC,  AD, 
A£,  being  draim,  draw  be  parallel  to  the  edge  BC.  cut- 
ting AC  in  e;  draw  ed  parallel  to  CD,  cutting  AD 
in  d.  Dnw  di  parallel  to  D£,  cutting  AE  in  e,  uid 
draw  tf  puraUel  to  EF,  cutting  AF  in  /.  Then  Abcdrf 
it  the  bracket  required. 

808L  Ih  form  an  aHfk  bracitl  (a  n^ort  Iht  platUriiig 
Hf  a  molded  conice.  Let  Jig.  794.  X  be  the  pUn  of  Ibe 
bncket  Draw  the  itnight  line  AE  equal  to  the  pn>- 
jeetion  ab  of  the  bracket  oa  the  plao  X,  and  Aa  per- 
pendieulu  to  AE,  to  which  make  it  equal.  Join  Eo, 
and  OD  AEdeKiibetbegiTenlarmAFGUIKLEof  the 
bracket  which  itandi  perpendicular  to  the  line  of  nm- 
ttnme  of  the  wall  and  tbe  oeiliog.  From  the  angular 
pinnls  FGHIKL,  draw  tbe  lines  Fa,  Gb,  Ic,  He,  Kd, 
14  cutting  AE  in  the  point*  BCD,  and  aE  in  the  pointi 
a,b,t,d.  Draw  of,  bg,  a,  di,  peii>endicular  to  aE.  Make 
of,  ig,  ek,  a,  di,  dl,  each  reflectively  equal  to  AF,  BG, 
CH,  CI,  DL,  DK.  Join  fy,  gh,  ii,  U,  U,  IE.  Then 
t^pkiUt  a  the  angle  bracket 
required. 

An  angle  bracket 
nw  a  core  (fig.  725.)  may  be 
described  in  exactly  the  a 


prf^Jectioni,  the 
method  of  deaciibingthe  angleoneiaihown  in  J^.  726.  Let 
AB,  BC  be  the  wall  lines.  Draw  any  line  GD  perpen- 
dicular to  AB  and  HF  perpendicular  to  BC.  Make  GD 
•qual  to  the  projection  of  tbe  bracket  from  Che  wall  tepie- 
•ented  by  the  line  AB,  and  nuke  HF  equal  to  tbe  pro- 
jection Of  the  bracket  from  the  wall  represented  b;  BQ 
Then,  as  one  of  the  brackets  must  be  given,  we  ihaJl  sup- 
pose tbe  bracket  GAD  described  upon  GD.  Draw  DE 
parallel  to  AB,  and  FE  parallel  to  BC,  and  join  BE.  In 
the  curra  AD  take  any  number  of  paints  Q,  8,  and  draw  QP, 
SR  cutting  GD  in  P.  B  and  BE  in  ^  r.  From  the  points 
p,  r  draw  the  lines  pq,  rt  parallel  to  BC,  cutting  HF  in 
the  p<unta  p,  r.  Dnw  pq,  rt  pcrpeTidioular  to  BE*  Make 
pq,  n  also  pq,  ri  respectiTely  equal  to  FQ,  RS,  &c.  Ba 
and  HC  equal  to  GA,  then  through  tbe  pointi  aqi,  &c 
dnw  a  curre  which  forms  the  bracket  for  the  angle.  Also 
thiongb  the  points  C,  q,  $  dnw  another  curve,  and  this 
will  form  the  cove  bracket. 

S084.  The  angle  bruket  of  a  cornice  or  cove  may  be 
fbrmwl  by  tbe  method  ihown  in  X  and  Y  (fig.  TS7.), 
whether  the  angle  of  the  room  or  apartment  be  acute  or 
obtuse,  eitemal  or  intanaL  Let  ABC  be  the  angle. 
Bisect  it  by  the  line  BE.  Dnw  GF  perpendicular  to 
BC,  and  make  GF  equal  to  (he  projection  of  the  bracket, 
GC  equal  to  its  height,  and  FC  tbe  curve  of  the  given 
bracket  or  rib.  In  the  curve  FC,  take  any  number  of 
(xnnts  FQ,  and  parallel  to  BC  draw  the  lines  Fr,  Oi,  cut- 
ting  BE  in  the  points  r,  s,  and  GF  in  the  points  R,  S. 
Dnw  rp,  tq  perpendicular  to  BE,  and  make  the  ordinates 
rp,  tq  respectivdy  equal  to  rp,  tq.  and  through  all  tbe 
points  H,  drew  a  curve,  wbich  will  be  the  bracket  as 
required. 

3065.  When  (he  angle  is  a  right  angle,  it  may  be  drawn 
■s  at  j^.  738.,  which  is  an  ornamental  bncket  for  the  string 
of  a  stwr,  and  traced  in  the  same  manner  as  that  on  a  right- 
angled  triani^. 


5ED 
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SOS  6.  In  coved  ceilings,  the  coves  meeting  at  an  angle  are  of  different 
plan  of  the  angle  is  a  curve  to  construct  the  brackets.  Let 
ABC  (^jjT.  729. )  represent  the  angle  formed  by  the  walls  of  the 
room,  and  let  Bdefp  be  the  plan  of  the  bracket  in  the  angle 
of  a  curvilinear  form.  Draw  HM,  and  thereon  describe  the 
bracket  HOPQ  intended  for  that  side,  and  in  the  curve  HOQ 
take  any  number  of  points  NOP,  and  draw  the  lines  NR,  OS» 
PT  perpendicular  to  AB,  cutting  it  in  the  points  R,  S»  T. 
Let  MQ,  be  the  height  of  the  bracket,  and  draw  QA  perpotdi- 
cular  to  BA,  and  through  the  points  NOPQ,  draw  the  straight 
lines  N</,  Oe,  P/  cutting  HM  at  IKLM.  Draw  Am  perpendi- 
cular to  BC.  Make  kr,  hs,  ht,  ha  respectively  equal  to  HR, 
HS,  HT,  HA,  and  draw  rHf§o,tp,aq  perpendicular  to  BC ; 
also  from  the  points  drfg  draw  the  lines  dk,  ao,  fji^,  gq,  and 
through  the  points  hnopq  draw  a  curve,  which  will  form  the 
other  bracket  required. 

2067.  Whether  brackets  occur  in  external  or  internal  angles, 
the  method  of  describing  them  is  the  same,  and  when  the 
brackets  from  the  two  a4)acent  walla  have  the  same  projection, 
one  of  them  must  be  given  to  find  the  angle  bracket  When 
the  brackets  from  these  walls  have  unequal  but  given  projections, 
then  the  form  of  one  of  the  brackets  must  be  given  in  form  to 
find  the  angle  bracket 

2088.  To  form  a  bnuketfor  a  moulded  cornice.  On  the  draw- 
ing of  such  cornice,  draw  straight  lines,  so  as  to  leave  sufficient 
thickness  for  the  lath  and  plaster,  which  should  in  no  case  be 
less  than  three-fourths  of  an  inch.  Thus  the  general  form  of 
the  bracketing  will  be  obtained. 


breadths,  and  the 


Flg.7t8. 


FIf.  7t9. 


nOMKS. 

2089.  We  have,  in  a  foregone  page,  mentioned  a  method  of  constructing  domes  with 
ribs  in  thicknesses.  We  here  present  to 
the  reader  two  designs  for  dome-framing, 
wherein  there  is  a  cavity  of  framed  work 
between  the  inner  and  outer  domes ;  with 
moderate  spans,  however,  simple  framing 
is  all  that  is  required.  Fig,  730.  A  is  a 
design  for  a  domical  roof.  B  exhibits  the 
method  of  framing  the  curb  for  it  to 
stand  upon,  the  section  of  the  curb  being 
shown  upon  ^g,  A.  llie  design  here 
given  is  nearly  the  same  as  that  used  for 
the  dome  of  the  Pantheon  in  Oxford 
Street,  which  was  destroyed  by  fire.  C  is 
another  design  for  a  domical  roo^  which  is 
narrow  at  the  bottom  part  of  the  framing, 
for  the  purpose  of  gaining  room  within 
the  dome. 

PKNDKMTIVXS. 

2090.  If  a  hemisphere,  or  other  portion 
of  a  sphere,  be  intersected  {Jig.  731.)  by 


Pig.  731. 

cylindrical  or  cylindroidal  arches,  vaults 
aa  are  formed,  which  are  called  pendeniivet. 
The  termination  of  these  at  top  will  be 
a  circle,  whereon  may  be  placed  a  dome, 
or  an  upright  drum  story,  which,  if  ne- 
cessary, may  be  terminated  by  a  dome. 


FIf.  790. 


Chaf.  III. 


PRACTICAL  CARPENTRY. 


Tba  rewlR  'ill  immMluilely  perceiTe  that  many  i 
bne  is  menly  to  show  how  the  carpeiiter  ii  to  pro 
oalled,  wbeD  pendentiTe*  are  to  be  formed  in  wood. 

8091.  3b  COM  llu  etaing  of  a  npmrtnom  nith  eomiad  prmdaitmt.  Let  A'BC!,fig.  739.) 
be  h«ir  the  plan  of  the  room,  and  DFB  the  half  plan  of  the  curb,  at  whose  top  the  riba 
■re  all  fixed.  The  hyperbolical  arches  o^,  iihe  on  each  of  the  four  aides  are  of  equal 
height.  The  Krai^ht  ribs  bf,ik,Im,  he  are  thoim  on  the  plan  by  FB,  IK,  LM,  ko. 
Tlie  nwthod  of  fioding  the  byperbt^ical  correa  agb,  bkc  vill  be  explained  in  the  fi>ilowing 


SMS.  T\ifi%dtke  ipringing  ItHa  ef  tht  prtetdi*s  pt%de<UiBa,  Iht  uetimin  muofthe  terti- 
eol  diagotiat  fliaa  bang  giotn.  Bisect  the  diagonal  LK  iflg.  T33.)  at  the  point  N  by  the 
petpendiculai  NW,  which  make  equal  to  the  height  of  the  cone,  and  draw  the  aides  LW 
and  KW.  Bisect  the  side  MK  of  the  square  at  a,  and  on  N,  with  the  radius  Na,  describe 
an  aic  aA,  cutting  the  diagonal  LK  at  A.  Then  take  any  points  B,  C,  D,  between  A  and 
K,  and  with  the  leicra]  radii  NB,  NC,  ND,  describe  the  area  Bb,  Cc,  and  Od,  cutting 
KM  at  tbe  po'mts  d,  c,  and  1>.  From  the  points  A,  B,  C,  and  D,  draw  AE,  BF,  CG,  and 
DH  perpendicular  to  the  diagonal  KL,  cutting  the  aide  WK  of  the  section  of  the  eoite  at 
E,  F,  G,  H.  At  tbe  ptunta  abtd  eitct  perpeadieulan  m,  bf,  eg,  and  di  (o  the  side  ML, 
making  each  equal  to  their  corresponding  distances  AE,  BF,  CG,  and  DH,  which  will  be 
one  half  of  the  eurre  for  that  nde  Ironi  which  the  other  may  be  traced.  The  dark  parts  show 
the  teelof  the  rib). 

9093.  Fig.  734.  shows  the  method  of 
coving  a  aquare  room  with  spherical  penden- 
tiict,  which  a  few  words  will  nifHciently 
describe.  CD,  DE  are  two  side*  of  theplan; 
AFB  is  half  the  plan  oF  the  curb.  In  the 
eleiaLon  above  is  shown  the  method  orRxiiig 
the  ribs  (which,  in  projection,  are  portions  of 
ellipses)  on  two  sides  of  the  plan,  ab  is  the 
eleration  of  thecurb  AFB;  e^d  and  ii;e  are 
ribfl  on  each  side  of  the  plan  supporting  the 
Tertical  ribs  that  form  the  spherical  surface, 
whieh  vertical  ribs  support  the  curb  afb.  On 
afb  may,  if  necessary,  be  placed  a  Unlem  or 
dL^lighl  1  or,  if  tight  be  not  wanted,  a  flat 
ceiling  or  a  dome  may  be  placed.  This  pen- 
dentive  is  to  be  finished  inth  plsster ;  hence 
the  ribs  must  not  be  farther  mfiit  than  about 

9094.  For  finding  (jif.  73j.>the  intersec- 
tion of  the  rib*  of  a  ^uidrel  dome,  irtiote 

section  is  the  aegment  of  ■  circle,  and  whose      i  ^  re 

planisasquareABCD.    Let  DEFB  be  tbe  '■*'»- 

section  on  the  plane  of  the  diagonal.  First  plan  one  quarter  of  the  ribs,  as  at  UC,  TN, 
SL,  RI,  and  QG,  this  last  being  parallel  to  DC  or  AB,  the  sides  of  the  square;  on  V, 
with  the  radii  VG,  VI,  VL,  VN,  and  VC,  describe  the  arcs  GPp,  Id',  L«J,  Svn,  &c.  cut- 
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ting  the  base  DB  of  the  aogular  rib 
in  fft  if  U  and  n.  Draw  gh,  tA,  ban,  and 
no,  each  perpendicular  to  DB,  cutting 
the  diagcmal  rib  at  A,  jl,  m,  and  0.  Then 
making  the  distances  GH,  IK,  LM, 
and  NO  equal  to  the  corresponding 
distances  gK,  ik,  Zsi,  and  no^  through 
the  points  H,  K,  M,  O  draw  a  curve 
which  will  be  the  under  edge  of  that 
for  the  bottom  of  the  ribs  QG,  RI, 
SL,  TN,  and  UC,  shown  complete  on 
each  side  of  the  square  plan.  If  each 
of  the  circular  segments  on  each  side 
of  the  square  plim  be  turned  up  at 
right  angles  to  the  plan  A  BCD,  the 
ribs  will  then  stand  in  their  true 
position. 

BaiDOSS. 

2095.  We  shall  in  this  work  confine 
ourselves  to  the  simplest  forms  of  tim- 
ber bridges,  which,  as  well  as  those  of  ^'  ^^^ 

stone,  will  be  found  fully  treated  of  in  the  Enegdop^Bdia  of  Engineering^  by  Mr.  Cresy* 
which  forms  one  of  the  series.  They  mostly  depend  on  the  principle  of  the  truis»  where 
the  span  is  large ;  and  this  combination  of  timbers  we  have  already  explained,  as  in  stone 
bridges  the  principle  of  construction  of  the  arch  is  the  chief  matter  for  consideration,  and 
to  that  a  large  portion  of  this  work  has  been  devoted ;  so  that,  on  the  part  of  the  architect, 
we  do  not  resign  his  pretension  to  employment  in  such  works,  for  which,  indeed,  as 
respects  design,  his  general  education  fits  him  better  than  that  of  the  engineer. 

2096.  Tlie  bridge  over  the  Brenta,  near  Bassano,  by  Palladio,  is  an  example  of  a  wooden 
bridge  (Jig.  7 36.),  which  is  not  only  elegant  as  a  composition,  but  one  which  is  economical. 


Flf.  786. 

and  might  be  employed  with  advantage  where  it  is  desirable  that  the  piers  should  occupy 

a  small  space,  and  the  river  is  not  subject  to  great  floods.     The  same  great  architect,  in  his 

celebrated  Treatise  on  ArchHeeturtt  has  given  several  designs  for  timber  bridges,  the  princi< 

pies  of  whose  construction  have  only  been  carried  out  ftirther  in  many  modem  instances. 

He  was  the  earliest  to  adopt  a  species 

of  construction  by  which  numerous  piers 

were  rendered  unnecessary,  and  thus  to 

avoid  the  consequences  of  the  shock  of 

heavy  bodies  against    the  piers  in  the 

time  of  floods.     Of  this  sort  was  the 

bridge  he  threw  over  the  rapid  torrent 

of  the  Cismone  (Jig,  737.)  whose  span 

was  108  fieet  FlfTsr. 

2097.  Palladio  has  given  a  design 
for  a  timber  bridge  (Jig.  738.)  which  is 
remarkable  as  havinff  been  the  earliest 
that  has  come  to  our  knowledge,  wherein 
the  arrangement  is  in  what  may  be 
called  firamed  voussoirs,  like  the  arch 
stones  of  a  bridge,  a  principle  in  later 
days  carried  out  to  a  great  extent,  and 
with  success,  in  iron  as  well  as  timber 
bridges.  Fig.  788. 


I  tbe  roetfaod  of  Philibeit  de  Lornn,  before  mentioned.     Tbe 
'•"dge  {jig.  739-)  ii  nip- 

principiU  ribs  ii.  The 
tridth  of  the  pUee  i* 
tpeimed  mt  once  bf  an 
■icb  riung  one  nitb  piiTt  i 
of  Its  extent.  Iti  curre 
it  diiided  into  flve  puti, 
"  whidi,"  Mjt  Price,  ■  1  I 
purpose  to  be  of  good  sut-  ' 
toned  English  oek  pUnk, 
of  3  inches  thick  and  13 
breed.       Their    joint    or 


IIk   Joints   of  the  other. 

In  each  of  these  ribs  are 

nude  bur  mortices,  of  4 

inches  broad  aud  3  high,  , 

•ad  in  the  middle  of  the 

a«id   9-inch    pUnk  (theae  "■'"■ 

mcttieei  ara  best  set  out  with  ■  tampleli   on  which  the  said  mortice*  bare  been  truly 

diTided  and  adjusted).      Lastljr,  put  each  principal  rib  tip  in  its  place,  driring  looee  ke;i 

into  tome  of  the  mortices  to  bold  tbe  eud  two  tbiekntiMB  logetber  i  while  other  help  is 

readf  to  drite  in  the  joists,  which  should  have  a  shoulder  inward,  and  a  mortice  in  them 

outward  ;  through  which  keys  braog  drove  keep  the  whole  tog;edier.      On  these  joiits  la; 

jrour  pUokt,  grwel,  &c  ;  so  is  ;our  bridge  compleM,  and  suitable  toBriier,&c  of  36  feet 

9099.  "Incase  the  river,  &c.  be  10  or  50  feet  wide,  the  stuff  should  be  larger  and  more 
pertieularljr  frmned,  as  is  shown  in  part  of  the  plan  enlarged,  as  I.  llwse  planks  ought  to 
be  4  inches  thick  and  16  wide  s  and  the  inner  omt,  that  break  the  jmnla,  4  inches  thick 
and  12  broad  i  in  each  of  these  are  *ii  mortices,  four  of  which  are  4  inches  wide  and  9 
high  ;  through  these  are  drove  keyt  which  keep  the  riha  the  better  together ;  the  other  two 
msrtiees  are  6  inches  wide  and  4  high;  into  these  are  framed  the  jmsts  of  e  inchca  by  IS; 
the  tenons  of  these  joists  are  morticed  to  receive  tbe  fottt,  which  s«ve  as  keys,  as  idiown 
■n  the  section  K,  and  tbe  small  key)  ««  in  L ;  all  which  inspe«tiuo  vUi  enplun.  That  of 
M  is  a  method  whereby  to  make  a  good  hutment  in  case  the  ground  be  not  solid,  and  is 
by  driving  two  piles  perpendicularly  and  two  slopine.  the  heads  of  both  being  cut  off  so 
as  to  he  embraced  by  the  sill  or  resting  plate,  which  will  appear  by  the  pricked  lines 
drawn  from  the  plan  I  and  the  letter*  of  reference."  Price  conclude* :  "  All  that  I  con- 
etsary  to  be  said  further  it,  that  the  whole  being  performed  without  iron,  il  is 
sapahle  of  being  painted  on  every  part,  by  which  means  the  timber  may  be  pre- 
aervea ;  ibr  though  in  some  respects  iron  is  indi^»e[ttably  necessary,  yet,  if  in  such  cases 
where  things  are  or  may  be  often  moved,  the  iron  will  lUBt  and  scale,  so  as  (hat  the  parts 
will  become  loose  in  process  of  time,  which,  as  1  said  before,  if  made  of  sound  timber,  will 
always  keep  tight  and  Brm  together.  It  may  not  be  amiss  to  observe,  that  whereas  tome 
may  imagine  this  arch  of  timber  is  liable  to  give  way.  when  a  weight  comet  on  any  par- 
ticular part,  and  rise  where  there  is  no  wai^t,  such  objectors  may  be  salisAed  that  no  part 
can  yield  or  give  way  tiU  tbe  said  six  keys  are  broke  short  off  at  once,  which  no  weight 
can  possibly  do, " 


SIOO.  Jtnntrf  is  that  pert  of  the  science  of  architectuie  which  consists  in  framing  or 

foimlnp  together  wood  for  the  external  and  internal  finiibinga  of  houws,  such  as  the  linings 

<>f  walls  and  rough  timbers,  the  pulling  together  of  doors,  windows,  ttairt,  and  tbe  like. 

Go  S 
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It  requires,  therefore,  more  accurate  and  nicer  worknuuMhip  than  carpentry,  being  of 
a  decoratiTe  nature  and  near  the  eve.  Hence  the  surfaces  must  be  smooth  and  niccilj 
wrought,  and  the  Joints  must  be  made  with  great  precision.  The  smoothing  of  the  wood 
is  called  planing^  and  the  wood  used  is  called  Hvfff  which  consisto  of  rectangular  prisms 
roughly  brought  into  shape  by  the  saw,  such  prisms  being  called  battens,  boards,  and  planks^ 
according  to  their  breadth  and  thickness. 

2101.  We  shall  give  but  a  succinct  account  of  the  joiner's  tools ;  an  acquaintance  with 
their  forms  and  uses  being  sooner  learnt  by  mere  inspection  over  a  joiner's  bench  than 
by  the  most  elaborate  description. 


TOOLS. 


SI  02.  The  first  is  the  bench,  whose  medium  height  is  about  2  feet  8  incho,  its  length 
about  10  or  12  feet,  and  its  width  about  2  feet  6  mches.  One  side  is  provided  with  a 
vertical  board,  called  the  aide  hoard,  pierced  with  holes  ranged  at  different  heights  in 
diagonal  directions,  which  admit  of  pins  for  holding  up  the  object  to  be  planed,  which  is 
supported  at  the  other  end  of  it  by  a  scrtw  and  screw  check,  together  called  the  bench  acretcp 
acting  like  a  vice.  The  -planet  used  by  the  joiner  are  the  Jack  planei'whieh  is  used  for 
taking  off  the  roughest  and  most  prominent  parts  of  the  stuff,  and  reducing  it  nearly  to  its 
intended  form.  Its  ttock,  that  is,  the  wooden  part,  is  about  1 7  inches  long,  S  inches  high, 
and  S|  inches  broad.  The  tryii^  plane,  whose  use  is  nearly  the  same  as  that  last  described, 
but  used  after  it,  the  operation  being  performed  with  it  by  taking  the  shaving  the  whole 
length  of  the  stuff,  which  is  called  tryiru/  up,  whereas  with  the  jack  plane  the  workman 
stops  at  every  arm's  length.  The  long  plane,  which  is  used  when  a  piece  of  stuff  is  to  be 
tried  up  very  straight.  It  is  longer  and  broader  than  the  trying  plane,  its  length  being 
26  inches,  its  breadth  3|  inches,  and  depth  3|  inches.  The  jointer,  which  is  still  longer, 
being  2  feet  6  inches  long,  and  is  principally  used  for  obtaining  very  straight  edges,  an 
operation  commonly  called  thooHng.  With  this  the  shaving  is  taken  the  whole  lengHi  in 
finishing  the  joint  or  edge.  The  emoothing  plane,  which,  as  its  name  imports,  is  the  laat 
employed  for  giving  the  utmost  degree  of  smoothness  to  the  surface  of  the  wood,  and  is 
chiefiy  used  for  cleaning  off  finished  work.  It  is  only  7{  inches  long,  S  inches  brwul,  and 
2)  inches  in  depth.     The  foregoing  are  technically  called  bench  pianee, 

2103.  The  compaei  plane  which  in  size  and  shape  is  similar  to  the  smoothing  plane, 
except  that  its  under  surface  or  eoU  is  convex,  its  use  being  to  form  a  concave  cylindrical 
surfiice.  Compass  planes  are  therefore  of  various  sixes  as  occasion  may  require.  The 
forkatajf  plane  resembles  the  smoothing  plane  in  size  and  sliape,  except  that  the  sole  is  part 
of  a  concave  cylindric  surfiice,  whose  axis  is  parallel  to  the  length  of  the  plane.  The  form 
is  obviously  connected  with  its  application,  and,  like  the  last  named,  it  is  of  course  of 
various  sixes.  The  etraight  block  is  employed  for  shooting  short  joints  and  mitres,  instead 
of  the  jointer,  which  would  be  unwieldy  :  its  length  is  1 2  inches,  its  breadth  S|  inches, 
and  depth  2)  inches. 

2104.  There  is  a  species  of  planes  called  rebate  planes,  the  first  whereof  is  simply  called 
the  rebate  plune,  being,  as  its  name  imports,  chiefly  used  for  nuking  rebates,  which  are 
receding  planes  formed  for  the  reception  of  some  other  board  or  body,  so  that  its  edge  may 
coincide  with  that  side  of  the  rebate  next  to  the  edge  of  the  rebated  piece.  The  length  of 
the  rebate  plane  is  about  9{  inches,  its  depth  about  3)  inches,  and  its  thickness  varie*  ac- 
cording to  the  width  of  the  rebate  to  be  made,  say  from  1)  to  I  inch.  Rebate  planes  vary 
iVom  bench  planes  in  having  no  tote  or  handle  rising  out  of  the  stock,  and  from  their 
having  no  oriBce  for  the  discharge  of  the  shavings,  which  are  discharged  on  one  side  or 
other  according  to  the  use  of  the  plane.  Of  the  sinking  rebating  planes  there  are  two 
sorts,  the  motring  fJUxater  and  the  eash  jQlxtter,  whereof,  referring  the  reader  to  the  tool 
itself^  a  sight  of  which  he  can  have  no  difiiculty  in  procuring,  the  first  is  for  sinking  the 
cdffe  of  the  stuff  next  to  the  workman,  and  the  other  for  sinking  the  opposite  edge,  whence 
it  IS  manifest  that  these  planes  have  their  cutting  edges  on  the  under  side.  Without 
enumerating  many  other  sorts  which  are  in  use,  we  shall  mention  merely  the  plough,  a 
plane  used  for  sinking  a  cavity  in  a  suHace  not  close  to  the  edge  of  it,  so  as  to  leave  an 
excavation  or  hollow,  consisting  of  three  straight  sur&ces  forming  two  internal  right 
angles  with  each  other,  and  the  two  vertical  sides  two  external  right  angles  with  the  upper 
surfiice  of  the  stuff.  The  channel  thus  cut  is  called  a  groove,  and  the  operation  is  called 
grooving  or  plowing.  Tbia  species  will  vary  according  to  the  width  firom  the  edge  ;  but  it 
is  generally  about  7|  inches  long,  3|  inches  deep. 

2105.  Moulding  fianee  are  for  forming  mouldings,  which,  of  course,  will  vary  according 
to  the  designs  of  the  architect.  They  are  generally  about  9{  inches  long,  and  S|  inches 
deep.  When  mouldings  are  very  complex,  they  are  generally  wrought  by  hand ;  but  when 
a  plane  is  formed  for  them  they  are  said  to  be  ^uck,  and  the  operation  is  called  UieMmg. 

2106»  The  bead  plane  is  used  very  frequently  in  joinery,  its  use  being  for  sticking 
mouldings  whose  section  is  semicircular ;  when  the  bead  is  stuck  on  the  edge  of  a  piece 
of  stuff  to  form  a  semi-cylindric  surfiice  to  the  whole  thickness,  the  edge  is  said  to  be 
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beaded  or  rounded.     When  a  bead  is  stuck  so  that  it  does  not  on  the  section  merely  fall  in 


with  its  square  returns,  but  leaves  a  space    ^^»   thus,  between  the  junctions  at  the 

sides,  it  is  sud  to  be  qvirked.  The  beads  or  planes  vary  from  very  small  sizes  up  to  the 
)  inch  and  )  bead.  They  may  however  be  larger,  and  are  sometimes  stuck  double  and 
triple.  The  gnipebiU  plane  is  one  for  forming  the  quirk,  whereof  we  have  spoken  ;  but  we 
do  not  think  a  detailed  description  of  it  necessary,  more  than  we  do  of  those  •which  are 
made  for  striking  hottowt  and  rotmds. 

2107.  The  stock  and  bit  is  the  next  tool  to  be  mentioned.  Its  use  is  for  boring  wood, 
and  the  iron,  which  varies  as  the  size  of  the  bore  required,  is  made  in  a  curve  on  its  edge  of 
contrary  flexure  so  as  to  discbarge  the  wood  taken  out  It  fits  into  what  is  called  the  stock, 
which  has  a  double  curved  arm  working  on  spindles,  the  end  opposite  to  the  bit  being 
pressed  by  the  body,  whose  weight  against  the  whole  instrument  is  the  power  whereby 
the  operation  is  performed.  The  bit  is  also  called  a  pin,  or  ffouj/e  bit.  It  is  an  important 
tool,  and  much  used. 

2108.  Countersinks  are  bits  for  widening  the  upper  part  of  a  hole  in  wood  or  iron  for 
the  head  of  a  screw  or  pin,  and  are  formed  with  a  conical  head.  Rimers  are  bits  for  widen* 
ing  holes,  and  are  of  pyramidal  form  whose  vertical  angle  is  about  3j  degrees.  The  hole 
is  first  pierced  by  means  of  a  drill  or  punch,  and  the  rimer  then  cuts  or  scrapes  off  the  in- 
terior surface  of  the  hole,  as  it  sinks  downwards,  by  pressing  on  the  head  of  the  stock. 
According  to  the  metal  on  which  they  are  to  be  used  they  are  differently  formed. 

2109.  The  taper  shell  bit  is  conical  botli  within  and  without  Its  horizontal  section  is  a 
crescent,  the  cutting  edge  being  the  meeting  of  the  interior  and  exterior  conic  surfaces.  Its 
use  is  for  widening  holes  in  wood.  Besides  the  above  bits,  there  are  some  which  are  pro- 
vidcMl  with  a  screw-driver  for  sinking  small  screws  into  wood  with  more  rapidity  than  the 
unassisted  hand  will  accomplish. 

2110.  Hie  brad  awl,  the  smallest  boring  tool,  is  so  well  known,  that  it  would  be  waste 
of  space  to  do  more  than  mention  it,  the  commonest  of  instruments  in  the  science  of  con- 
struction. 

2111.  The  variety  o£  chisels  is  great  They  are  well  known  to  be  edge  tools  for  cutting 
wood  by  pressure  on  it,  or  by  percussion  with  a  mallet  on  its  handle.  The  Jirmer  chisel  is 
a  tool  used  by  the  carpenter  as  well  as  the  joiner  for  cutting  away  superfluous  wood  by 
thin  chips.  Those  are  best  which  are  made  of  cast  steel.  If  much  superfluous  wood  is  to 
be  cut  away,  a  strong  chisel,  with  an  iron  back  and  steel  fiM%,  is  first  used  with  the  aid  of 
the  mallet,  and  then  a  slighter  one  with  a  very  fine  edge.  The  first  is  the  Jirmer  first 
mentioned,  and  the  last  is  called  a  paring  chisel,  in  the  use  whereof  the  force  employed 
is  from  the  shoulder  or  hand. 

2112.  The  mortice  chisel,  whose  use  is  for  cutting  out  rectangular  prismatic  cavities  in 
stuff  is  made  of  considerable  strength.  The  cavity  it  so  cuts  out  is  called  a  mortice,  and 
the  piece  which  fits  into  it  a  tenon,  whence  the  name  of  the  tooL  lliis  chisel  is  one  acted 
on  only  by  the  percussion  of  the  mallet 

2113.  Hie  gouffe  is  used  for  cutting  concave  forms  in  stuff.  It  is,  in  fiict,  a  chisel 
whose  iron  is  convex. 

2114.  The  drawing  knife  is  an  oblique-ended  chisel,  or  old  knife,  for  drawing  in  the 
ends  of  tenons  by  miJcing  a  deep  incision  with  the  sharp  edge,  guided  by  that  of  the  tongue 
of  a  square,  for  which  purpose  a  small  part  is  cut  out  in  the  form  of  a  triangular  prism. 
The  use  of  this  excavation  is  to  enter  the  saw  and  keep  it  close  to  the  shoulder,  and  thus 
make  the  end  of  the  rail  quite  smooth,  for  by  this  means  the  saw  will  not  get  out  of  its 
course. 

2115.  There  are  many  species  of  the  saw,  which  is  a  thin  plate  of  steel,  whose  edge  is  in^ 
dented  with  teeth  for  cutting  by  reciprocally  changing  the  direction  of  its  motion.  The 
varieties  are — the  ripping  saw,  which  is  used  for  dividing  or  splitting  wood  in  the  direction 
of  the  fibres ;  its  teeth  are  large,  the  measure  being  usually  to  the  number  of  eight  in 
3  inches,  such  teeth  standing  perpendicularly  to  the  line  which  ranges  with  the  points : 
the  length  of  the  plate  or  blade  of  this  saw  is  about  28  inches.  The  half  ripper  is  used 
also  for  dividing  wood  in  the  direction  of  the  fibres :  the  plate  of  this  saw  is  as  long  as  of 
that  last  described,  but  it  has  only  three  teeth  in  an  inch.  The  hand  saw,  whose  plate  is 
26  inches  long,  contiuns  fifteen  teeth  in  4  inches ;  it  is  used  for  cross  cutting,  as  in  the  direc- 
tion of  the  fibres ;  for  which  purposes  the  teeth  recline  more  than  in  the  two  former  saws. 
The  panel  saw  has  about  six  teeth  in  an  inch,  the  length  of  its  plate  being  the  same  as  the 
last ;  but  in  this  and  the  hand  saw  thinner  than  in  the  ripping  saw :  it  b  used  for  cutting 
very  thin  wood,  either  with  or  across  the  fibres.  The  tenon  saw  is  most  used  for  cutting 
wood  transverse  to  the  fibres,  as  the  shoulders  of  tenons.  Tlie  plate  of  a  tenon  saw  is  from 
1 4  to  1 9  inches  long,  having  eight  to  ten  teeth  in  an  inch.  This  saw  not  being  intended  to 
cut  through  the  whole  breadth  of  the  wood,  and  the  plate  being  too  thin  to  make  a 
straight  kerf,  or  to  keep  it  from  buckling,  it  has  a  thick  piece  of  iron  fixed  on  the  edge 
opposite  to  the  teeth,  called  the  back.     From  the  opening  for  the  fingers  through  the 
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handle  of  this  and  the  foregoing  nws  bong  enclosed  all  round,  it  is  ealled  a  doable  handle. 
Hie  mmA  9aw  is  used  for  forming  the  tenons  of  sashes ;  its  plate  is  11  inches  in  length,  harin^ 
about  thirteen  teeth  to  the  inch.  It  is  sometimes  backed  with  iron,  but  more  frequently 
with  brass.  The  dooUaU  saw  is  used  for  cutting  the  dovetails  of  drawers  and  the  like ;  its 
plate  is  backed  with  brass,  it  contains  fifteen  teeth  in  about  one  inch,  and  is  about  9  inchea 
long.  Hie  handles  of  this  and  the  last  saw  are  only  single,  llie  eoa^pau  saw,  for  cutting 
womI  into  curved  surfaces,  is  narrow,  thicker  on  the  cutting  edge  as  the  teeth  have  no  set, 
and  is  without  a  back ;  the  plate,  near  the  handle,  is  about  an  inch  broad,  and  about  a 
quarter  of  an  inch  at  the  other  extremity,  having  about  five  teeth  to  the  inch ;  the  handle 
is  single.  The  keyhole,  or  turning  saw,  in  its  plate  resembles  the  oon^Mss  saw,  but  the 
handle  is  long,  and  perforated  from  end  to  end  for  inserting  the  plate  at  any  distance  with- 
in the  handle  $  there  is  a  pad  in  the  lower  part  of  the  handle,  through  which  is  inserted 
a  screw  for  fiwtening  the  plate  therein.  As  its  name  implies,  it  is  used  for  turning  out 
quick  curves,  as  keyholes,  and  is  therefore  frequently  called  a  keyhole  saw. 

SI  16.  llie  teeth  of  all  saws,  except  tunung  and  keyhole  saws,  are  bent  alternately  on 
the  contrary  sides  of  the  plate,  so  that  all  the  teeth  on  the  same  side  are  alike  bent  through- 
out the  length  of  the  plate,  for  the  purposes  of  clearing  the  sides  of  tHe  cut  made  in  the 
wood  by  it.  The  saw  is  a  tool  of  great  importance  in  every  case  where  wood  is  to  be 
divided,  for  by  its  means  it  can  be  divided  into  slips  or  scantlings  with  no  more  waste  than 
a  small  slice  of  the  wood,  whose  breadth  is  equal  to  the  depth  of  the  piece  to  be  cut 
through,  and  the  thickness  of  it  equal  to  no  more  than  the  distance  of  the  teeth  between 
their  extreme  points  on  the  alternate  sides  of  the  saw  measured  on  a  line  perpendicular  to 
them  ;  whereas,  by  any  other  means,  such  as  the  axe  for  instance,  large  pieces  of  timber 
could  only  be  reduced  in  size  by  cutting  away  the  superfluous  8tu£^  which  would  be  no  less 
a  waste  of  labour  than  of  the  material  used ;  and  even  then  it  would  have  to  be  reduced 
to  a  plane  surfoce. 

2117.  Joiners  use  the  hatchet,  which  is  a  small  axe,  for  cutting  away  the  superfluous 
wood  from  the  edge  of  a  piece  of  stuff  when  the  part  to  be  cut  away  is  too  small  to  be 
sawed. 

2118.  The  tquare  consists  of  two  rectangular  prismatio  pieces  of  wood,  or  one  of  wood> 
and  the  other,  which  is  the  thinnest,  of  metal,  fixed  together,  each  at  one  of  their  extremi- 
ties, so  as  to  form  a  right  angle  both  internally  and  externally  ;  the  interior  right  angle  is 
therefore  called  the  inner  square,  and  the  exterior  one  the  outer  square.  Squares  are,  for 
different  applications,  made  of  different  dimensiona.  Some  are  employed  in  trying  up 
wood,  and  some  for  setting  out  work  ;  the  former  is  called  a  trying  square,  and  the  latter  a 
setting  out  square.  To  prove  a  square  it  is  only  necessary  to  reverse  the  blade  after  having 
drawn  a  line  on  the  surfoee  to  which  it  is  applied :  if  the  line  of  tiie  blade  on  reverm 
do  not  coincide  with  that  first  drawn,  the  square  b  incorrect. 

21 1 9.  The  bevel  consists,  like  the  square,  of  a  blade  and  handle ;  but  the  tongue  is 
moveable  on  a  joint,  so  that  it  may  be  set  to  any  angle.  When  it  is  required  to  try  up 
many  pieces  of  stuff  to  a  particular  angle,  an  immoveable  bevel  ought  to  be  made  for  the 
purpose ;  for  unless  very  great  care  be  taken  in  laying  down  the  moveable  bevel,  it  will  be 
likely  to  shift 

21 20.  The  gatige  is  an  instrument  used  for  drawing  or  marUng  a  line  on  a  piece  of  stufiT 
to  a  width  parallel  to  the  edge.  It  consists  generally  of  a  square  piece  with  a  mortice  in  itt 
through  which  runs  a  sliding  bar  at  right  angles,  called  the  stem,  furnished  with  a  sharp 
point  or  tooth  at  one  extremity,  projecting  a  little  from  the  surfiuse ;  so  that  whm  the  side 
of  the  gauge  next  to  the  end  which  has  the  point  is  applied  upon  the  vertical  sux&ce  of 
the  wood,  with  the  toothed  side  of  the  stem  upon  the  horixontdi  surfiice,  and  pushed  and 
drawn  alternately  by  the  workman  from  and  towards  him,  the  tooth  mskes  an  incision  from 
the  surfiuse  into  the  wood  at  a  paralldi  distance  from  the  upper  edge  of  the  vertical  side  on 
the  right  hand.  This  line  marks  precisely  the  intersection  of  the  plane  which  divides  the 
superfluous  stuff  from  that  which  is  to  be  used.  When  it  is  required  to  cut  a  mortice  in  a 
piece  of  wood,  the  gauge  has  two  teeth  in  it,  and  is  called  a  mortice  gauge,  one  tooth  beinf 
stationary  at  the  end  of  the  stem,  and  the  other  moveable  in  a  mortice  between  the  fixed 
tooth  and  the  head ;  so  that  the  distances  of  the  teeth  from  each  other,  and  of  each  from  the 
head,  may  be  set  at  pleasure,  as  the  thickness  of  the  tenon  may  require. 

2121.  The  side  hook  is  a  rectangular  prismatic  piece  of  wood,  with  a  projecting  knob 
at  the  ends  of  its  opposite  sides.  Hie  use  of  the  side  hook  is  to  hold  a  board  fast,  its  fibres 
being  in  the  direction  of  the  length  of  the  bench,  while  the  workman  is  cutting  across  the 
fibres  with  a  saw  or  grooving  plane,  or  in  traversing  the  wood,  which  is  planing  it  in  a 
direction  perpendicular  to  the  fibres. 

2122.  The  mitre  box  consists  of  three  boards,  two,  called  the  sides,  bang  fixed  at  right 
angles  to  a  third,  called  the  bottom.  The  bottom  and  top  of  the  sides  are  all  parallel ;  the 
sides  of  equal  height,  and  cut  with  a  saw  in  two  directions  of  straight  surfooes  at  right 
angles  to  each  other  and  to  the  bottom,  forming  an  angle  of  45  degrees  with  the  si&s. 
llie  mitre  box  is  used  for  cutting  a  piece  of  tried  up  stuff  to  an  angle  of  45  degrees  with  two 
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of  its  auffiices ;  or  at  least  to  one  of  the  arriaBes,  and  perpendicular  to  the  other  two  sides, 
or  at  least  to  one  of  them,  obliquely  to  the  fibres. 

ai2S.  The  Uraigkt  edge  is  a  slip  of  wood  made  perfectly  straight  on  the  edge,  in  order  to 
make  other  edges  straight,  or  to  plane  the  hee  of  a  board  straight  It  is  made  of  different 
lengths,  according  to  the  required  magnitude  of  the  work.  Its  use  is  obvious,  as  its  appli- 
cation will  ^ow  whether  there  is  a  coincidence  between  the  straight  edge  and  the  sur&ee 
to  which  it  is  applied.  When  joiners  wish  to  ascertain  whether  the  whole  sur&ce  of  a 
piece  of  wood  lies  in  the  same  plane,  they  use  two  slips,  each  straightened  on  one  edge,  with 
the  opposite  edge  parallel,  and  both  pieces  of  the  same  breadth  between  the  parallel  ^ges ; 
whence  each  piece  has  two  straight  edges  or  two  parallel  planes.  To  find,  therefore, 
whether  a  board  is  twisted,  one  of  the  slips  is  placed  across  one  end  and  the  other  across 
the  other  end  of  the  board,  with  one  of  the  straight  edges  of  each  upon  the  sur&ce.  The 
joiner  then  looks  in  a  longitudinal  direction  over  the  upper  edges  of  the  two  slips,  until  his 
eye  and  the  said  two  edges  are  in  one  plane ;  or  otherwise  the  intersection  of  the  plane 
paswing  through  the  eye  and  the  upper  edge  of  the  nearest  slip  will  intersect  the  upper  edge 
of  the  fiurthest  slip.  If  it  happen  as  in  the  former  ease,  the  ends  of  the  wood  under  the 
slips  are  in  the  same  plane ;  but  should  it  happen  as  in  the  latter,  they  are  not.  In  the 
last  case,  the  sur&ce  is  said  to  wind;  and  when  the  surfiue  is  so  reduced  as  for  every  two 
lines  to  be  in  one  plane,  it  is  said  to  be  out  of  winding,  which  b  the  same  as  to  say  it  is  a 
perfect  plane.     From  the  use  of  these  slips,  they  are  denominated  winding  tticka, 

8184.  The  mtire  aquare,  an  instrument  so  called  because  it  bisects  the  right  angle  or 
mitres  the  square,  is  an  immoveable  bevel,  for  the  purpose  of  striking  an  angle  of  45  degrees 
with  one  side  or  edge  of  a  piece  of  stuff  upon  the  adjoining  side  or  edge  of  the  said  piece 
of  stuffl  It  conusts  of  a  broad  thin  board,  let  or  tongued  into  a  piece  on  the  edge  odled 
the  fence  or  handle,  which  projects  equally  on  each  side  of  the  blade,  whereof  one  of  the 
edges  is  made  to  contain  an  angle  of  45  d^ees  with  the  nearest  edge  of  the  handle,  or  of 
that  in  which  the  blade  is  inserted.  The  inside  of  the  handle  is  called  the  guide.  Tlie 
handle  may  be  about  an  inch  thick,  8  inches  broad ;  the  blade  about  ^  to  }  of  an  inch  thick, 
and  about  7  or  8  inches  broad.  As  the  different  sorts  of  moulding  used  in  architecture 
will  be  hereafter  properly  defined  and  treated  on,  we  shall  not  now  stop  to  describe  them 
otherwise  than  as  immediately  connected  with  the  section  under  consideration.  The  wood 
used  for  joinery  is  of  two  sorts,  white  and  yellow  deal ;  the  first  for  panellLng,  and  the  last 
for  framing.  Of  late  years,  much  American  wood  has  been  used  in  joinery,  both  for  panels 
and  frames.  It  works  easily,  is  soft,  free  from  knots,  but  more  liable  to  warp  than  white 
deaL 

2125.  The  arri*  oi  a  piece  of  stuff  is  the  edge  formed  by  two  planes. 


MouLnnvGs. 


21 526.  When  the  edse  of  a  piece  of  wood  is  reduced  to  a  cylindrical  form,  it  is  said  to  be 
rounded,  which  is  the  simplest  kind  of  moulded  work.  (Fig.  740.)  When  a  portion  of  the 
arris  is  made  semicylindrical,  so  that  the  surfiw^  of  the  eylindricid  part  is  flush  both  with 
the  face  and  edge  of  the  wood,  with  a  groove  or  sinking  made  in  the  fittce  only,  the 
cylindrical  part  is  called  a  bead,  and  the  sinking  a  quirk ;  the  whole  combination  {Jig.  741.) 
being  called  a  quirked  bead. 

21 87.  If  a  quirk  is  also  formed  on  the  other  or  returning  fiice,  so  as  to  make  the  rounded 
part  at  the  angle  three  fourths  of  a  cylinder,  the  moulding  (eeejlg.  742.)  is  called  a  bead 
and  double  quirk. 


Fl«.740. 


Fi«.741. 


ns.74s. 


Flic.74a. 


Fll.744. 


U 


Fig.  745. 


8128.  If  two  semicylindrical  mouldings  both  rise  from  a  plane  parallel  to  the  face,  and 
one  comes  close  to  the  edge  of  the  piece  and  the  other  has  a  quirk  on  the  frirther  side,  and 
its  sur&ce  flush  with  the  fiice  of  the  wood,  as  in  /ig.  74S.,  the  combination  is  called  a  double 
bead  or  double  bead  and  quirky  wherein  the  bead  next  to  the  edge  of  the  stuff  is  much 
smaller  than  the  other. 

8189.  Mouldings  are  usually  separated  from  one  another,  and  often  terminated  by  two 
narrow  planes  at  right  angles  (Jig.  744.)  to  each  other  :  these  are  called  JiUete,  and  show 
two  sides  of  a  rectangular  prism.  The  different  pieces  of  the  combination  of  mouldings 
are  called  membere.  A  semicylindrical  moulding,  rising  from  a  plane  parallel  to  the  fiu;e, 
and  terminated  on  the  edge  by  a  fillet  (Jig.  745.},  is  called  a  torue.  In  the  figure  there  are 
two  hemicylindrical  mouldings,  whence  that  is  called  a  double  torue.  The  reader  must 
observe  that  the  distinction  between  torus  mouldings  and  beads  in  joinery  is,  that  the  outer 
edge  of  the  former  always  terminates  with  a  fillet,  whether  the  torus  be  single  or  double ; 
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wbenu  ■  bead  never  b*a  n  fillet  on  the  outer  edge.  A  npetition  of  equal  ■emiojlittdrieal 
nunitding*,  Hpnnging  ^'oxn  a  plane  or  cjlindrical  Burbce,   is  caUed  r0«ft-      In  Joinnj, 

the    Jt   cima  rtcta,   and    j^t   "'au   menot  are    called    retpectlTelj  the   offe4  and  dyav 

rntrtt.     The   oTola      J,   H>  oamed  from  ita  egg-like  fane,   and  the  gnartcr  roumt,   the 

(burth  part  of  a  cjlindiioal  luiftoe,  are  (be  remaining  of  the  principal  mouldinga  used  in 
joinerj.  When  the  margio  of  an;  (raining  terniioalea  on  the  edges  oext  to  the  panel,  with 
one  or  more  mouldlDgi,  vhich  both  adTanoe  before  and  retire  from  the  Giee  of  the  trauiing 
to  the  panelling,  the  mouidinga  tfaua  introduced  are  ealled  bdeetion  amldiasi. 


2130.  We  aliall  now  more  particularly  addreas  our«lvei  to  the  aubject  of  dooii  and  their 
mouldingi.      A  doori   properly  nude,  in  formed  by  framing  and  fitting  piecei  of  ituff 

toEether  of  the  same  tblckoeai;  thoae  which  are  horiaontal  (_Jig.  746.)  AAAA 

being  called  raiU,  and  thoae  which  are  lertical  BBRB  being  called  flylei.  LmufTia 
Theae  form  a  ikeleton  into  which  pantU,  uiuaUy  of  ■  leas  Ihicknesa.  are  fitted.  4"^  ' — ' 
And  Ihia,  indeed,  ia  the  general  practice  in  all  ayttema  of  6amed  joinery.      In      [^  njl 

doori,  the  upper  railg  are  called  top  railt ,-   the  neat  in  descending,  fria  railt ;      I \  \ ] 

the  next,  which  are  uiually  wider  than  the  two  flrat,  are  called  the  hei  or        -*- 
middk  railt ,-  and  the  lowest,  from  their  situation,  are  called  bottom  mill.    The     ,0  [7] 

styles  on  the  flanks  are  called  outiidi  ityht,  and  those  in  the  middle  are  called       I I  I I* 

middle  $tfln.     Tb»  panela  are  also  named  ftota  their  rituations  on  the  door ;    I    * 

thus  CC,  being  the  uppermost,  are  csJled/riispiiiHb;  the  neit  DD  arc  called  RbIm- 
middlt  paiuli,  and  EE  boUtm  poult.  The  ruls  and  Btyl«  are  wedged  together,  binng  pre- 
viously mnrtined  and  tenoned  into  each  other.  The  student  should,  however,  to  obtain 
a  clear  comprehension  of  the  method  adopted,  see  a  door  put  together  at  the  bencb. 
The  varieties  and  fbims  uf  doon  are  dependent  upon  the  will  of  the  architect,  from  whom 
the  design  of  the  whole  emanates  i  it  vJU  be,  therefore,  her*  tufficimc  to  mention  the  three 
sorts,  vis.  the  oaiwm  door.  Just  described ;  the  jib  door,  wbioh  is  made  with  the  same 
flnisbingl  and  appearanee  as  the  room  in  which  it  is  placed,  so  as  not  to  have  the  appearance 
of  a  door ;  and,  lastly,  fotdiitg  doon,  wbLch  open  from  the  centre  of  the  doorway,  and  itre 
used  for  making  a  wider  communicatioQ  between  two  apartmenta  than  a  common  door  will 

SI  31.  Though  the  paaelling  of  fVatned  work  is  generally  sunk  within  the  face  of  the 
framing,  it  is  for  outside  work  sometimes  made  flush.  In  the  best  flush  work,  the  panela 
are  surrounded  with  a  bead  formed  on  the  edge  of  the  framing,  and  the  work  ia  called  btad 
andfitith-  In  the  cnnmioner  kind  of  flush  framing,  the  bead  is  run  only  on  the  two  edges 
of  the  panel  in  the  direction  of  the  fibres,  and  is  called  btad  and  btM. 

91 33.  The  diSbrent  denominations  of  framed  doors,  according  to  their  mouldings  Ad 
panek  and  framed  work  in  general,  are  aa  follows.  The  figures  fay  which  they  are  repre- 
sented are  sections  of  doors  through  one  of  the  styles,  wherein  only  a  smsll  part  of  the 
panel  is  shown,  oi  they  may  be  equally  conridered  as  vertical  sections,  through  the  lop  rail 
and  part  of  the  panel  below  it. 

S133.  F^/.  7*1.  represents  the  commonest  door.  It  is  without  mouldings,  and  the  panel 
u  a  straight  lurfiKS  on  both  udea.    It  is  tedmically  described,  flrst  mentioning  the  number 


of  panels  intended  in  it,  aa  a 
following,  repeat  the  ubservi 

SI34.   Fig.  T1S.  represents  the  rail  and  panel  of  ■  door,  i 


flilcl  on  one  aide,  but  having  no  inouldingi  on  tbe  otber.  Hie  panel  flat  on  botb  lidea,  it 
ia  deacribed  u  a  door  vith  jsWIud  twofo,  jWrt  and  fiat  vilk  igmar*  bacll. 

!1S5.  Fig.  749.  otil;  dioera  from  the  lait  in  having  a  bead  inatead  of  ■  Gllet,  and  is 
descritied  ai  giiirlitd  ovolo,  beail  andjlal  paid  milli  agware  batt. 

StSG.  Fig.  750.,  with  an  additional  filial  on  tbe  Iraming,  ii  daacritied  aa  yuiritd  OBala, 
beadfiBel  and  fiat  paial  milh  iquart  huL  The  back,  in  the  fitfegnng  and  folloinng  caaei> 
ii  deacribed  as  ujuare,  became  of  jti  haTiug  do  mouldinga  on  the  framiog,  and  of  tbe  panel 
being  a  straight  (uriace  on  one  side  of  the  door. 

3I3T.  la  fig.  751.  the  framing  is  formed  with  a  quirked  <:f(ee,and  a  quirked  b«ad  on  one 
side  and  square  on  the  other,  the  nirfvx  of  the  panel  bong  straight  on  both  aides,  and  tbe 


-   Fig.  753-  ia  described  ai  a  door  with  com,  eoelted  btadtfiat  patuiamd  tqitan  back. 


2140.  Fig.  754.  is  a  combination,  by  whioh  much  strength  is  imparted  to  tbe  door,  and 
it  is  therefore  much  used  for  eilemal  doors.  It  is.  haweier,  often  in  tbe  interior  of  bouses, 
and  in  descrilwd,  quirlud  otclo,  btad  fillet  and  roiiuf  pond  (m  front  and  iqaart  back.  It  ia 
from  the  raising  ot  the  panel  that  the  additional  strength  is  acquired. 

SI4I.  Fig.  T55.  resembles  the  last  in  general  appearance,  tbe  difierence  lieing  in  the 
oTolo  on  the  raised  paneL  It  ia  descrilMd,  qtarked  ovob,  btad  and  raittd  pond,  vtlA  oBob  an 
tkt  raittd  pand  and  tqnart  back.  When  an  external  door  has  raised  panels,  they  are  alwaya 
placed  towards  the  eilerior. 


mtktfial 
of  pand  in  front  and  Monart  back. 

21 43.  Fig.  757.  is  described,  giurted  oro/o.  bead  fiUtt  and  fiat  pmd  on  bdk  ridet.  This 
description  of  doara  is  used  where  a  handsome  appearance  is  to  be  equally  preserved 
on  both  sides  of  the  door,  as  between  rooms,  or  between  halla  ot  principal  pasaagea  and 

5144.  Fig.  758.  is  a  combination  used,  aa  all  bead  butt  and  bead  flush  work  is,  where 
strength  is  required.  The  form  here  given  is  described,  Eieod  and  fiutk  front  and  tpiirkot 
ogee,  raittd  pand  neilk  ovolo  rm  Iht  riting,  groovtd  ox  flat  pand  on  both. 

5145.  The  scries  of  mouldings  are,  aa  we  have  before  mentioned,  called  to/wiioa  mould- 
ings (jSj.  759.),  and  are  laid  in  after  the  door  is  framed  square  and  put  together.      They 
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pntiect  bcjond  lb*  Aaming  □■■  Moh  ndc.  Whtn  bndded  on  through  ths  mdc*  of  the 
quirlu,  the  headi  of  the  bivdi  will  be  entiielf  ooooealed ;  but  it  it  to  be  obwrred  that,  in 
driTing  the  bnili,  Ibej  muct  not  be  directed  towtrdi  the  puMit,  but  into  the  aolid  of  the 
fremiug.  The  fima  of  theie  bolectioa  mauldingn  ie  of  eoune  nried  ■caardiiig  to  the 
plesHiie  of  the  wshitect 


91-16.  Skutltri,  obioh  are  the  doon  of  window  openingi,  ere  fiemed  upon  the  nine 
prineipln  m  doon  themielTei ;  but  tbeli  beck*  are  ytirj  often  fluih.  In  the  better  aort  of 
buildiiiga  tbaj  are  folded  into  reeeeaet  called  boiimffM,  vheteof  we  aball  gire  a  figure  below 
a*  an  eiample  of  Ibe  ordloarj  method ;  but  a*  the  extent  and  diSereot  fbrini  ^  windows 
nry,  tb*  ingenuity  of  the  arohitact  will  be  often  required  to  ooDtriTe  hii  ibutten  within 
a  Tery  amall  apace.  Into  minutiie  we  cannot  enter  ui  a  work  of  thii  nature ;  howcTCr, 
ID  all  their  ihapea,  the;  are  dependent  on  the  leading  prineiples  given. 

8147.  Fig,  760.  ii  a  plan  of  the  ibutlert,  architrave.  laah-franui,  and  part  of  the  Bih  of 
commoD  ihutlen.  The  cavity  which  form)  tbe  boxinp  __ 
into  which  the  Hihet  Ajld  ii  formed  by  (he  ground  B 
(upon  which  the  architrave  A  ii  nailed),  the  back  liiiiMg 
F  of  the  boting,  and  the  fuuii  HniMg  G  of  the  aaih 
frame,  whereof  H  i>  the  I'luide  biuL  L  ii  the  imlsidi 
Hning  of  the  •aah-Awne,  M  the  batk  fituajr  of  it.  and 
K  the  partim^  benJ,  an  called  from  parting  the  upper 
and  lower  laah.  The  vacant  space  between  the  pulley 
piece  I  and  M,  ia  a  cavity  which  contains  the  weights 
for  balancing  the  saihea.  N  ahows  the  plan  of  the  sash. 
Tbe  shutters,  when  stretched  out  in  their  dlBerent 
folds,  are  luppoaed  to  cover  one  half  of  the  window, 
another  series  h«ng  auppoeed  to  be  placed  on  the  other 
aide  of  it.  The  fitmt  iAnUtr  CCC  ii  hung  by  hinget 
at  a  to  the  inude  lining  G  of  the  sash-frame.  Tlie 
inner  thutten  DDD  and  EE  are  called  the  baeJi 
Jlapi,  the  fenntr  whereof  is  hinged  on  to  the  front 
shutter  at  b,  and  tbe  latter  ia  hinged  on  to  DDD  at  e. 
It  will  be  immediately  seen  that  tbeee  will  thus  al- 
together turn  upon  the  hinges  at  a,  and  cover,  in  one 
straight  line,  front  both  sid«,  the  whole  of  the  light  of 
the  window  ;  it  being  contrived  that  each  boxing  shall  ' 
contain  ai  many  ahuttera  aa  will  cover  one  halC  that  i 
is,  from  the  centre  of  the  hinge  to  the  centre  of  the 
window.  When  the  boxea  ate  tcanly,  the  binge  may 
be  pUoed  as  shown  in  X  attached  to  the  figure. 

314H.    It  would  be  impoanble  to  place  IwAre  tbe 
reader  the  infinite  variety  of  eiamplci  requited  for  tbe 

application  of  shutters  to  windows;  in  ordimry  casCT,  "s.!". 

the  example  we  have  given  will  sufficiently  exhibit  the  method  to  be  adopted.  On  occ^ 
sions  wherein  it  is  not  applicable,  the  architect  muit  apply  bimaelf  to  the  work  pro  n  aold, 
in  which,  with  very  little  attention,  he  will  not  find  innumountable  difficulty. 


le  neatnoa  and  beauty  of  Joiners'  work,  is  the 
n  which  are  placed  the  hinges  of  ioon  and  shutters.  Tbey  ought 
continued  as  to  preserve  tbe  unUbrmity  i^  the  door  or  shutter  on  both  aidea,  and 
aa  much  aa  possible  to  be  cloae  enough  to  exclude  a  rueh  of  air  between  the  edge*  of  the 
bodies  to  be  hinged  together,  which,  in  this  cold  climate,  ia  eaaential.  Id  theee  joints,  both 
angles  of  one  of  the  bodies  ia  uiually  beaded,  to  conceal  the  open  apace,  which  would 
otherwise  be  seen ;  and  lor  preserving  the  appearance  of  tbe  work,  the  hinges  are  made  of 
such  a  eurvature  towards  the  eye.  aa  to  seem,  when  painted,  a  part  ot  the  bead  itself  on 
that  side  where  tbe  knuckle  ia  placed,  an  that  when  bung  the  wbole  may  appear  to  be  one 
bead. 

S150.  Tlie  section  of  a  door  atyle,  and  part  of  the  htmgitig 
ttylt  at  the  joint,  are  repreaented  in  A  and  B  (fig.  T6I.). 
wherein  the  centre  of  the  bead  on  each  side  ia  in  tbe  line  of 
the  stiaight  part  of  the  joint  from  the  opponte  side.  In  thii 
figure,  C  is  the  centre  of  tbe  bead,  AG  part  of  the  Joint  in 
a  line  with  it*  edge.  Joining  AC,  draw  AB  perpendicular 
thereto.    The  other  part  BU  is  perpendicular  to  £F,  which 


Ciur.  III. 

b  the  &ee  of  the  door  i 

UTt  m  point  of  do  meao  imporUoce  In  thii  clin 
9151.  lu/g.  16'2.  A  wd  B  aihibit  ■  plmu 
this  oue,  the  pUoB  of  the  joint  ii  *  l«agent 
and  as  the  mu-gin  on  each  lidc  ii  dike,  no  cht 
hinge,  mareover,  U  luch  that  it  aiuot  be  ma 


joint,  beaded  siniilarlj  on  both  sidet.  Id 
J  the  oylindriml  nirbeea  of  the  two  beads ; 
k  to  the  niih  of  cold  air  U  aflbrded.  The 
ie  in  the  anul  manner,  but  mutt  be  (brmed 


I  ii  ii  i 


3153.   Fig.  T63.  A  and  B  represent  a  hinging  wherein  the  plane  of  tl 
aide  ii  directed  to  the  axil  of  the  bead  oa  the  other,      llie  pr      '  '     '      ' 
that  in^jr-  7G1-,  and  it  maj  therefore  be  hinged  with  eommon  hingea,  ai 
which  the  two  part*  are  conjoined.     Tlie  melhodi  shown  in  this  sndjlji.  Tdi.  are  iiaeiui  in 
caaes  wberun  a  part  of  the  margin  is  concealed  oa  one  side  of  the  door. 

3\59.  Fig.  76*.  A  and  B  e^bit  the  beads  of  timilai  sin  on  each  side,  and  exactly 
opposite  to  each  other,  the  Joint  being  broken  hj  indenting  ■  part  terminated  by  a  plans 
directed  to  the  aiii  of  the  two  opposite  beads.  The  hinges  are  required  merely  of  the 
oonimon  form,  the  arrangemcDt  is  strong,  and  the  apartment  rendered  comfortable  by  their 
use.      In  C  the  parts  are  ihown  as  hinged  together. 

SIS*.  la  Jig.  765.  the  beads  are  on  both  sides,  but  not  on  the  game  piece,  aa  in  the  last 
figure.  The  appearance  ii  uniform,  but  the  bead,  which  projects  the  whole  of  its  thickuessi 
ia  weakened.      The  Junction  is  aeen  in  the  repreaentation  at  C 


3155.  Fig.  766.  ii  a  method  that  has  been  adopted  ibr  ooneealing  the  hinges  of  shutters. 
A  ia  the  inner  bead  of  the  sash-frame,  B  the  inside  lining,  C  the  style  of  the  shutter.  For 
the  fbnn  of  the  joint,  let  a/  he  the  ftce  of  the  shutter,  petpendioular  to  or  the  lace  of  the 
inside  lining.  Let  the  angle  /  n,  r  be  bisected  by  the  straight  line  aa,  and  in  the  centre 
take  e.  Draw  dd  peipenfScu'lar  to  aa,  cutting  it  in  c,  which  is  the  centre  of  the  hin^. 
From  c,  a*  a  centre,  describe  the  arc  am,  which  must  be  hollowed  out  from  the  inside 
lining  of  the  sath  through  the  height  of  the  shutter.  In  order  to  make  room  for  the  opeu. 
Ing  uid  shutting  of  the  hinge,  the  internal  right  angle  of  the  abutter  must  be  cut  out  of  ita 
edge  to  the  breadth  of  the  hinges.  The  briU  of  the  hinge  are  here  for  the  purpose  of 
strengthening  them,  represented  of  different  lengths. 

3156.  lofig.  TG7.  the  hinges,  which  are  fbr  a  door,  are  concealed,  as  the  door  allows  it 
in  the  thickness  of  the  wood,  the  ends  of  the  hinges  being  of  equal  lengths. 

S15T.  Fig.  T68.  shows  the  common  method 
of  iungeing  shutters,  a  mode  wherein  the  whole 
thickness  of  the  binge  is  let  into  the  thickness 
of  tha  shutter,  the  inside  lining  being  assumed 
as  too  thin  to  aBbrd  niflicient  hold  for  the 
■crews  employed  to  bsten  them.  H 

2158.   F^.  769.  exhibits  the  hanging  of  «    | 
door  with  the  centres  concealed.      Let  ad  be 

thesideof  thejambincontactwiih  the  edge  of  fii.tb,  Fif.m. 

the  door  i  bisect  it  in  £,  and  draw  6c  perpendicular  to  ad,  make  be  equal  to  ba  ai  bd,  and 
join  ae  and  ed ;  from  e,  aa  a  centre,  describe  the  arc  a€d,  which  will  abow  the  portion  to 
be  hollowed  out  of  the  jamb.  The  centres  are  fixed  to  the  upper  and  under  parts  of  the 
door,  and  the  former  is  to  be  so  constructed  as  to  allow  its  b«ng  taken  out  of  the  socket 
to  unhang  the  door  when  required. 

3159,  Bhuttera  are  usually  hui^  in  the  way  represented  injl;.  7Ta,  whernn  the  centre 
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of  tho  knuckle  of  the  hinge 
is  exactly  opposite  to  the 
perpendicular  part  of  the 
rebate.  The  dotted  lines  ex- 
hibit the  flap  when  folded 
back. 

SI 60.  When   the  axis  of 
the  knuckle  cannot  be  dia* 


ng.  771. 


Pig.  771. 


posed  so  as  to  &11  opposite  to  the  joint,  the  hinge  is  to  bo  placed  as  shown  in  fig,  771, 
Thus,  ah  being  the  distance  of  the  edge  of  the  flap  from  that 
of  the  shutter,  bisect  it  in  c,  which  will  be  the  point  opposite 
whereto  the  centre  of  the  hinge  is  to  be  placed.  This  ar- 
rangement is  necessary,  both  when  the  shutters  are  not 
square  at  the  ends,  and  when  the  boxing  is  restricted  in 
space ;  the  principle  being  to  place  the  centre  of  the  knuckle 
of  the  hinge  at  half  the  distance  of  the  edge  of  the  flap  from 
the  rebate  on  the  edge  of  the  shutter.  In  fig,  772.  the 
two  parts  are  shown  hmged  together. 

2161.  When  a  door  has  attached  to  it  any  projection,  and, 
when  open,  it  is  requisite  to  bring  it  parallel  to  its  place 
when  shut,  the  knuckle  of  the  hinge  (^fig,  773.)  must  project 
at  least  as  fitf  as  the  projection  in  question.  An  inspection 
of  the  diagram,  wherein  the  dotted  lines  show  the  situation 
of  the  door  when  folded  back,  will  sufficiently  convey  the 
mode  of  conducting  this  expedient 

2162.  Fig,  774.  is  the  representation  of  what  is  called  a 
rtcZe  jointt  which  is  used  when  the  piece  to  be  hung  is  not 
required  to  open  to  more  than  a  right  angle.  In  this  case, 
the  centre  of  the  hinge  is  necessarily  in  the  centre  of  the  are. 
In  fig.  775.  the  expedient  shows  the  method  turned  to  a 
right  angle. 

2163.  The  Tarious  methods 
of  hingeing  to  suit  every  po»- 
sible  case  would  occupy  a  very 
large  space,  were  we  to  enter 
into  them ;    and   even  after 

exhausting  all  the  cases  that  we  may  have  imagined,  others  would 
arise  to  which  no  example  given  might  be  applicable ;  we  there- 
fore leave  this  portion  of  the  subject  of  joinery,  under  an  impres- 
sion that  the  principles  have  been  sufficiently  developed  to  enable 
the  student  to  pursue  from  them  the  application  to  any  case  *hM^ 
he  may  be  called  upon  to  put  in  practice. 


I I 


FIff.  77S. 


Kg.  774. 


p*R.na. 


SASH-FKAMXS   AKD    SASUXS. 

2164.  In^.  760.  the  connection  between  the  shutters  and  sash-frame  has  been  fully 
explained;  we  may  now,  therefore,  proceed  to  the  detail  of  a  common  sash-frame  with 
its  sashes,  supposing  them  to  be  hung  so  as  to  be  balanced  by  weights,  suspended  by  sash- 
lines  running  over  pulleys,  capable  of  balancing  those  of  the  sashes  themselves.  On  the 
case  of  French,  tashe*,  which  open  like  doors,  we  do  not  think  it  necessary  to  dilate. 
They  are,  in  feet,  nothing  more  than  glazed  doors ;  and  the  principal  object  for  attainment 
in  their  construction,  is  to  prevent  the  rain  from  penetrating  into  the  apartments  they 
servci  as  well  where  they  meet  in  the  middle  as  at  their  sills,  which  is  a  subject  requiring 
much  care  and  attention.  ^ 

2165.  In^^r.  776.  u  shown  the  construction  of  a  sash-frame,  and  the  method  of  puttbg 
together  the  several  parts,  wherein  R  is  the  elevation  of  the  frame,  of  which  A  BCD  is  the 
outer  edge.  The  thinner  lines  at  EF,  GH,  FG,  are  grooves  whose  distances  from  the  edges 
of  the  sash-frame  LM  and  K I  are  equal  to  the  depth  of  the  boxing,  together  with  three- 
eighths  of  an  inch  more  that  is  allowed  for  margin  between  the  fece  of  the  shutter,  when,  in 
the  boxing,  and  the  edges  ML  and  KI  of  the  sash-frame  next  to  the  bead.  S  is  a  horizon- 
tal  section  of  the  sides,  whereon  is  shown  also  the  plan  of  the  siUL  T  is  a  vertical  section  of 
the  sill  and  top,  in  which  is  shown  the  elevation  of  the  puUy  style  m  and  »;  and  the  puUies  let 
into  the  pully  piece.  U  is  tlie  horizontal  section  of  the  sides,  showing  also  a  plan  of  the 
head  of  the  sssh-frame.  V  the  elevation  of  the  outer  side  of  the  sash-frame ;  the  outside 
Iming  being  removed  for  the  purpose  of  showing  the  work  within  the  sash-frame.  In  this 
fg  is  the  parting  trip  festened  by  a  pin ;  ecf  one  of  the  weights  connected  to  the  sash  by 
means  of  a  Ime  going  over  tlie  pulley  c,  the  other  end  being  fixed  to  the  edge  of  the  sashl 


C>Ar.  II!. 

The  weight  di  u  ni«de  equil  to 
one  half  the  ireight  of  the  uih. 
W  is  tbe  bnd  of  the  ndt-frmme 
belbn  put  together,  *nd  X  ihowi 
the  edge  of  W.      Yii.the  edge 
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manner  of  putting  the  stjlea  in 
it,  uid  Z  ii  the  plan  of  Y.  Fig. 
777.,  No«.  I.  and  S.,«re  Mctioni 
of  the  ailli  of  Mab-framn.  with 
■eetioiu  of  the  under  rail  of  the 
■ash,  ahowing  the  beM  method  of 
cooatructing  them,  in  order  to 
prcTent  laiu  from  driring  under 
the  ush-nuL  In  each  of  these, 
A  is  the  uution  of  the  bottom 
rail,  B  a  section  of  the  bead 
longued  into  the  nill,  C  a  section 
oftbeiiU.  Fig.  778.  exhibits lec- 
tiooa  of  tlie  meeting  rwls  of  the 
uDner  and  lower  laabe*,  with  lide 
s  of  the  upright  Iwrs; 


Cis 


rebate! 


■the  g 


and  hollow  moulding,  G  a  fillet. 
llie  smaller  letters  mark  the 
same  parts  of  the  under  sasb. 
F^.  779.  is  the  section  of  an 
upright  bar  with  the  plans  of  two 
horizontal  ban,  showing  the 
fiudtiuff  or  manner  in  which 
they  are  put  together  to  keep  the 
upright  bart  a*  strong  as  possible, 
ne  thicknea   of  the   tenon  in 


general  is  about  one  sixteenth  of  an  inch  to  the 
edge  of  the  hollow  of  the  aattsgal,  and  close  to 
the  rebate  on  the  other  side.  U  is  a  dowel  to 
keep  the  horizontal  bars  still  firmer  together. 
In  this  diagram  the  letters  refer  to  the  some  parts 
a*  in  the  preceding  figure ;  and  it  is  also  to 
be  obaerved,  that  nn  rebate  is  made  for  the  gists 
on  the  inude  meeting  rail,  a  grooYe  bung  made 
to  answer  that  purpose.  Fig,  780.  exhibits  four 
sections  of  sash  bat^  But  their  forms,  as  in  the 
ease  of  mouldings,  genersll;  depends  on  the  taste 
of  the  architect. 


8IG6.  Grounds  are  pieces  of  wood  framed 
together, and  attached  to  walUiaround  windows, 
doors,  or  other  openings  in  buildings,  for  the 
&Gilitf  of  filing  architraves  or  other  mouldings  upon  them  ^  in  all  tl 
to  be  fixed  vertical  on  the  lace  and  edge,  and  the  workman  should 
Bx  them  firm  and  solid  in  every  part ;  for,  without  aatanej  and  firm 
cannot  be  well  finished  to  them,  as  it  is  to  be  recollect^  that  in 
plaster  is  n-orked  to  Ibem. 
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SI  67.  In  fixing  window  grounds,  the  saah-fiume  mutt  be  first  carefully  placed  so  as  to 
stand  perfectly  vertical  (  and  then  the  face  of  the  ground  must  stand  quite  parallel  to  the 
fkce  of  the  sadwfVame,  and  project  about  three  quarters  of  an  inch  from  the  &ce  of  the 
naked  brickwork,  so  as  to  leave  a  sufiicient  space  for  the  thickness  of  the  plaster.  The  edge 
of  the  ground  should  be  in  the  same  plane  with  the  edge  of  the  sash-frame,  or,  as  the  work- 
men term  it,  **out  of  winding."  The  edge  of  the  architrave,  when  finished,  in  ordinary 
cases,  will  stand  about  three  eighths  of  an  mch  within  the  inner  edffe  of  the  sash-frame,  so 
that  a  perpendicular  line  down  to  the  middle  of  the  grounds  would  stand  exactly  opposite 
to  a  perpendicular  line  down  to  the  middle  of  the  sash«frame. 

PLOOBS. 

Si  68.  In  the  laying  of  floors,  the  first  care  to  be  taken  is  that  they  be  perfectly  level, 
which,  owing  to  the  nature  of  the  materials  whereof  they  are  constructed,  is  a  difficult  task. 
The  chief  sorts  of  floors  may  be  divided  into  those  which  are  foUed,  that  is,  when  the  boards 
are  laid  in  divisions,  whose  side  vertical  joints  are  not  continuous,  but  in  bays  of  three,  four, 
five,  or  more  boards  in  a  bay  or  fold ;  and  those  which  are  ttraigki  jomt,  in  which  the  side 
joints  of  the  boards  are  continuous  throughout  their  direction. 

As  soon  as  the  windows  are  fixed,  the  fioors  of  a  building  may  be  laid.  The  boards 
are  to  be  placed  on  their  best  face,  and  put  to  season  till  the  sap  is  quite  exhausted,  when 
they  may  be  planed  smooth,  and  their  edges  shot  and  squared.  The  opposite  edges  are 
brought  to  a  breadth  by  drawing  a  line  on  the  ftce  parallel  to  the  other  edge  with  a 
flooring  guage,  after  which  the  common  guage  is  used  to  bring  them  to  a  thickness,  and 
they  are  rebated  down  on  the  back  to  the  lines  drawn  by  the  guage. 

2169.  The  next  operation  is,  to  try  the  joints,  which,  if  not  level,  must  be  brought  so, 
either  hy  fierring  up  if  they  be  hollow,  or  by  adsing  down  if  they  are  convex,  the  former 
being  more  generally  the  case. 

2170.  The  boards  used  for  flooring  are  battens,  or  deals  of  greater  breadth,  whose  quali- 
ties are  of  three  sorts.  The  best  is  that  free  from  knots,  shakes,  sapwood,  or  cross-grained 
stuflf^  selected  so  as  to  match  wdl  with  one  another.  The  second  bat  is  firee  of  shakes  and 
sapwood,  and  in  it  only  small  sound  knots  are  permitted.  The  third,  or  most  common 
sort,  are  such  as  are  left  after  taking  away  the  best  and  second  best 

2171.  The  joints  of  flooring-boards  are  either  quite  square,  ploughed  and  tongued,  re- 
bated, or  dowelled ;  and  in  fixing  them  they  are  nailed  on  one  or  both  edges,  whoi  the 
joints  are  plain  and  square  without  dowels.  When  they  are  dowelled,  they  may  be 
nailed  on  one  or  both  ndes  ;  but  in  the  best  dowelled  work  the  outer  edge  only  is  nailed, 
by  driving  the  brad  through  the  edge  of  the  board  obliquely,  without  piercing  its  surface, 
which,  when  tiie  work  is  cleaned  ofl^  appears  without  blemish. 

2172.  In  laying  the  floor-boards,  they  are  sometimes  laid  one  after  the  other,  or  one  is 
first  laid,  then  the  fourth,  at  an  interval  of  something  less  than  the  united  breadth  of  the 
second  and  third  together.  The  two  intermediate  boards  are  then  laid  in  their  places  with 
one  edge  on  the  edge  of  the  first  board  and  the  other  upon  that  of  the  fourth  board,  the 
two  middle  edges  resting  against  each  other,  rising  to  a  ridge  at  the  joint.  In  order  to 
force  these  boards  into  theur  places,  two  or  three  workmen  jump  upon  the  ridge  till  they 
have  brought  the  under  sides  of  the  boards  dose  to  the  joints ;  they  are  then  fixed  in  their 
places  with  brads.  This  method  is  that  first  mentioned  under  this  head,  and  in  it  the 
boards  are  said  to  be  folded.  We  have  here  mentioned  only  two  boards,  but  four  boards 
are  most  commonly  folded  at  a  time,  and  the  mode  is  always  resorted  to  when  a  suspicion 
exists  that  the  boards  are  not  sufficiently  seasoned,  or  they  are  known  not  to  be  so.  The 
headings  of  these  folds  are  either  square,  splayed,  or  ploughed  and  tongued.  If  a  heading 
occurs  in  the  length  of  the  floor,  it  should  be  invariably  made  to  &U  over  a  joist,  and  one 
heading  should  not  meet  another. 

2173.  In  dowelled  floors  the  dowels  should  be  placed  over  the  middle  of  the  inteijoint 
rather  than  over  the  joists,  so  that  tiie  edge  of  one  board  may  be  prevented  from  passing  that 
of  the  other.  When  the  boards  are  only  bradded  upon  one  edge,  the  brads  are  concealed 
by  driving  them  in  a  slanting  direction  through  the  outer  edge  of  every  successive  board, 
with  piercing  the  upper  surftce.  In  adzing  the  under  sides  of  floor-boards  opposite  each 
joist,  great  care  should  be  taken  to  clip  away  the  stuff  stndght,  and  also  to  avoid  taking 
away  more  of  the  stuff  than  is  necessary,  in  which  case  the  soundness  of  the  floor  will  not 
be  compromised. 

FBAMIKO.  * 

2174.  In  fig*  781.  are  shown  several  methods  for  firaming  angles  in  dadoes,  skirtings, 
troughs,  and  other  objects,  whereof  A  exhibits  the  method  of  mitring  dado  on  exterior 
angles  in  an  apartment  In  fixing  this  together,  brads  may  be  driven  from  each  side.  B 
is  a  method  of  framing  used  for  troughs  or  other  rectangular  wooden  vessels.  C  is  a 
method  of  putting  dado  or  skirting  together  at  any  interior  angle  of  a  room.     This  mode 
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is  also  employed  for  waterotnmks,  or  troughs.  In  D  is 
shown  the  manner  of  fixing  and  finishing  two  pieces  of 
framing  together,  with  a  betul  at  their  meeting,  by  which 
the  joint  b  concealed.  It  is  used  only  in  common  finish- 
ings. In  those  of  a  better  sort  the  angle  is  kept  entire, 
and  only  a  three-eighth  bead  used  at  the  joint,  the  angle 
being  kept  entire.  It  is  a  great  point  in  aU  joiner's  work 
to  preserve  the  sharpness  of  the  angles  of  the  work,  and 
many  prefer  the  method  shown  in  F,  without  any  botd  at 
the  joint.  In  this  the  joint  is  made  as  close  as  possible, 
and  is  well  glued  together.  If  additional  strength  be  re- 
quired, blockings  may  be  glued  in  the  interior  angle, 
which  will  make  it  quite  firm.  The  method,  by  a  simple 
mitre  at  £  is  not  so  good  as  at  A,  because  it  has  no  abut- 
ment 

2175.  When  it  is  required  to  glue  up  large  work,  those 
edges  which  are  to  receive  the  glue  should  be  well  warmed 
at  a  fire,  and  then,  while  warm,  and  the  glue  as  hot  as 
possible^  they  should  be  united,  inasmuch  as  glue  never 
holds  well  when  it  is  chilled  or  cold. 


|5  :j^ 


r 


c 


L 


V-  -vy^  ■r.^^j 


is;       ^ 


^1 

/  .4. 


Fig.  781. 


STAIRS. 


SI  76.  Stairs  and  their  handrails  are  among  the  most  important  objects  of  the  joiner*s 
skill.  The  choice  of  situation,  the  design,  and  what  suits  the  general  convenience  of  the 
building,  suflElciency  of  light,  and  easy  ascent,  are  indeed  matters  for  the  exercise  of  the 
architect's  talent ;  but  all  these,  however  well  contrived  and  arranged,  are  incomplete  with- 
out a  clear  and  accurate  execution  of  the  work. 

2177.  There  are  some  leading  principles  which  are  common  to  all  staircases,  of  whatsoever 
materials  they  may  be  constructed.  Thus  it  is  a  maxim  that  a  broad  step  should  be  of 
less  height  than  one  which  is  narrower ;  and  the  reason  is  sufficiently  obvious,  because  in 
striding,  what  a  man  loses  in  breadth  he  can  more  easily  apply  in  raising  himself  by  his 
feet  Now,  as  in  common  practice  it  is  found  that  the  convenient  rise  of  a  step  1 2  inches  in 
width  is  5|  inches,  it  may  be  assumed  as  some  guide  fi>r  the  regulation  of  other  dimensions. 
Thus  12  X  5t>B 66,  which  would  be  a  constant  numerator  for  the  proportion.  Suppose,  for 
instance,  a  step  10  inches  in  breadth,  thenjtt«i6}  inches  would  be  the  height ;  and  this  agrees 
very  nearly  with  the  common  practice.  The  breadth  of  steps  in  the  commonest  staircase 
may  be  taken  at  10  inehes  ata  medium.  In  the  best  staircases  the  breadth  of  the  step  should 
not  be  less  than  12  inches,  neither  should  it  be  more  than  18  inches. 

2178.  Having  adjusted  the  proportions  of  the  steps,  our  next  consideration  is  to  ascer- 
tain the  number  of  risers  which  will  be  necessary  to  carry  us  from  one  floor  to  another. 
Suppose,  for  example,  the  height  from  the  top  of  one  floor  to  that  of  the  next  be  15  ft. 
ss  180  in. ;  here,  if  the  steps  are  each  of  6  inches  rise,  we  have  i|fi«i30,  which  is  the  number 
of  risers  necessary  to  ascend  from  floor  to  floor.  If  the  height  divided  by  the  rise  of  each  step 
should  not  jnve  an  exact  number  of  risers,  it  is  better  to  add  one  rather  than  diminish  the 
number.  Thus,  suppose  the  distance  from  floor  to  floor  to  be  13ft.  2  in.  k  158  in.,  then 
1|<  =  22|.   Here  it  would  be  better  to  take  23  risers,  for  the  steps  must  be  equal  in  height 

21 79.  The  width  of  the  better  sorts  of  staircases  should  not  be  less  than  4  feet,  to  allow  of 
two  persons  freely  passing  each  other ;  but  the  want  of  space  in  town  houses  often  obliges 
the  architect  to  submit  to  less  in  what  is  called  the  gwng  of  the  stair. 

21 80.  The  parts  of  every  step  in  a  staircase  are  one  parallel  to  the  horizon,  which  is 
called  the  tread  of  the  step,  terminated  on  the  edge  by  a  moulded  or  rounded  noting,  and 
the  other  perpendicular  to  the  horison,  which  is  called  the  riser  of  the  step. 

2181.  It  is  not  our  intention  to  detail  more  than  will  be  necessary  for  comprehending 
the  work  of  the  joiner  in  its  application  to  stairs,  which  have  many  varieties  of  structure, 
dependent  on  the  character,  situation,  and  destination  of  the  building.     To  this  end  we  ' 
shall  now,  therefore,  describe  the  method  of  carrying  up  dog'ietfjfedf  braekti,  and  geometrieal 
ataira. 

2182.  A  Doa-LKOGxn  Staiicasx  is  one  which  has  no  opening  or  well-hole,  and  in  which 
the  rail  and  balusters  of  the  progressive  and  returning  flights  fidl  in  the  same  vertical 
planes.  The  steps  in  it  are  fixed  to  strings,  newel,  and  carnages,  the  ends  of  the  steps  of 
the  inferior  kind  terminating  only  upon  the  side  of  the  string  without  any  housing.  Y  and 
Z  in^^.  782.  are  the  plan  and  elevation  of  a  staircase  of  this  kind ;  AB  is  the  lower  newel 
whereof  the  part  BC  is  turned.  On  the  plan,  a  is  the  seat  of  this  newel.  D£  and  FG  in 
Y  are  the  lower  and  upper  string  boards  framed  into  newels,  KL  is  a  joist  framed  into  the 
trimmer  L  The  lines  on  the  plan  represent  the  fiMses  oi  the  steps  in  the  elevation  without 
the  nosings.     MO  and  FQ,  are  called  the  upper  and  lower  ramps,  the  method  of  drawing 
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which  i)  H  foUon :  —  In  the  upper  nunp,  for  ei- 
ample,  produce  the  top  of  the  nil  H  M  to  P :  drair 
MN  Tcrtioili  and  produee  the  struglit  put  ON  of 
the  pitch  irf  the  nil  to  meet  it  in  N,  nulung  NO 
equal  to  NM.  Dn«  OP  at  a  right  angle  to  ON. 
From  P,  ai  a  centre,  de«eribe  the  an  MO,  and  then 
tiie  other  concentric  circle,  whicb  will  complete  the 
ramp  requind.  Theitorf  rod  US  ii  in  the  liiing  of 
•11  rtiircaiei  a  necowrv  iiutiument;  for  in  Hiing 
the  itepi  and  other  work  by  a  common  mcaauring 
rule,  tut  by  bit,  the  chances  are  that  an  eioett  or 
defect  will  occur,  to  make  the  itairciie  &ultj ; 
which  cannot  be  the  ca«  if  the  (tory  rod  ii  applied 
to  ercry  riter,  and  iuch  riser  be  r^ulated  thereby. 
3183.  A  BaACER  SriiacAaa  ii  one  which  tms 
Jtu  opening  or  well,  with  itringi  and  newela,  and  it 
■upported  by  landijigi  and  caniagea.  The  bradult 
are  mitred  to  the  end  of  eacb  riser,  and  fixed  to 
the  itring  board,  which  it  uiually  moulded  like  an 
architTBTe.  Id  tbit  tort  of  Kturoue  the  same  me- 
thods are  to  be  obierved  in  rtq>eot  of  dimenuoni 
and  laying  off  the  plan  and  section  ai  in  a  dog- 
legged  itaircase.  Nothing  is  to  be  done  without 
the  story  rod  juat  described,  which  must  be  con- 
stantly applivd  in  making  and  setting  up  the  stain. 
The  method  of  forming  the  ramps  and  kneee  hse 
been  touched  upon  in  the  preceding  article,  and  the 
few  partloulan  we  intend  to  give  reepecdng  scroll* 
and  handrailing  will  lie  reserred  for  a  subsequent 
page.  In  bracket  stairs  the  internal  angle  (^  the 
steps  is  open  to  the  end,  and  not  closed  by  the  string,  as  in  c 
the  neatnesB  also  of  the  workmandiip  is  as  much  attended  ti 
Tbe  balusters  should  be  nicely  doretailed  into  the  ends  of  tb 
&oe  of  each  front  tnduiter  is  to  be  in  a  plane  witb  the  front  t^ce  of  the  riser,  and  all  the 
balusters  being  equally  divided,  the  &ce  of  the  middle  oat  mutt  of  coarse  stand  in  the 
middle  of  the  face  of  the  riser  of  the  preceding  step.  The  treads  and  risen  are  pmiously 
alt  glued  up  and  blocked  ti^ether,  and  when  put  in  their  plaoea  the  under  side  of  the 
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S184.  A  OiOKiraicAL  SrAiHcAti  it  one  whose  opening  is  down  its  omtre,  or,  as  it 
is  called,  an  open  newel,  in  which  each  step  is  supported  by  one  end  being  fixed  in  the  wall 
or  partition,  the  other  end  of  every  step  in  the  ascent  hsving  an  suxUiary  support  from 
that  immediately  below  it,  beginning  fi^jm  the  lowest  one,  which,  of  ooune,  rests  on  the  fioor. 
Hie  steps  of  a  geometrical  staircase  should,  when  fixed,  have  a  light  and  clean  appearance, 
and.  for  strength's  sake,  the  treads  and  risers,  when  placed  in  poutioo,  should  not  be  leas 
than  1 1  inch  thick,  suppoung  the  going  of  the  stur  or  length  of  the  step  to  be  4  feet  For 
every  6  inches  in  length  of  the  step  an  eighth  of  an  inch  should  be  added.  The  risen 
should  be  doTCtiilcd  into  the  cover,  and  in  putting  up  the  steps,  the  treads  ore  scnwed  up 
from  below  to  the  under  edges  of  the  risen  Tlie  holes  for  sinking  the  heads  of  the  tcrewi 
ought  to  be  bored  with  a  centre  bit  and  fitted  closely  in  with  wood  well  molehed,  eo  that 
the  screws  may  be  entirely  concealed,  and  appear  as  a  uniform  sur&ce  without  blemish. 
Brackets  are  mitred  to  the  risers  and  the  nosings  are  continued  roundj  hut  this  practice 
induces  an  apparent  defect,  from  the  brockets,  instead  of  ^ving  support,  being  them- 
■elTes  unsupported,  and  actually  depending  on  the  steps,  being  indeed  of  no  other  use 
than  merely  tying  together  tbe  r  ten  end  treads  of  the  internal  angles  of  the  steps ;  and 
from  the  intenial  angles  being  holliiw,  except  at  the  ends,  which  terminate  by  the  wsil  at 
one  extremity,  and  bj  the  bracket  1 1  the  other,  there  is  an  appearance  of  incomplete  finish. 
Tbe  csTetlo  or  hollow  is  carried  al\  round  the  froai  of  tbe  slip,  returned  at  the  end,  and 
again  at  the  end  of  the  bracket,  then  te  along  tbe  inside  of  it,  and  then  along  the  internal 
angle  at  the  back  of  the  riser. 

eiS5.  The  ancient  mode,  however,  was  the  best,  in  which  the  wooden  was  an  imitation 
of  the  method  of  constTuctii;g  geometrical  stain  in  stone,  which  will  be  found  under 
Masonry,  in  the  previous  Section  Ill.i  that  is  tosay,  the  making  of  the  steps  themselves  solid, 
~     n  of  a  bracket  throughout  their  lensth.      This  is  s  more  eipon- 


cially  in  France. 


solid  and  good  one,  and  is  still  practised  on  the  Continen 
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2186.  Injff.TSa.  Xia  tbcpUnand  Y  theelevalion.  1 

Hureue.    AB  in  X 'a  wtiM  ii  ctUed  the  air-taa  ilt/i  (cu 

which  must  be  the  firal  Mep  filed.      CCC  ««     '  '  '"^^ 

the  fytri    aupported   firom  belov   bj   rough 

carriags,    and   partly   from  the  itring  board 

DHEP  in  Y.      'I1ie  and*  next  the  <rall  ue 

aometimea  homed  into  a  BOteb  board,  and  the 

atepft  then  ar«  mada  of  thick   wood  and  no 

caTiiaj^ea  lued.      GOG  an  windera   Jiied   to 

bearers  and    pitching  pieces,   when  carriages 

arc  used  to  support  the   llyen.      The    winders 

are  sometimes  made   of  strong     gtulT    firmly 

•edged  into  the  waU, 

the  steps    screwed   ti>- 

gether,  and   the    other 

ends  of  the  steps  fixed 

to  the  string  DEHF. 

In  oil  cases  of  wooden 


ciding  with  t] 


flow   the  steps.      HIK 
in  Y  is  the  wall  line  of  ri,.  lu. 

the  sofite  of  the  winding  part  of  the  stair.,  and  LMN  part  of  the 
rail  supponed  by  two  balusters  upon  every  step.     Where  the  space 
<.  of  the  going  of  the  stair?  is  confined,  the   French  have  long  sincg 

I  in  fy.  TS4.,  the  practice  of  placing  the  balusters  outside  the  steps,  which 
room  for  penoos  ascending  and  descending. 


SIST.  tbe  upper  part  of  the  fence  formed  by  capping  the  haluslert  of  stain  is  called  the 
Aoiufroii  whose  use,  as  iti  name  imports,  is  for  a  support  to  the  hand  in  the  ascent  and 
descent  of  stairs.  The  hand,  for  support  to  the  body,  should  glide  easily  over  it  without 
any  strain,  whence  it  is  evident,  that  to  be  properly  formed,  it  must  neoesaarily  follow  the 
general  line  uf  the  steps,  and  be  quite  smooth  sjid  free  from  inequalities.  It  mutt  be  ob- 
vious to  the  reader  who  has  thus  fiv  followed  ut  throughout  the  dilTerent  previous  portions 
of  our  labours,  that  the  chief  principle  of  handrailing  will  be  dependent  on  the  methods  of 
finding  sections  of  cylinders,  cyltndroids,  or  prisms,  according  to  three  given  paints  in 
or  out  of  the  sur&ce,  or,  in  other  words,  the  section  made  by  a  plane  through  three  given 
poinu  in  space,  like  cylinder,  cylindroid.  and  prism  are  hollow,  and  of  the  ssme  thick- 
ness as  the  breadth  of  the  rail,  oi  the  boriionUl  dimension  of  its  section  i  and  their  base*, 
their  planes  or  projecti<ms  on  the  fiooT-  Thus  is  formed  the  handrail  of  a  staircase  of  a  por- 
tion of  a  cylinder,  cylindroid,  or  prism  whose  base  is  the  plane  of  the  stair,  fin  over  this  the 
handrail  must  standi  and  is  therefiire  contained  between  the  vertical  surface  of  the  cylinder, 
cylindroid.  or  prism.  As  the  handrail  is  prepared  in  portions  each  whereof  stands  over  aqun- 
drant  of  the  circle,  ellipse,  or  prum  of  the  base  which  fhmis  the  plane,  such  «  portion  ma;  lie 
supposed  to  be  contained  between  two  parallel  planes,  sotliatthe  portion  of  the  handrail  may 
be  thus  supposed  to  be  contained  between  the  cylindrical,  cylindroidal,  or  prismatic  surfnccs 
jukd  the  two  parallel  planea.  l^e  parts  to  be  joined  together  fi)r  forming  the  rail  must 
be  so  prepared  that  in  their  place  all  the  sections  made  by  s  vertical  plane  passing  through 
the  imaginary  solid  may  be  rectangular:  this  is  denominated  rquarinff  tht  rail,  and  is 
all  that  can  h«  done  by  geometrical  rules.  But  handrails  not  being  usually  made  of 
these  portions  of  hollow  cylinders  or  cyliodroidE,  but  of  plank  or  thicknesses  of  wood,  our 
attention  is  naturally  drawn  to  the  eotiiideration  of  the  mode  in  which  portions  of  them 
may  be  formed  from  planks  of  sufficient  thickness.  The  fiices  of  the  planks  being  plsnn, 
they  may  be  supposed  to  be  contained  between  two  parallel  planes,  that  is,  the  two  fiices. 
of  the  plank.  Such  figure*,  therefore,  are  to  be  drawn  on  the  sides  of  the  plank  as  to  leave 
the  sur&ces  formed  between  the  opposite  figures,  portions  of  the  cylindrical,  cylindroidal, 
or  other  tur&cea  required,  when  the  Buper€uouB  parts  ore  cut  away.  A  mould  nude  in  the 
fimn  of  these  figures,  which  is  no  more  than  a  section  of  them,  is  called  the /ace  maidd. 

aiSS.  The  vertieal,  cylindrical,  or  cylindroidal  surlaces  being  adjusted,  the  upper  and 
lower  (urftces  roust  be  neat  fanned  i  and  thi*  is  accomplished  by  Iwnding  another  mould 
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round  the  oytindrind  or  ejUiidnndal  nir&ocoi  gtnenllji  to  tbi  coavex  nda,  and  dmwing 
linea  on  the  aurfiuw  round  the  edge  of  luob  mould.  Tbe  lupaTfluaui  vood  ii  then  cat 
awaj  fVom  top  to  bottom,  »  that  If  the  pieoa  vera  wt  at  it)  plaoe,  and  a  Knight  edge  »p. 
plied  on  the  ■urfaoei  »  fbnDsd,  and  parallel  to  the  horiion  directed  to  tbe  alia  of  the  vcU- 
hole,  it  irauld  coinoide  *ith  the  nu&oe.  The  mould  ao  applied  on  tbe  eoOTei  aide  for 
(biming  the  top  and  boltom  of  the  pieus,  ia  called  the  JaBing  madd.  For  tbe  purpoae  of 
finding  theae  moulds  it  ia  naoeamy  to  lay  down  the  plan  of  the  itepa  and  mil ;  neat,  the 
falling  mould,  vhieh  ia  r^uUted  bj  the  hnghts  of  the  atcpi ;  and  laaUf.  tbe  liiee  mould, 
which  ia  regulated  by  the  falling  mould,  and  ftimiahea  the  three  bcighta  alluded  V>. 

9IB».  Fig.lSS.  ei- 
failnta  two  of  the  mort 
unial  finmi  of  band- 
raili.  A  it  that  mort 
oonamonljr  employed, 
tbat  marked  B  i*  oalled 
a  (luf  >  loeK  nrif. 

8190. /Iff.  TSe.ihows 
the  metbod  of  drawing 


ing  tbe  handrail  at  the 
bottom  of  a  geometrical 
•taiioaae.  Let  A  B  be 
the  gif  en  breadth  ; 
draw  AE  peipendi- 
oular  to  AB,  which 
divide  into  eleren  equal 
parte,   and    make    AE 

JainBE,  biaect  ABin 
CandBEbF.  Make 
CD  equal  to  CF  and 
draw  DG  perpendi- 
oulartoAB.  From  F, 
with  the  radiua  FE  oi 
FB,    describe    an   are  n^TU.  IK.tm. 

outting  DG  at  O.  Draw  OH  perpendicular  to  BE  eutting  BE  at  O.  Draw  the  diagonals 
DOKand  lOL  perpendicuUr  to  DOK.  Draw  IK  par^  to  BA;  KL  parallel  to  ID, 
and  n  on  to  meet  the  diagooali.  From  D  u  a  centre,  with  the  diatanoe  DB,  doKribe  the 
am  BO.  Prom  I  ai  a  centre,  with  the  diatanoe  lO,  deacribe  the  arxi  OE.  From  K  aa  a 
oaotre,  with  tbe  diatancs  KK,  deacribe  the  arc  EH.  From  L  aa  a  centre,  with  tbe  distance 
LU,  describe  the  arc  HP.  Proceed  in  tbe  same  manner  and  complete  tbe  remaiiiiiig 
three  quarters,  which  will  flnish  the  out^de  of  the  acroll.  Make  BR  equal  to  tbe  breadtb 
of  the  rail ;  namely,  about  two  inebet  and  a  quarter.  Then  with  the  eeotre  D  and  diatanoe 
DR  describe  tbe  arc  RS,  with  tbe  centre  I  and  dinaoca  IS  deacribe  the  arc  5T,  and 
e  T  aud  diatancs  KT  deKnbe  the  ate  TU,  and  the  scroll  will  be  completed. 


3191.   Fig.  787.  gives  the  constnistian  of  the  eur-li 
II  ■!_»  i,  the  Tcneer  that  c ■'■      ' 


-avu,  oum  IS  [DC  Tcneer  taat  corera  the  riser ;  tfgh,  the  aocfng  of  tbe  ooter  o"  horiuatal 
partoflbeHepi  >M  tbe  bee  of  tbe  string  board,  and  mo  the 


Hep,  or  that  whieh  tiea  under  tb* 
-----  of  tbe  c  ■     ■      ■  ■ 


At.  III. 
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ST9 


91 9S.  Id  Jig.  TSS.  ii  ihownthe  carer  board  for  th«  cur-tail  itep,  abed  tni  ifgh  in  dotted 
linn  reprswDt  the  plan  of  tlie  Kiall ;  '9>9>'(,  the  nociuff  uf  the  curtail  ifep ;  I,  ■,  s,  i,  tli* 
nadiigs  and  endi  of  the  riieis.  The  circle  !,  S,  5,  &c.  a  de«ribed  from  Uie  centre  of  the 
•eroU,  and  divided  into  equal  parts  equal  to  the  diitancea  of  the  baluaten  from  centre  to 
centre,  and  linca  are  drawn  to  the  centre  of  the  acroll  in  order  to  aacertain  the  middle  of 


SI99.  The  waj  in  which  bodiet  are  glued  up  together  for  different  purpose!  sill  be 
gWen  below,  and  with  them  will  clow  thia  let'tion. 

S194.  Fig.  7B9.  »how>  at  A  a  •ection  of  two  boards  glued  up  edge  to  edge.  At  B  the 
bee  of  the  nne  i>  Men.  C  abows  the  section  of  two  hoardi  glued  edge  to  edge,  each 
piece  being  grooved,  and  a  fci^w  inserted  at  their  junction.  By  RimLlaT  means  a  board  may 
be  increased  to  uay  nidtb.  be  the  pieces  whereof  it  is  composed  ever  so  narrow.  D  shows 
two  boards  Gied  at  right  angles,  the  edge  of  one  being  glued  on  the  side  of  the  other.  A 
block  br  the  purpoic  c^  strengthening  the  jcdnt  is  fitted  and  glued  to  the  interior  tide. 


9195.  Fig.^90.  A  is  a  aeetion  of  two  boards  to  he  joined  at  an  oblique  angle.  Tliejr 
are  mitred  and  glued  togetber  with  a  block  at  the  angle.  B  shows  the  inner  Hdes  ot 
the  boards  so  fixed.     It  is  by  repeating  this  operation  thai  columns  are  glued  up. 

91 9e.  Fig.  791.  A  is  the  faction  of  an  architrsTe.  The  moulding  is  usually,  if  not 
always,  gined  to  the  board  ,  the  vertical  line  therefore,  showing  the  extreme  boundary  of 
the  moulded  part,  is  the  sec- 
tion of  the  piece  to  he  glued, 
B  is  the  &ce  of  ' 
trave,  C  and  D 
and  fropt  of  i' 
mouldad,  E  a 
with  the  butto 
■how  the  way 
two  parts  are  glued  together, 
and  F  shows  the  back  of  the 

which  are  used  for  the  pur- 
pose of  bringing  the  two  sur- 
bces  to  be  glued  togetber 
knocked  off  when  the  glue 
■luck. 

ai9T.  fiy.  79a;ei- 
bibit*  the  method  of 


the    elevation.      The 


are  all  parallel  to  the 
plane  of  the  base,  he- 
cause  oT  the  difficulty 
of  making  a  joint  with 
eurred  surfoce*.  which 
would  neccMarily  be 
the  case  if  they  all 
teoded  to  the  centre  of 


■re  the   two  bottom  "s-™- 

•ounea,  where  the  vertical  joints  are  made  to  break,  ai 
819B.   Id  Jig.  193.   i»  exhibited  the  mode  in  which 
purpoae  of  fomung  cylindtioal  nir&oe*.      Brackets  w 


II  m  the  eleratioD  A. 

leer*  arc  glued  ti^ether  for  tl 
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B  board.  Their  end)  are  perpendiculv,  and  a  caiity  it  left  between  tbem  aufficient  la 
reeeite  tbe  veneen  anil  wedges.  In  A  tbe  thin  part  in  the  fbrm  of  an  ate  ahowi  tba 
Teneen  ai  in  tbe  >t*t«  oT  glueing,  the  wedges  being  on  tbe  convex  aide.  B  iaaKction  of  the 
boud  and  bracket  The  work  when  putting  together  ahould  be  irj  and  warm,  and  the 
glue  ^ould  be  hot.  When  this  lait  haa  aet  hard,  the  wedgei  must  be  ilaekened,  and  the 
veneen,  which  now  form  a  Mild,  taken  out. 

2199.  Fig.79*.  ii  a  atrong  nietbod  of  forming  a  coneaTe  Hir&ce  by  lading  the  veneer 
upon  a  cylinder,  and  backinj;  it  with  blocks  in  the  form  of  bricks,  which  are  glued  to  tbe 
contei  lide  of  the  venMra  awl  to  each  other.  The  fibres  of  the  blocki  are  lo  Ik  as  neulj 
as  pouible  parallel  to  tbe  fibres  of  the  veneers.  A  ia  the  section  of  the  cylinder  vcne« 
and  blocks,  and  B  ihowa  the  eonvei  side  of  the  blocks. 

2300.  Fip.  795.  Is  another  mode  of  glueing  veneen  together  with  cross  pieces  screwad 
to  a  cylinder,  the  veneen  being  placed  between  the  fbrmer  and  the  latter. 


2201.  In  jiff.  796.  IS  shown  the  method  of  glueing  up  columns  in  pieces,  which  heie  are 
eight  in  number,  each  being  glued  to  the  other  after  the  nuumer  or  Jig.  790.  The  work- 
mail  should  be  carefiil  to  keep  the  joinla  out  of  the  flutes,  when  the  eolumni  are  to  be 
fluted,  by  which  the  lubwance  will  be  more  likely  to  prevent  the  joints  giving  way.  A  if 
a  section  of  the  column  at  top.  and  B  at  the  bottom.  After  gluL'ing  together,  the  octagons 
and  mitres  sliould  be  correctly  laid  down  for  the  true  fbrmatiou  <rf  tbe  .jointa.  In  B  are 
ihown  two  bevel),  one 
Ibr  trying  tbe  rattres. 
and  the  other  for  try. 

£•202.  Fig.  797.  ii 
the  mode  of  glueing  up 
the  base  of  a  column. 
It    is  formed  in  throe 

each  of  which  are  made 
to   break    joint    over 

horiiontal  joints  of  th« 

adjusted  as  to  fall  at 

mlld^fo^ing'^  ""■'"■ 

re-enteruig  angle.      After  the  glue  is    set  quite  hard, 

■■      rough  l!         ■ 


CHAr.  III. 


JOINERY. 
D  when  thej  are  vertical. 


A  ii  the  plan  ot  the  base  inserted, 
and  B  ii  the  elevation. 

2903.  The  fbrnuti™  of  a  madeni  Ionic  capital  la  given  in  fig.  T9S.,  wherein  A  ia  th« 
plan  inverted,  abowiog  ihe  method  of  placing  the  hlocka ;  and  B  is  the  elevation. 

3204.  Fig.  799.  ia  the  method  of  glueing  up  fur  the  leaves  of  the  Corinthian  capital.  A  ia 
the  plan  inverted,  and  B  it  the  elevatioa       'llie  abaoui  is  glued  up  in  the  same  manner 


S!05.  Fig.  BOO.  eihibits  the  mode  of  forming  a  cj'lindrieal  aarbce  without  veikcera,  by 
mean)  of  equidistant  parallel  grooves,  A  is  the  elevation,  and  B  Ihe  plan. 

3906.  Fig.  BOI.  eihiliiu  the  method  of  covering  a  conie  bodj.  It  iis  in  fact,  no  more 
tiian  covering  the  ftustum  of  a  cone,  and  is  accomplished  b;  two  concentric  area  terminated  - 
at  the  ends  bf  the  radii.  The  radius  of  Ihe  one  arc 
ia  the  whole  slant  aide  of  the  cone,  that  of  the  other 
is  the  slant  aide  of  the  part  cut  off.  In  this  case. 
the  gnwvea  are  directed  to  the  centre,  and  filled  in 
with  slips  of  vrood  glued  as  before.  The  plan  it 
abown  by  the  circle  ABC.  The  arc  HI  muat  be 
equal  to  the  circumference  ABC. 

SaOT.    Fig.  SOS.   ttaonn  the  >«me   thing   Kt  a 


9308.  Fig.  803.  shows 
a  globe  or  sphere  by  the 
bee  of  the  piece ;  B  the  edge  showing  1 
of  the  grooves;  C  shows  the  mould  for 
the  piece  to  the  true  curvature;  and  D 
of  two  pieces  put  together. 


ler  of  glueing  up 


A 


SS09.  An  aeoount  of  the  materials  used  by  the  slater  have  been  detailed  in  Chap.  II. 
Sect.  VIII.,  and  will  not  leave  na  much  to  say  on  their  application. 

S810.  The  tool*  used  by  this  artificer  are  the  leanltf,  which  ia  a  guage  by  which  slate* 
are  regulated  to  their  proper  length;  the  nwirl;  the  jloMiiieri  the  ia;r,  an  instrument 
for  cutting  the  slates  ;    a  stnall  ianrlpici,  and  a  hod  and  board  for  mortar. 

331 1.  Slating  is  lud  in  inclined  courses,  banning  from  the  eavea  and  working  upwards, 
the  eouraea  nearest  the  ridge  of  the  roof  being  le«  in  width  than  those  below.  The  lap  of 
on*  slate  over  another  is  called  its  bond,  and  it  ii  the  distance  between  the  nail  of  the  under 
(late  and  the  lower  end  of  the  upper  slate.  The  btd  of  t  slate  is  ita  under  aide,  and  Ihe 
upper  side  is  catted  iti  baeli.  The  part  of  each  course  which  is  exposed  to  the  weather 
ii  called  its  margin.  The  slatci  are  nailed  to  close  or  open.bo«rding  lying  on  the  back  of 
the  raften  with  nails,  which  should  be  of  copper  or  one.  If  iron  nails  are  used  they  should 
be  well  painted.  The  operation  of  cutting  or  paring  the  side  and  bottom  edgea  of  th* 
Pp!> 
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slates  is  called  trimndng  them ;  but  the  head  of  the  slate  ia  never  cut  In  that  part 
holes  are  pierced  through  the  slates  by  vhich  the  nails  pass  to  the  boarding.  The  ope- 
rations of  the  slater  are  of  so  simple  a  nature,  that  we  do  not  further  think  it  necessary  to 
detain  the  reader  on  this  section,  which  with  that  of  Sect  VIII.  Chap.  II.  in  this  Book 
affords  all  the  information  that  can  be  required. 


SXCT.  VII. 
PLUMBXET. 


2212.  The  plumber  has  but  few  working  tools,  for  the  Ability  with  which  the  metal  in 
which  he  works  is  wrought  does  not  render  a  variety  necessary,  llie  principal  are  —  a  heavy 
iron  Aammer,  with  a  short  but  thick  handle.  Two  or  three  different  sixed  woodem  malleiB, 
and  a  dreuirtff  and  flatting  tool,  which  is  made  of  beech  wood,  usually  about  1 8  inches  long 
and  2)  inches  square,  planed  smooth  on  one  side,  and  rounded  on  the  other  or  upper  side. 
It  is  tapered  ana  rounded  at  one  of  its  ends  for  convenient  grasping  by  the  workman.  Ita 
use  is  to  stretch  and  flatten  the  sheet  lead,  and  dress  it  into  the  shape  required  for  the 
various  purposes  whereto  it  b  to  be  applied,  by  the  use  of  its  flat  and  round  sides  as 
wanted.  The  jack  and  trying  planet,  similar  to  those  used  by  carpenters,  for  planing 
straight  the  edges  of  their  sheet  lead  when  a  regular  and  correct  line  is  requisite.  They 
also  use  a  line  and  roller  called  a  eheUk  line,  for  linins  out  the  lead  into  different  widths. 
Their  cutting  tools  are  cHImIs  and  gouget,  of  different  sites,  and  cutting  kniveg.  The  latter 
are  for  cutting  the  sheet  lead  into  strips  and  pieces  to  the  division  marked  by  the  chalk 
line.  They  use  b\bo  Jlle*  of  different  sizes  for  miaking  cistern  heads  to  pipes,  for  pumpwork, 
&c.  For  the  purpose  of  soldering,  they  have  a  variety  of  diflRsrent  sized  grazing  irone^ 
which  are  commonly  about  IS  inches  long,  tapered  at  both  ends,  the  handle  end  being 
turned  quite  round  to  allow  of  its  being  held  firmly  in  the  hand  whilst  in  use.  The 
opposite  end  is  spherical,  or  more  usually  spindle-shaped,  and  proportioned  to  the  different 
situations  for  which  they  are  required.  The  grozing  iron  is  heated  to  redneas  when  in  use. 
The  iron  buUea  are  of  three  or  four  sizes,  and  used  for  the  purpose  of  melting  lead  or  solder. 
The  plumber's  metuuring  rule  is  2  feet  long,  in  three  parts,  each  of  8  inches.  Two  of  the 
legs  are  of  box-wood,  and  the  third  of  steel,  which  is  attached  to  one  of  the  box  legs  by  a 
pivot  whereon  it  turns,  and  shuts  into  the  other  l^ps  in  a  groove.  The  steel  1^  is  usdFul 
for  passing  into  places  which  the  plumber  has  to  examine,  into  which  anything  thicker 
would  not  easily  enter,  and  it  is  often  used  also  for  removing  oxide  or  other  extraneoua 
matter  from  the  surface  of  the  heated  metaL  The  plumber  moreover  ia  provided  with 
centre  bite  of  aU  sizes,  and  a  stock  to  work  them  in,  for  perforating  lead  or  wood  where  pipes 
are  to  be  inserted,  as  well  as  with  compasses,  for  striking  out  circular  portions  oi  leiuL 
Scales  and  weights  are  also  in  constant  requisition,  as  nothing  done  by  the  plumbor  is 
chargeable  tiU  the  lead  is  weighed. 

22 1 3.  The  method  most  commonly  adopted  in  laying  sheet  lead  for  terraces  or  flats,  ia 
to  place  it  on  a  surface  as  even  as  possible,  either  of  boarding  or  plastering.  If  boards  are 
employed,  they  should  be  sufliciently  thick  to  prevent  warping  or  twisting,  which,  if  it 
occur  soon,  causes  the  lead  to  crack  or  to  become  unsightly.  As  riieeti  of  lead  are  not  more 
than  about  6  feet  in  width,  when  the  area  to  be  covered  with  them  b  large,  joints  become 
necessary,  which  are  contrived  in  various  ways  to  prevent  the  wet  from  penetrating.  To 
do  this,  the  best  method  is  that  of  forming  rolls,  which  are  pieces  of  wood  about  2  inches 
square  extending  in  the  direction  of  the  joint,  planed  and  rounded  on  their  upper  side. 
These  being  fiwtened  under  the  joints  of  the  lead  between  the  edges  of  the  two  sheets 
which  meet  together,  one  is  dressed  up  over  the  roll  on  the  inside,  and  the  other  over  both 
of  them  on  the  outside,  whereby  all  entry  of  the  water  is  prevented.  No  fastening  is  re- 
quired other  than  the  adherence  of  the  lead  by  close  hammering  together  and  down  on  the 
flat :  indeed,  any  fiwtening  would  be  ii\)urious,  as  by  it  the  lead  would  not  have  free  play 
in  its  expansion  and  contraction  from  heat  and  cold.  If  rolls  are  not  employed,  which 
from  their  projection  are  in  some  cases  found  inconvenient,  teams  are  substituted  for  them  ; 
but  they  are  by  no  means  equal  to  the  roll  either  for  neatness  or  security.  They  ore 
formed  by  merely  bending  up  the  two  edges  of  the  lead,  and  then  over  one  another,  and 
then  dressing  them  down  close  to  the  flat  thoughout  their  length.  Though  some  solder 
the  joints,  it  is  a  bad  practice*  and  no  good  plumber  will  do  it,  for  the  same  reaaon  as  that 
just  given  in  respect  of  fiutenings  in  flats.  A  leaden  flat,  as  wdl  as  a  gutter,  should  be  laid 
with  a  fidl  to  keep  it  dry.  A  quarter  of  an  inch  in  a  foot  is  sufllcient  inclination  for  lead, 
if  the  sheets  be  SO  feet  long,  so  that  in  this  case  they  will  be  5  inches  at  one  end  higher 
than  at  the  other.  This  giving  a  current,  as  it  is  called,  is  usually  provided  for  by  the  car> 
penter  previous  to  laying  the  lead. 

221 4.  Round  the  extreme  edges  of  flats  and  gutters  where  lead  is  used,  are  fixed  pieces 
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of  milleil  lead  vhuh  are  called  fioMtigt.  When  (be  lead  work  is  bouaded  b;  m  trail  of 
brick  or  stone  work,  the  fluhioga  are  paned  oo  me  edge  into  and  between  a  Joint  of  tbe 
work,  and  the  cdgH  of  the  flat  or  gutter  being  bent  up,  the  othei  edge  of  the  Haahlng  ii 
dreaaed  mer  it  If  then  be  nojfHut  into  which  the  flashing  can  be  inserted,  it  u  fiuteoed 
on  that  ude  with  vail  hooka.  Dript  in  flat*  and  gutters  are  uaed  when  tbe  length  of  Ibe 
gutter  or  flat  ii  Kreater  than  the  length  of  tbe  aheei  of  lead,  or  Knnetinicfl  for  convenience, 
or  to  aTOid  joining  lead  bj  aoldering  it.  Tbej  are  formed  by  raising  one  -part  above 
■oothcT,  and  dreasLng  the  lead  round,  ai  has  been  dacribed  for  rolls. 

9315.  Ilie  pipes  uscdlbr  tbe  purpoees  of  building  are  proportioned  to  their  uses,  l^oae, 
for  instance,  Ibr  carrying  away  the  s<nl  from  a  wat«r  cloaet,  or  tbe  conveyance  of  wat«r  from 
nwfr  and  sink^  arc  of  ooursc  of  laiger  diameter  than  those  called  atreice  pipa,  which  are 
menly,  as  their  name  implies^  (or  laying  on  water. 

Tabu  of  tbb  WuaRi  nr  Luom  Piria. 
Kpes  of  ]-iDcb  bore  w^fa  per  yard  lOlba. 
Pipe*  of  1 -inch  bora  —  ISlba. 

I^pes  of  li-incb  bore  —  I6lba. 

Pipes  of  1 1-inch  bore  —  ISlba. 

Pipes  of  l|-iDch  bore  —  31  lbs. 

Pipes  of  S-inch  bore  —  24  lbs. 

9316.  The  work  of  tbe  plumber  is  estimated  by  its  weight  and  the  time  employed  in 
filing  it.  Tbe  wngbts  and  thiekoeae*  of  different  sizes  of  sheet  lead  have  been  already 
givoi  in  Chap.  IL  Sect.  VI.  of  this  Book. 

231 T.  Tbe  lead  gmetally  used  in  roofing  and  guttering  is  from  T  to  1 3  lbs.  to  tbe  su. 
perflnal  foot,  and  great  vigiUnee  on  the  part  of  the  architect  is  required,  in  these  days  of 
coDtraetSito  see  that  bis  employer  baa  tbe  tluGluus%OT,  which  is  tbe  same  thing,  tbe  weight 
that  baa  been  oontraeted  (br. 

831S.  We  do  not  think  it  necessary  to  describe  at  len^  the  nuchiner?  of  a  water 
dooet.  Every  one  knows  that  tbe  principle  on  which  it  a  fbimed  is  that  of  a  head  of 
water  in  a  cistern  placed  above  it,  which  by  means  of  a  lever  attached  to  a  valve  in  the 
cistern  allowi  a  body  of  water  to  rush  down  and  irash  the  basin,  whose  valve  is  opened  for 
tbe  discharge  of  the  soil  at  Ibe  same  moment  that  the  water  ia  let  down  fi;om  the  cistern. 
Various  instrumenta  for  this  purpow  have  been  contrived  and  patented,  but  we  ore  not 
aware  of  any  better  than  those  which  were  made  by  the  late  Mr.  Brsmah,  almott  as  hhhi 
as  the  sutueet  fbrmed  a  matter  of  inquiry.  The  reader  will  obtain  by  the  inspection  of 
one  a  for  better  notion  than  words  or  diagrajnn  will  convey. 

3919.  As  it  is  a  branch  of  the  plumber's  trade  to  find  and  fix  tbe  pvmpa  for  the  supply 
of  water  to  a  dwelling,  we  think  it  right  to  furnish  a  descripiion  of  the  three  sorts  com- 
monly used,  which  ore  the  fi/Ha^,  the  fonuivoH,  and  the /oru /nuip. 

9990.  fijr.  804.  is  a  diagram  of  a  lifting  pump,  in  which  ABCD  is  a  abort  cylinder 
submerged  in  the  well  or  other  reservoir,  whence  tbe  water  ii  to  be  rained.  In  this 
eylindcT  a  valve  is  placed  at  *,  above  which  the  pipe  or  tube  CE 
is  carried  upwards  ss  high  as  is  requisite  lor  the  delivery  of  the 
water.  In  tbe  cylinder  AD  a  water-tight  piston  moves  vertically, 
b«ng  worked  by  rod  or  framework  as  seen  in  tbe  diagram.  To 
this  piston  is  flied  a  valve  at  b  opening  upwards.  On  tbe  descent 
of  tbe  piston  tbe  prendre  againat  the  water  opens  the  valve  s.  and 
tbe  cylinder  between  the  two  valves  is  filled  with  the  water.  When 
tbe  piitoa  is  then  laised,  the  water  between  the  valves  being 
pressed  upwards  sgainst  the  valve  x,  opens  it,  end  ii  driven  into 
the  tube  C£,  (irom  which,  on  the  renewed  descent  of  tbe  piston,  its 
returoiKinlercepted  by  the  valve  z.  The  water  follows  the  piston  in 
its  ascent  by  tbe  hydroatalic  pressure  of  the  water  in  the  rimervoit 
outnde  the  cylinder ;  and  on  the  next  descent  of  the  piston  the 
water  will  again  pan  tbnnigh  the  valve  v,  and  will  be  driven 
through  tbe  valve  t  on  its  neit  ascent  It  is  manifest  from  ii 
•paction  that  tbe  valve  z  relieves  tbe  valve  e  from  the  pressure  of 
the  column  of  water  in  the  tube  CE  during  the  descent  of  the 
piston  1  for  if  the  valve  e  were  subject  to  that  pressure  during 
the  dcaocnt  of  tbe  piston,  it  could  not  be  opened  by  the  pressure 
of  tbe  water  in  the  well,  inasmuch  as  its  level  ia  uecenarily  below 

tbe  level  of  the  water  in  the  pipe  CE,      The  valve  o  prevents  the  L_        

Tttum  of  the  water  through  Uw  piston  during  its  ascent.      Id  Fia.aM. 

rai«ng  tbe  piston  a  force  ia  r«|uired  Bufficient  to  support  the  entire  column  of  water  from 
the  valve  s  to  tbe  sur&ce  of  the  water  in  the  tube  CE.  To  estimate  this,  we  must  lake 
tbe  weight  of  a  column  of  water  whose  baae  is  equal  to  the  area  of  a  section  of  the  piston. 
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and  whose  height  is  equal  to  that  of  the  surfiuse  of  the  water  above  the  Talre  o  in  the  tube 
C£.  Hence,  after  each  stroke  of  the  pump,  the  pressure  on  the  piston  and  the  force 
necessary  to  raise  it,  will  be  increased  by  the  weight  of  a  column  of  water  whose  base  is 
the  horiKontal  section  of  the  piston,  and  its  height  equal  to  the  increase  which  the  elevation 
of  the  column  in  CE  receives  from  the  water  driven  through  the  valve  x.  In  the  figure 
ed  is  the  piston,  the  bottom  of  whose  rod  is  at  6 ;  m  and  n  are  rods  which  connect  it  with 
the  upper  part  of  the  work,  and  WW  is  the  level  of  the  water  in  the  well. 

2221.  The  common,  or  as  it  is  usually  called,  mctiom  pump 
(shown  in  Jig,  805. ),  is  nothing  more  than  a  large  syringe  con- 
nected with  a  tube  whose  lower  extremity  is  plunged  in  the  well 
from  which  the  water  is  to  be  raised.  The  tube  is  called  a  tuetion 
pipe  (SO),  and  its  end  in  the  well  is  represented  b^  O,  which,  for 
the  purpose  of  preventing  the  ascent  of  solid  impurities,  that 
might  choke  the  pipe  and  impede  its  action,  is  pierced  with  holes 
like  a  strainer.  At  the  upper  end  of  this  suction  pipe  is  placed  the 
valve  X  opening  upwards.  At  this  place  the  tube  is  connected  with 
another,  BC,  which  acts  as  a  great  syringe,  and  in  which  works  a 
piston  having  a  valve  at  o,  also  opening  upwards.  The  piston  is 
worked  alternately  upwards  and  downwards  in  common  pumps  by 
a  lever  called  the  brde,  but  it  may  be  worked  in  many  ways.  In 
the  figure,  W  is  the  level  of  the  water,  CD  the  Jiange,  where  the 
lower  valve  is  fixed,  cd  the  piston,  ab  the  piston  rod,  and  MN  the 
cistern  into  which  the  water  is  raised  and  delivered  by  its  gravity 
at  the  noxzle  of  the  pump  e.  At  the  commencement  of  the  opera- 
tion the  water  in  the  suction  tube  stands  at  the  same  height  as  the 
water  in  the  well,  being  equally  subject  to  the  atmospheric  pres- 
sure; but  as  soon  as  the  syringe  BC  exhausts  the  air  by  the 
upward  and  downward  action  of  the  piston  cdf  the  pressure  of  the 
air  in  SO  being  diminished  and  rendered  less  than  that  on  the 
surface  of  the  water  in  the  well,  will  rise  in  SO  by  the  atmospheric 
pressure ;  and  as  the  air  becomes  more  completely  exhausted  in 
the  column  of  water  in  the  tube  SO  below  the  valve  x,  so  will  its 
pressure  on  the  surface  of  the  column  be  diminished,  and  whilst 
that  diminution  goes  on,  the  height  of  the  column  will  increase. 
If  the  air  could  be  entirely  withdrawn  from  the  tube  SO,  and  a 
perfect  vacuum  created  beneath  the  valve  x,  similar  to  that  existirg  above  the  mercury  in 
a  barometer,  then  the  atmospheric  pressure,  acting  with  undiminl^^hed  effect  on  the  sui^e 
of  water  in  the  weM,  would,  in  the  tube  SO,  sustain  a  column  of  water  equal  to  a  column 
of  mercury  of  the  same  base  and  of  the  same  height  as  the  morcury  in  the  barometer. 
Now,  the  specific  gravity  of  mercury  being  IS^  times  greatet  than  that  of  water,  a  force 
capable  of  sustaining  a  column  of  mercury  SO  inches  high,  would  sustain  a  column  of 
water  equal  to  SO  inches  x  131 —405  inches  >:  33^  feet  But  an  absolute  vacuum  is  never 
formed,  and,  moreover,  in  this  country,  as  the  barometric  column  varies  between  28  and 
31  inches  in  height,  the  valve  x  should  on  no  account  be  more  than  28  feet  above  the 
level  of  the  water  in  the  well,  taking  into  consideration  all  the  attendant  circumstances. 
This  is  the  construction  and  principle  upon  which  the  common 
household  pump  is  formed,  and  in  it  no  other  aid  is  derived 
from  atmospheric  pressure  than  what  we  have  already  stated  ; 
hence  the  pump  requires  as  much  force  to  work  it  as,  in  general 
terms,  is  equal  to  the  weight  of  all  the  water  in  it  at  any  time, 
the  atmospheric  pressure  affording  no  aid  to  the  workman.  The 
cistern  at  the  top  is  placed  for  the  purpose  of  affording  an  un- 
intermitted  discharge  of  the  water  by  holding  more  than  the 
whole  accumulation  of  water  which  U  contrived  to  be  greater 
than  the  spout  or  nozzle  will  discharge. 

2222.  The  forcing  pump,  whose  construction  u  shown  in 
Jig.  806.,  is  a  combination  of  the  common  suction  and  lifting 
pump.  CEFD  is  a  suction  pipe  descending  into  the  well,  and 
at  its  top  is  the  valve  V  opening  upwards.  The  pump  barrel 
ABCD  b  furnished  with  a  solid  piston  cd,  whose  rod  is  oft, 
without  any  valve.  From  the  side  of  the  barrel,  just  above  the 
suction  valve,  a  pipe  proceeds,  communicating  with  an  upright 
cylinder  GH,  carried  to  such  height  as  the  water  is  intended  to 
be  raised.  At  the  bottom  of  this  cylinder  is  placed  the  valve  V 
opening  upwards.  At  the  commencement  of  working,  the  suction  pipe  CE  and  the 
chamber  between  the  piston  and  valves  are  filled  with  air.  When  the  piston  descends 
to  the  valve  V,  the  air  enclosed  in  the  latter  chamber  beooines  condensed,  and  opening. 
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tberefiKV,  ths  vdve  V,  a  part  of  it  eaeapes  through  il.  On  niisiag  the  pUtoD  the  air  below 
it  becomn  partiallj  eihausted,  and  that  in  the  suction  pipe,  opi^iung  the  ralve  V,  b;  iti 
greater  preaaure.  eipaoda  into  the  upper  chamber.  A  part  of  this  ia  expelled  vben  the 
piiton  neit  d(«;enda,  by  means  of  the  valve  V.  This  action  it  limilar  to  that  of  an  ur 
pump  or  exhauiting  syrin^  When  by  the  repetition  of  this  action  the  air  ia  suf- 
ficiently  exhouited,  the  atnutapheric  preaaure  upon  the  water  in  the  well  cauaea  the  water 
to  riiie  therclrom  through  the  luction  pipe  and  the  valve  V,  into  the  chamber  between  the 
piiton  and  the  volvea.  When  the  pLaton  next  descends  it  preeses  on  the  auriace  of  the 
water,  and  the  valve  V  opening  upwards  prevents  the  return  of  tlie  water  into  the  auction 
pipe,  while  the  pressure  of  the  piston  being  transmitted  by  the  water  to  the  valve  V,  opens 
It,  and  ai  the  piston  descends,  the  water  passea  into  the  tbrce  pipe  GH.  On  the  next 
ascent  of  the  piston  more  water  jb  allowed  to  pass  through  the  valve  V,  and  the  next  descent 
forces  this  water  through  the  valve  V  into  tlw  force  pipe.  By  repealing  the  tclioo  the 
quantity  of  water  in  the  force  pipe  iiicrouee,  receiving  equal  additions  at  each  descent  of 
the  piston.  It  is  obvious  that  the  position  of  tbe  force  pipe  is  a  nutter  of  no  moment ;  it 
toa)'  be  petpendieular,  oblique,  or  horisontol ;  for  in  each  case  the  water  will  be  propelled 
through  it.  When  tbe  piston  is  pressed  downwards,  and  the  valve  V'  is  opened,  it  is  neces. 
•try  that  the  fbree  working  the  piston  should  balance  the  weight  of  the  column  of  water 
in  the  force  pipe,  for  thia  weight  is  transmitted  by  the  water  between  the  piston  and  force 
pipe  10  the  bottom  of  the  piston  ;  the  height,  therefore,  of  the  oolumn  of  water  in  the  force 
pipe  will  measure  tbe  intensity  of  the  pressure  against  the  base  of  the  piston  when  tbe  valve 
V  is  open.  A  coluom  of  water  suspended  94  feel  io  height  in  the  force  pipe  will  press 
on  the  base  of  the  piston  with  a  force  of  about  1 5  pounds  for  each  square  iuCh ;  and  the 
pressure  at  other  beigbts  will  be  proportional  to  this.  Thus  tbe  force  necessary  to  urge 
(he  piston  downwuds  may  always  be  calculated.  The  valve  V'  is  dosed  in  drawing  up 
the  piston,  and  it  then  relieves  the  piston  from  Che  weight  of  the  incumbent  column.  If 
tbe  valve  V  is  opened,  the  piston  is  subject  to  the  aome  pressure  as  in  the  suction  pump, 
and  this  bss  already  been  seen  to  be  equal  to  the  weight  of  a  column  of  water  raised  above 
the  level  of  the  water  in  the  well.  From  this  it  ibUaws,  Chat  when  the  height  of  the  force 
pipe  ia  equal  to  the  length  of  the  suction  pipe,  the  piston  will  be  pressed  upwards  and 
downwards  with  equal  forces;  but  when  the  height  of  the  force  pipe  is  greater  or  less  than 
the  length  of  tbe  suction  pipe,  the  downward  preaaure  must  be  greater  or  leas,  in  the  aame 
prt^iortion,  than  the  force  wliich  draws  the  piaton  up. 

2!K3.  The  supply  of  water  by  the  force  pipe  through  the  valve  V  is  evidently  inUrmit- 
ting,  being  suspended  during  the  ascent  of  the  piston  ;  hence  the  flow  from  the  point  of  dis- 

eSect.      A  cistern  at  the  top  of  the  force  pipe,  as  already  shown,  for  the  auction  pump, 

would  answer  the  purpose  ;  but  it  is  found  more  convenient  to  use  an  apparatus  caLed  au 

air  eesssi  (see  j!?.  BO?.),  in  which   immediately  above  tbe  valve  V'  a  short  tube  commu' 

nieates  with  a  strong  cloee  vessel  of  sufficient  capacity,  through  „ 

the  top  whereof  the  force  pipe  Gil  poaes,  and  deecimds  lo  near 

the  bottom.     When  the  pump  is  in  action  the  water  is  forced  into 

the  vessel  MN,  and  when  its  gur&oe,  as  at  wb,  rises  alwve  the 

mouth  H  of  the  force  pipe,  Che  air  in  Che  vessel  MN  is  confined 

above  the  water ;  and  as  the  water  is  gradually  forced  in,  the 

ur,  being  compressed,  ads  with  increased  elastic  force  on  Che  sur- 

bce  of  the  waUr.      This  pressure  forces  a  column  of  watw  into 

the  pipe  HG,  and  muntains  it  at  an  devation  proportiond  to  Che 

elastic  force  of  the  condensed  air.      When  the  ur  in  the  veasd 

HN  is  reduced  lo  half  its  origind  bulk  it  will  act  on  the  sur&ce 

of  the  water  mc  with  double  the  atmospheric  pressure;  meanwhile, 

the    water   in  the  force  pipe  being  subject  to  merely  once  the 

fttmovpberic  pressure,  there  is  an  unresisted  force  upwards  equal 

to  the  atmospheric  preaaure  which  sustoiiLs  the  colunm  of  waler 

in  tbe  tube,  and  a  column  34  feet  high  will  thus  be  sustained.     If  FU-sin. 

the  air  ia  reduced  to  one  third  of  its  origind  bulk,  the  height  of  the  column  auaCdned  will 

be  68  feet,  and  so  on.    If  tbe  force  pipe  were  made  to  terminate  in  a  ball  pierced  with  smdl 

holes  so  SB  to  form  tjil  Jean,  tbe  elastic  pressure  of  the  ur  on  [he  sucfoce  would  cause  the 

water  lo  spout  fh>m  the  boles. 

SSI24.  In  the  formation  of  all  pumps  the  parCa  should  be  nicely  lllled,  and  as  air-tight  as 
posaible,  otherwise,  in  using  them,  much  of  the  power  employed  will  be  loat.  All  expe- 
dients whicb  tend  to  this  great  dedderuura  are  of  vdiie ;  indeed  any  arrangement  adapted 
to  insure  tbe  peifect  action  of  a  pump  ia  of  the  utmost  importance  for  the  comfort  and  eoo- 
veaience  of  asuU  no  less  than  large  dwellings. 
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Sect.  VIII. 

GLAZING. 

2SS5.  Glaxing,  or  the  busineas  of  the  glazier,  consists  in  fitting  glass  in  sashes,  frames, 
and  casements,  either  in  putty  or  lead.  It  may  be  classed  under  the  heads  of  tashworik^ 
leadworky  andfrehoork.  Glass,  as  a  material,  has  been  already  described  in  Chap.  II.  Sect. 
II.  of  this  Book. 

S996.  The  tools  necessary  for  sashwork  are —  tkdianumd,  polished  to  a  cutting  point,  and 
set  in  brass  in  an  iron  socket,  to  receive  a  wooden  handle,  by  which  it  is  hdd  in  a  cutting 
direction.  The  top  of  the  handle  goes  between  the  root  of  the  forefinger  and  middle 
finger,  and  the  under  part  between  the  point  of  the  forefinger  and  thumb.  In  general,  there 
is  a  notch  on  the  nde  of  the  socket,  which  should  be  held  next  the  lath.  Some  diamonds 
hare  more  euia  than  one.  Plough  diamonds  have  a  square  nut  on  the  end  of  the  socket 
next  the  glass,  which,  on  running  the  nut  square  on  the  side  of  the  lath,  keeps  it  in  the 
cutting  direction.  Glass  benders  have  their  plough  diamonds  without  long  handles,  as 
they  cannot  make  use  of  a  lath  in  cutting,  but  direct  them  by  the  point  of  their  middle 
finger.  The  ranging  lath  should  be  long  enough  to  extend  beyond  the  boundary  of  the 
table  of  glass.  Ranging  of  glass  is  the  cutting  it  in  breadths,  and  is  best  done  by  one  un« 
interrupted  cut  from  one  end  to  the  other.  A  »hort  lath  is  used  for  stripping  the  square  to 
suit  the  rebate  of  the  sash,  as  in  ranging  they  are  generally  cut  fiilL  A  sgaore,  for  the  more 
accurate  cutting  at  the  right  angles  fit)m  the  range.  The  carpenter's  chisel  is  used  in 
paring  away  some  of  the  rebate  of  the  sash  when  the  glass  does  not  lie  so  flat  as  to  allow 
a  proper  breadth  for  front  putty.  The  glazing  knife  is  used  for  laying  in  the  putty  on  the 
rebates,  for  bedding  in  the  glass,  and  finishing  the  front  putty.  A  bratkUng  hammer  is  made 
with  a  head  in  the  form  of  a  smsJl  parallelopiped,  with  a  socket  for  the  handle,  using  it  at  an 
obtuse  angle  from  the  middle  of  one  of  its  sides.  The  square  edges  of  the  head  drive  tfie 
brads  in  a  horizontal  direction,  and  with  this  tool  there  is  less  liability  to  accident  than 
with  any  other.  Some  use  the  basil  of  the  chisel  for  the  purpose.  Bran  points  are  con- 
sidered the  best  for  bradding ;  tmaU  ad  breuU  are  also  used.  All  new  work  should  be 
bradded,  to  prevent  the  glass  being  moved  out  of  its  bed.  The  duster  is  a  large  brush  for 
brushing  the  putties,  and  taking  the  oil  from  the  glass.  The  sash  tool  is  used  wet,  for 
taking  the  oil  fit)m  the  inside  after  the  back  putties  are  cleared  off.  The  hacking  kni/e  is 
for  cleaning  out  the  old  putty  fi-om  the  rebates  where  squares  are  to  be  stopped  in.  The  use 
of  the  gbuier*s  rule  needs  no  explanation:  it  is  2  feet  long,  doubling  in  four  different  pieces. 

2227.  Lead  work  for  lights  is  often  used  for  inferior  offices,  and  frequently  in  country 
buildings.  Frames  made  with  crossbars  receive  these  lights,  which  are  lliistened  with  leaden 
bars,  called  saddle  bars.  Where  springs  are  wanted,  a  casement  is  introduced  of  wood  or 
iron.     Sometimes  a  sliding  frame  is  used,  particularly  for  church  windows. 

2228.  The  tool  called  the  glazier's  vice  is  for  preparing  the  leaden  slips  with  grooves,  &c., 
to  fit  them  for  the  reception  of  glass.  The  German  vices  are  esteemed  the  best,  and  turn 
out  a  variety  of  lead  in  different  sizes.  There  are  moulds  belonging  to  these  vices  in  which 
bars  of  lead  are  cast ;  in  this  form  the  mill  receives  them,  and  turns  them  out  with  two 
sides  parallel  to  each  other,  and  about  j  of  an  inch  broad,  and  a  partition  connecting  the 
two  sides  together,  about  )  of  an  inch  wide,  forming  on  each  side  a  groove  near  y^  by  | 
of  an  inch,  and  6  feet  long.  The  setting  hoard  is  that  on  which  the  ridge  of  the  light  is 
worked,  and  divided  into  squares,  and  struck  out  with  a  chalk  line,  or  drawn  with  a  lath, 
which  serve  to  guide  the  workman.  One  side  and  end  is  squared  with  a  projecting  bead 
or  fillet.  The  latterkin  is  a  piece  of  hard  wood  pointed,  and  so  formed  as  to  clear  the 
groove  of  the  lead,  and  widen  it,  for  the  more  readily  receiving  the  glass.  The  siting 
knife  is  a  blade  with  a  round  end,  loaded  with  lead  at  the  bottom  of  the  blade,  and 
having  a  long  square  handle.  The  square  end  of  the  handle  serves  to  force  the  squares 
home  tight  in  the  lead ;  being  loaded  with  lead,  it  is  of  greater  weight,  and  also  cuts  off*  the 
ends  of  che  lead  with  greater  ease,  as  in  the  course  of  working  these  lights  the  lead  is 
always  longer  than  is  necessary  till  trimmed. 

2229.  The  resin  box  contains  powdered  resin,  which  is  put  on  all  the  joints  previous  to 
soldering.  Clips  are  for  holding  the  irons.  All  the  intersections  are  soldered  on  both  sides 
except  the  outside  joints  of  the  outer  side,  that  is,  where  they  come  to  the  outer  edge. 
These  lights  should  be  cemented,  which  is  done  by  thin  paint  being  run  along  the  \esA 
bars  and  the  chasm  filled  with  dry  whiting.  Aftet  it  has  stood  a  short  time  a  small 
quantity  of  dry  red  or  white  lead  is  dusted  over  it,  which  will  enable  it  to  resist  the 
weather  well.  Fretwork  is  the  ornamental  part  of  lead-light  work,  and  consists  in  working 
ground  or  stained  glass  into  different  patterns  and  devices,  as  may  be  seen  in  the  old  stained 
glass  windows. 

2230.  In  London  a  larse  portion  of  the  glazier's  business  consists  in  cleaning  windows. 

2231.  The  putty  in  which  the  glazier  beds  the  glass  is  of  four  sorts.  Soft  putty,  which 
is  composed  of  flour,  whiting,  and  raw  linseed  oil ;  hard  puttg,  composed  of  whiting  and 


Chap.  III.  PLASTERING.  587 

boiled  linseed  oil ;  harder  putfy,  the  same  ingredients  as  the  last,  with  the  addition  of  a 
small  quantity  of  turpentine  for  more  quickly  drying  it ;  hardest  putiy,  composed  of  oil, 
red  or  white  lead,  and  sand.  The  first  of  these  putties  is  the  most  durable,  because  it 
forms  an  oleaginous  coat  on  the  surfiice,  but  it  reouires  a  long  time  for  drying.  The  hard 
sorts  are  apt  to  crack  if  not  soon  well  punted,  and  the  hardest  of  them  renders  it  difficult 
to  replace  a  pane  when  broken ;  hence  it  is  altogether  unfit  for  hothouse  and  greenhouse 
work. 


Sbct.  IX. 

PLA9TZEIMO. 

3S3S.  In  the  finishing  of  our  dwellings,  the  decoration  owes  much  of  its  effect  to  the 
labours  of  the  plasterer :  it  is  in  his  department  to  lay  the  ceilings,  and  to  give,  by  means 
of  plaster,  a  snoooth  coat  to  the  walls,  so  as  to  hide  the  irregularities  left  by  the  bricklayer 
and  masMi,  and  make  them  sightly  and  agreeable.  He  also,  in  the  better  sort  of  buildings, 
furnishes  plain  and  decorated  mouldings  for  the  cornices  and  ceilings ;  and  in  the  external 
parts,  where  stone  Lb  expensive  or  not  to  be  procured,  covers  the  exterior  walls  with  stucco 
or  other  composition  imitative  of  stone. 

SS3S.  The  plasterer^s  tools  are — a  epade  or  ehooel  of  the  usual  description ;  a  rahe  with  two 
or  three  prongs  bent  downwards  from  the  line  of  the  handle,  for  mixing  the  hair  and  mortar 
together ;  etopping  and  picking  out  toaisj  rules  called  etraight  edges;  vood  models;  and  trowels 
of  two  sorts  and  various  sixes ;  namely,  the  hging  and  smoothing  tool^  consisting  of  a 
flat  piece  of  hardened  iron,  about  10  inches  long,  and  2^  inches  wide,  very  thin,  and 
ground  to  a  semicircular  shape  at  one  end,  but  square  at  the  other.  Near  the  square 
end  on  the  back  of  the  plate  a  small  iron  rod  is  riveted,  with  two  legs,  whereof  one  is  fixed 
to  the  plate,  and  a  round  wooden  handle  is  adapted  to  the  other.  All  the  first  coats  of 
plastering  are  laid  on  with  this  tool,  as  is  also  the  last,  or  setting,  as  it  is  technically  called. 
The  other  sorts  of  trowels  are  of  three  or  more  sixes,  and  are  used  for  gnaging  the  fine  stuff 
and  plaster  for  cornices,  mouldings,  &c.  The  length  of  these  troweb  is,  the  largest  about 
7  inches  in  length  on  the  plate,  and  the  smallest  2  or  S  inches :  they  are  of  polished 
steel,  converging  gradually  to  a  point,  with  handles  of  mahogany  adapted  to  the  heel  or  broad 
end  with  a  deep  brass  fernile. 

2554.  The  stopping  and  picking  out  toob  are  of  polished  steel,  of  various  siys,  about  7 
or  8  inches  long  and  half  an  inch  broad,  flattened  at  both  ends,  and  somewhat  rounded, 
'lliey  are  used  for  modelling  and  finishing  mitres  and  returns  to  cornices,  as  also  for  fill- 
ing  up  and  finishing  ornaments  at  their  Joinings.  There  is  also  used  a  small  instrument, 
which  is  a  piece  of  thin  fir  6  or  7  inches  square,  called  a  hawht  with  a  handle  vertical  to  it, 
for  holding  small  quantities  of  plaster. 

2555.  "nie  composition  used  by  the  plasterer  is  a  groundwork  of  lime  and  hair,  on 
which,  for  the  finish,  a  coating  of  finer  material  is  laid.  The  sorts  of  it  are  various ;  as, 
for  instance,  white  lime  and  hair  mortar  on  bare  walls ;  the  same  on  laths  as  for  partitions 
and  plain  ceilings ;  for  renewing  the  insides  of  walls,  roughcasting  on  laths ;  plastering  on 
brickwork  with  finishing  mortar,  in  imitation  of  stone  work,  and  the  like  upon  laths.  For 
cornices  and  the  decorations  of  mouldings,  the  material  is  plaster  of  Paris,  one  which  foci- 
litates  the  giving  by  casts  the  required  form  and  finish  to  the  superior  parts  of  his  work. 
The  plasterer  uses  it  also  for  mixing  with  lime  and  hair,  where  the  work  is  required  to 
dry  and  set  hard  in  a  short  time.  For  inside  work,  the  lime  and  hair,  or  eoaru  stuff,  is 
prepared,  like  common  mortar,  with  sand ;  but  in  the  mixing,  hair  of  the  bullock,  obtamed 
from  the  tanners'  yards,  is  added  to  it,  and  worked  in  with  Uie  rake,  so  as  to  distribute  it 
over  the  mass  as  equally  as  possible. 

2236.  What  is  called  fine  stuff  is  made  of  pure  lime,  slaked  with  a  small  quantity  of 
water,  and  afterwards,  without  the  addition  of  any  other  material,  saturated  with  water, 
and  in  a  semi-fluid  state  placed  in  a  tub  to  remain  until  the  water  has  evaporated.  In 
some  csees,  for  better  binding  the  work,  a  small  quantity  of  hair  is  worked  into  the  com- 
position. For  interior  work,  the  fine  stuff  is  mixed  with  one  part  of  very  fine  washed 
sand  to  three  parts  of  fine  stufl^  and  is  then  used  for  troweUed  or  bastard  stmeeof  which  makes 
a  proper  surfiice  for  receiving  painting. 

2237.  What  is  called  guage  stuff  is  composed  of  fine  stuff  and  plaster  of  Paris,  in  pro- 
portions according  to  the  rapidity  with  which  the  work  is  wanted  to  be  finished.  About 
^ur-fifths  of  fine  stuff  to  one  of  the  last  is  sufficient,  if  time  can  be  allowed  for  the  setting. 
This  composition  is  chiefly  used  for  cornices  and  mouldings,  run  with  a  wooden  mould. 
We  may  here  mention  that  it  is  of  the  utmost  importance,  in  plasterers*  work,  that  the 
lime  should  be  most  thoroughly  slaked,  or  the  consequence  will  be  blisters  thrown  out 
upon  the  work  after  it  is  finished.     Many  plasterers  keep  their  stuffs  a  considerable 
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period  before  they  are  wanted  to  be  used  in  the  building,  by-which  the  chance  of  blistering 
is  much  lessened. 

2238.  When  a  wall  is  to  be  plastered,  it  is  called  rendering ;  in  other  cases  the  first 
operation,  as  in  ceilings,  partitions,  &c.,  is  lathing,  nailing  the  laths  to  the  joists,  quarters, 
or  battens.  If  the  laths  are  oaken,  wrought  iron  nails  must  be  used  for  nailing  them,  but 
cast  iron  nails  may  be  employed  if  the  laths  are  of  fir.  The  lath  is  made  in  three  and  four 
foot  lengths,  and,  according  to  its  thickness,  is  called  single,  something  less  than  a  quar- 
ter of  an  inch  thick,  lath  and  half,  or  double.  The  first  is  the  thinnest  and  cheapest,  the 
second  is  about  one-third  thicker  than  the  single  lath,  and  the  double  lath  is  twice  the 
thickness.  When  the  plasterer  laths  ceilings,  both  lengths  of  laths  should  be  used,  by  which, 
in  nailing,  he  will  have  the  opportunity  of  breaking  the  joints,  which  will  not  only  help  in 
improving  the  general  key,  (or  plastering  insinuated  l>ehind  the  lath,  which  spreads  there 
beyond  the  distance  that  the  laths  are  apart,)  but  will  strengUien  the  ceiling  generally.  The 
thinnest  laths  may  be  used  in  partitions,  because  in  a  vertical  position  the  strain  of  the 
plaster  upon  them  is  not  so  great ;  but  for  ceilings  the  strongest  laths  should  be  employed. 
In  lathing,  the  ends  of  the  laths  should  not  be  lapped  upon  each  other  where  they  termi- 
nate upon  a  quarter  or  batten,  which  is  often  done  to  save  a  row  of  nails  and  the  trouble 
of  cutting  them,  for  such  a  practice  leaves  only  a  quarter  of  an  inch  for  the  thickness  of 
the  plaster ;  and  if  the  laths  are  very  crooked,  which  is  frequently  the  case,  sufficient 
space  will  not  be  left  to  straighten  the  plaster. 

2239.  After  lathing,  the  next  operation  is  laying,  more  commonly  called  pkutering.  It 
is  the  first  coat  on  laths,  when  the  plaster  has  two  coats  or  set  work,  and  is  not  scratched 
with  the  scratcher,  but  the  surface  is  roughed  by  sweeping  it  with  a  broom.  On  brick- 
work it  is  also  the  first  coat,  and  is  called  rendering,  llbe  mere  laying  or  rendering  is 
the  most  economical  sort  of  plastering,  and  does  for  inferior  rooms  or  cottages. 

2240.  What  is  called  pricking  up  is  the  first  coat  of  three-cost  work  upon  laths.  The 
material  used  for  it  is  coarse  stuff,  being  only  the  preparation  for  a  more  perfect  kind  of 
work.  AfVer  the  coat  is  laid  on,  it  is  scored  in  diagonal  directions  with  a  ecrateher  (the 
end  of  a  lath),  to  give  it  a  key  or  tie  for  the  coat  that  is  to  follow  it. 

2241.  Laih  layed  or  pUutered  and  set  is  only  two-coat  work,  as  mentioned  under  laying, 
the  setting  being  the  guage  or  mixture  of  putty  Mid  plaster,  or,  in  common  work,  of  fine 
stuff,  with  which,  when  very  dry,  a  little  sand  is  used ;  and  here  it  may  be  as  well  to  men- 
tion, that  setting  may  be  either  a  second  coat  upon  laying  or  rendering,  or  a  third  coat 
upon  ^fioating,  which  will  be  hereafter  described.  The  term  finishing  is  applied  to  the  third 
coat  when  of  stucco,  but  setting  for  paper.  The  setting  is  spread  with  the  smoothing 
trowel,  which  the  workman  uses  with  his  right  hand,  while  in  his  left  he  uses  a  large 
flat-formed  brush  of  hog's  bristles.  As  he  lays  on  the  putty  or  set  with  the  trowel,  he 
draws  the  brush,  full  of  water,  backwards  and  forwards  over  its  surface,  thus  producing  a 
tolerably  fair  face  for  the  work. 

2242.  Work  which  consists  of  three  coats  is  called  jioated :  it  takes  its  name  from  an 
instrument  called  njloat,  which  Ls  an  implement  or  rule  moved  in  every  direction  on  the 
plaster  while  it  is  soft,  for  giving  a  perfectly  plane  surface  to  the  second  coat  of  work. 
Floats  are  of  three  sorts  :  the  hand  float,  which  is  a  short  rule,  that  a  man  by  himself  may 
use;  the  quirk Jloat,  which  is  used  on  or  in  angles;  and  the  Derby,  wliich  is  of  such  a 
length  as  to  require  two  men  to  use  it  Previous  to  floating,  which  is,  in  fiict,  the 
operation  of  making  the  sur&ce  of  the  work  a  perfect  plane,  such  surface  is  subdivided 
in  several  bays,  which  are  formed  by  vertical  styles  of  plastering,  (three,  four,  five,  or  even 
ten  feet  apart,)  formed  with  great  accuracy  by  means  of  the*  plumb  rule,  all  in  the  same 
plane.  These  styles  are  called  screeds,  and  being  carefully  set  out  to  the  coat  that  is  applied 
between  them,  the  plaster  or  floating  laid  on  between  them  is  brought  to  the  proper  sur- 
face by  working  the  float  up  and  down  on  the  screeds,  so  as  to  bring  the  surface  all  to  the 
same  plane,  which  operation  is  termed  /Uling  out,  and  is  applicable  as  well  to  ceilings  as  to 
walls.  This  branch  of  plastering  requires  the  best  sort  of  workmen,  and  great  care  in  the 
execution. 

2243.  Bcutard  stucco  is  of  three  coats,  the  first  whereof  is  roughing  in  or  rendering,  the 
second  is  floating,  as  in  trowelled  stucco,  which  will  be  next  described ;  but  the  finiriiing 
coat  contains  a  small  quantity  of  hair  behind  the  sand.  This  work  is  not  hand-floated,  add 
the  trowelling  is  done  with  less  labour  than  what  is  denominated  trowelled  stucco. 

2244.  Trowdled  stucco,  which  is  the  best  sort  of  plastering  for  the  reception  o/f  paint,  is 
formed  on  a  floated  coat  of  work,  and  such  floating  should  be  as  dry  as  possible  before  the 
stucco  is  applied.  In  the  last  process,  the  plasterer  uses  the  hand  float,  which  is  made  of  a 
piece  of  half-inch  deal,  about  nine  inches  long  and  three  inches  wide,  planed  smooth  with 
its  lower  edges  a  little  rounded  off,  and  having  a  handle  on  the  upper  surface.  The  ground 
to  be  stuccoed  being  made  as  smooth  as  possible,  the  stucco  is  spread  upon  it  to  the  extent 
of  four  or  five  feet  square,  and,  moistening  it  continually  with  a  brush  as  he  proceeds,  the 
workman  trowels  its  surface  with  the  float,  alternately  sprinkling  and  rubbing  the  face  of 
the  stucco,  till  the  whole  is  reduced  to  a  fine  even  surface.     Thus,  by  small  portions  at  a 
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time,  he  proceeds  till  the  whole  is  completed.     The  water  applied  to  it  has  the  effect  of 
hardening  the  face  of  the  stucco,  which,  when  finished,  becomes  as  smooth  as  glass. 

2245.  From  what  has  been  said,  the  reader  will  perceive  that  mere  laying  or  plastering 
on  laths,  or  rendering  on  walls,  is  the  most  common  kind  of  work,  and  consists  of  one  coat 
only ;  that  adding  to  this  a  setting  coat,  it  is  brought  to  a  better  surface,  and  is  two>coat 
work ;  and  that  three-coat  work  undergoes  the  intermediate  process  of  floating,  between 
the  rendering  or  pricking  up  and  the  setting. 

2246.  Ceilings  are  set  in  two  different  ways ;  that  is  the  best  wherein  the  setting  coat  is 
composed  of  plaster  and  putty,  commonly  called  guage.  Common  ceilings  are  formed 
with  plaster  without  hair,  as  in  the  finishing  coat  for  walls  set  for  paper. 

2347.  Pugging  is  plaster  laid  on  boards,  fitted  in  between  the  joists  of  a  floor,  to  prevent 
the  passage  of  sound  between  two  stories,  and  is  executed  with  coarse  stuffl 

2248.  The  following  materials  are  required  for  100  yards  of  render  set;  viz.  1}  hun- 
dred of  lime,  1  double  load  of  river  sand,  and  4  bushels  of  hair  ;  for  the  labour,  1  plas- 
terer 3  days,  1  labourer  S  days,  1  boy  S  days ;  and  upon  this,  20  per  cent,  profit  is 
usually  allowed.  For  1 90  yards  of  lath  plaster  and  set  —  I  load  of  laths,  10,000  nails, 
91  hundred  of  lime,  \\  double  load  of  river  sand,  7  bushels  of  hair;  for  the  labour,  1 
plasterer  6  days,  1  labourer  6  days,  1  boy  6  days ;  and  upon  this,  as  before,  20  per  cent,  is 
usually  allowed. 

2249.  In  the  country,  for  the  exterior  coating  of  dwellings  and  out-buildings,  a  species 
of  plastering  b  used  called  roughcast.  It  is  cheaper  than  stucco  or  Parker^s  cement,  and 
therefore  suitable  to  such  purposes.  In  the  process  of  executing  it,  the  wall  is  first 
pricked  up  with  a  coat  of  lime  and  hair,  on  which,  when  tolerably  well  set,  a  second  coat 
is  laid  on  of  the  same  materials  as  the  first,  but  as  smooth  as  possible.  As  fiist  as  the 
workman  finishes  this  surface,  another  follows  him  with  a  pailful  of  the  roughcast,  with 
which  he  bespatters  the  new  plastering,  so  that  the  whole  dries  together.  The  roughcast 
is  a  composition  of  small  gravel,  finely  washed,  to  free  it  from  all  earthy  particles,  and 
mixed  with  pure  lime  and  water  in  a  state  of  semi-fluid  consistency.  It  is  thrown  from 
the  pail  upon  the  wall,  with  a  wooden  float,  about  5  or  6  inches  long,  and  as  many  wide, 
formed  of  half-inch  deal,  and  fitted  with  a  round  deal  handle.  With  this  tool,  while  the 
plasterer  throws  on  the  roughcast  with  his  right  hand,  in  his  left  he  holds  a  common 
whitewasher*8  brush  dipped  in  the  roughcast,  with  which  he  brushes  and  colours  the 
mortar  and  the  roughcast  already  spread,  to  give  them,  when  finished,  an  uniform  colour 
and  appearance. 

2250.  In  forming  the  coves  and  cornices  which  are  applied  below  the  ceilings  of  rooms, 
it  is  of  the  greatest  importance  to  make  them  as  light  as  possible,  for  the  plaster  whereof 
they  are  formed  is  heavy,  and  ought  not  to  be  trusted  merely  to  its  adhesion  to  the  vertical 
and  horizontal  surfaces  to  which  it  is  attached.  Hence,  when  cornices  run  of  lai^e  dimen- 
sion, bracketing,  as  has  already  been  described  in  the  section  Joinery  (2079>  et  ceg.),  must 
be  provided,  of  the  general  form  of  the  cornice  or  cove,  or  other  work,  and  on  this  the 
plastering  is  to  be  formed.  On  this,  when  roughed  out,  the  work  u  run  with  wooden 
moulds,  having  brass  or  copper  edges,  so  as  to  give  the  general  outline  of  the  cornice.  If 
enrichments  are  used  in  it,  they  are  cast  in  plaster  of  Paris,  and  afterwards  fixed  with  that 
material  in  the  spaces  left  for  them  to  occupy.  These  enrichments  are  previously  modelled, 
and  from  the  model  a  matrix  is  formed,  as  for  all  other  plaster  casting.  Great  nicety  is 
required  in  all  the  operations  relative  to  the  moulding  and  fixing  of  cornices,  and  most 
especially  that  the  ornaments  be  firmly  fixed,  that  they  may  not  be  detached  from  their 
places  by  partial  settlements  of  the  building,  and  cause  accidents  to  the  occupiers  of  the 
rooms  where  they  are  used. 

2251.  In  the  present  time,  the  use  of  ornaments  made  of  carton-pierre,  a  species  of  papier 
mach^  has  been  reintroduced  for  cornices,  flowers,  and  other  decorations.  The  basis  of  it 
is  paper  reduced  to  a  pulp,  which  having  other  ingredients  mixed  with  it  is  pressed  into 
moulds,  and  thus  ornaments  are  formed  of  it.  Though  they  have  not  all  the  delicacy  of 
the  plaster  cast,  their  lightness,  and  the  security  with  which  they  can  be  fixed  with  screws 
is  such,  that  we  have  no  hesitation  in  recommending  them  for  adoption,  in  preference  to 
plaster  ornaments ;  and,  indeed,  their  general  use  at  present  warrants  the  recommendation 
we  here  give.  At  the  same  time,  we  must  caution  the  architect  that  the  thing  is  at  pre- 
sent far  from  the  perfection  to  which  the  plasterer  carries  his  practice,  and  that  in  the 
fixing  there  is  all  the  want  of  that  nicety  which  a  good  cornice  workman  in  plaster  exhibits. 
There  has  been  a  great  want  of  competition  in  this  country  of  the  manufacture  of  carton- 
pierre.  Indeed  of  what  is  made  here  the  modelling  u  generally  very  bad,  inferior  artists 
being  employed  upon  it.  That  manufactured  by  Waillet  and  Huber  of  Paris  we  have 
found  to  be  the  beat,  and  their  modellers  are  able  artists.  We  have  already  adverted  to  the 
cements  used  in  plastering.  Parker^s,  Bailey's,  Atkinson's,  and  Chambers's  are  the  prin- 
cipal ones  for  coating  buildings,  and  the  process  of  laying  them  on  is  so  similar  to  that 
of  other  plasterer's  work,  that  it  will  not  be  necessary  to  say  more  than  that  they  are  all 
good,  and  may  be  used  with  safety. 
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SS5S.  It  Li  scarcely  within  the  branch  of  the  plaaterer'i  practice,  but  as  we  shall  have  do 
other  place  for  adverting  to  it,  we  may  as  well  here  mention  a  composition  which,  till 
lately,  was  much  in  use,  but  will  certainly  now  be  entirely  superseded  by  the  earton-pierre, 
above  mentioned ;  we  mean  what  are  <^ed  composition  ornaments,  which  were  never, 
however,  used  in  cornices,  but  principally  for  the  decoration  of  an  inferior  class  of  chimney- 
pieces,  and  the  like.  The  composition  is  very  strong  when  dry,  of  a  brownish  colour,  con- 
sisting of  about  two  pounds  of  powdered  whiting,  a  pound  of  glue  in  solution,  and  half  a 
pound  of  linseed  oil  mixed  together  in  a  copper,  heated  and  stirred  with  a  spatula  till  the 
whole  is  incorporated.  After  heating  it  is  laid  upon  a  stone  covered  with  powdered  whiting, 
and  beaten  to  a  tough  and  firm  consistence,  when  it  is  laid  by  for  use,  covered  with  wet 
cloths  to  keep  it  fresh.  This  composition  is  then  put  into  a  press,  and  pressed  into 
moulds  made  of  boxwood.  It  is  now,  however,  nearly  abandoned,  as  it  ought  to  be,  its 
weight  being  so  much  agunst  its  use. 


SacT.  X. 
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2253.  Smithery  is  the  art  of  uniting  several  lumps  of  iron  into  one  lump  or  mass,  and 
forming  them  into  any  desired  shi^ie.  The  operations  necessary  for  this  are  primarily 
performed  in  the  forge,  and  on  the  anvil  with  the  hanuner ;  but  for  finishing,  many  other 
implements  and  tools  are  necessary.  These,  however,  we  do  not  think  useful  to  par- 
ticularise, a  course  we  have  pursued  in  the  other  trades,  because  the  expedients  introduced 
by  the  engineer  and  machinist  have  of  late  years,  except  in  rough  work,  superseded  many 
of  them.  It  is  now,  for  instance,  easier  to  plane  iron  to  a  perfect  surfiuie  than  it  was  a  few 
years  ago  to  file  or  hammer  to  what  was  then  always  an  imperfect  one.  Formerly  a  man 
would  be  occupied  as  many  minutes  in  drilling  a  hole  as  by  machines  it  now  takes  seconds 
to  perform. 

2254.  We  have,  in  a  previous  section,  given  all  the  particulars  relating  to  the  produce 
of  the  metal  from  the  ore ;  in  this  section  we  propose  little  more  than  to  enumerate  the 
different  objects  which  the  smith  and  ironmonger  furnish  in  the  construction  of  buildings ; 
and  introductory  to  that  it  will  be  convenient  to  subjoin  tables  of  the  weights  of  round  and 
bar  iron,  and  idso  of  the  weights  of  1  foot  of  close  hammered  bar  iron  of  different  thick- 
nesses ;  remembering  that  a  cube  foot  of  close  hammered  iron  weighs  about  495  lbs.,  of 
common  wrought  iron  about  480  lbs.,  and  of  cast  iron  450  lbs.,  whence  may  be  derived  the 
weight  of  other  solids  whose  cubic  contents  are  known. 


Tabls  showivo  thb  Wbight  of  onb 
Foot  in  LxyoTH  of  a  sQUAax  Iron 
Bar. 


Tabls  showing  ths  Wxioht  of  onk 
Foot  in  lxngth  of  a  round  Iron 
Bar. 
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Side  of 
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01875 
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: 

0*4687 

«i 
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n 

18-8125 
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20*8125 

' 
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2| 
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2*5625 

2) 
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1 
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n 
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u 

4*2187 

3 

30*0000 

u 

5*1875 

3i 

32-5312 

li 

6*3125 

H 

35*1875 

H 
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»i 

37*9687 

H 

8*8125 

34 
3 

40*7812 

1) 

10*1875 

43*7812 

11 

11*7187 

3) 

46*8740 

2 

13-3125 

Si 
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4 

53*3125 
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Inches. 
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1 

0-1562 

^ 
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i 

0-3750 

2} 

13-2500 

0*6562 

H 
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1 

1*0000 

21 

16-3437 

1 

1*4687 

2{ 
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I 
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2f 
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2*5937 

2{ 

21*6250 

1 

3*3125 

3 

23*5625 

4-0937 

H 

25-5625 

1 

4-9375 

3i 
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1 

5*9375 

H 

29-8125 
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3 

32-0625 

li 
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3f 
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*  t 
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3 
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2 

10*4607 

3 
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4 
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Table  sRowiva  thk  Wbioht  or  doae^hammered   flat  Bar  Irok,  rmoM  om  Incb  wids 
AXD  AN  Eighth  of  an  Inch  thick  to  four  Ikchu  wids  and  onb  Inch  thick. 


Inchet, 
and  their 

Tblckneti  in  Part*  of  an  Inch,  and  Weight  in  Poondt  arerdupols. 

ParUIn 

breadth. 

« 

k 

ff 

ft 
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f 

i 

1 

1 

0'4S9 
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1-718 

2-148 

2-578 

3-007 

3-437 

u 

0-484 

0-968 

1-503 

1-987 

2-422 

2-905 

3-383 

3-868 

n 

0-539 

1-078 

1-639 

2148 

2-682 

3-226 

3-758 

4-305 

li 

0-59S 

1-187 

1-773 

2-368 

2-953 

3-547 

4-133 

4-726 

U 
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1-S89 

1-937 

2-579 

3-218 

3-867 

4*508 

5*156 

If 

0-695 

1-398 

2093 

2-789 

3-492 

4-187 

4-890 

5*585 

i| 
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1-50O 

2-250 

3-008 

3-758 

4-508 

5-266 

6-016 

n 

0-804 

1-609 

2-414 

S-2I8 

4-281 

4*835 

5-641 

6*445 

2 

0-859 

1-699 

2-578 

3-4.S7 

4-297 

5-156 

6016 

6*874 

n 

0-913 

1-888 

2-742 

3-356 

4-562 

5-476 
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7-305 

n 

0-948 

1-937 

2-897 

3-867 

4-835 
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6-766 

7-734 

n 
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2-039 
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4-148 

5-101 

6-125 

7  148 

8164 

n 

1-069 

2-148 

3-218 

4.297 

5-375 

6-445 

7-547 

8-594 

8} 

1-1S5 

2-250 

3-383 

4-516 

5-641 

6-766 

7*897 

9-023 
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2-366 
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4-726 

5-905 

7-093 

8-273 

9*443 

2* 

1-SS4 

2^68 

3-721 

4-937 

6-180 

7-414 

8-648 

9*882 

S 

1-S89 

2-578 

3-867* 

5-156 

6*445 

7-734 

9-023 

10-312 

3| 

1-344 

2-687 

4'031 

5-375 

6-734 

8-055 

9-398 

11-742 

34 

1-398 

2.789 

4-187 

5-609 

6-984 

8-375 

9-773 

11*172 

8| 

1-443 

2-905 

4-335 

5-805 

7-250 

8-703 

10-156 

11-601 

s| 

1-500 

3-007 

4-508 

6-016 

7-516 

9-039 

10-503 

12-031 

s 

1-56S 

3-117 

4-672 

6-226 

7-789 

9-344 

10-905 

12-461 

S) 

1*609 

3-218 

4-860 

6-445 

8062 

9-664 

11-281 

12-890 

31 

1-630 

3-328 

5-000 

6'€S6 

8-328 

9-992 

11*656 

13-320 

4 

1-718 

3-437 

5-156 

6-874 

8-593 

10-312 

12-031 

13-750 

8 

3-436 

6-874 

10-312 

13-748 

17-186 

20-6S4 

24-062 

27-400 

IS 

5-156 

10-312 

15-469 

20-625 

25-781 

30-937 

36-094 

41-250 

If  of  Cast  Iron. 

IS 

4-835 

9-664 

14-500 

19-336 

24-172 

29-000 

33*836 

38-672 

2255.  For  the  carcass  of  a  building  the  chief  articles  funusfaed  by  the  smith  are  chimney 
ban,  which  are  wide  thin  bent  bars  or  plates  of  iron,  to  relieve  the  weight  of  brickwork 
over  wide  openings  of  chimneys,  as  in  kitchens  and  rooms  where  a  large  area  of  fire  is 
requisite.  In  these  situations  they  are  subject  however  to  objection,  because  of  their  liability 
to  constant  expansion  and  contraction  from  the  varying  temperature,  which  often  produces 
fractures  about  the  chimney  jambs.  They  nevertheless,  on  the  whole,  produce  a  security 
which  sanctions  their  use.  Cran^  for  holding  together  courses  of  stonework.  These, 
however,  are  better  of  cast  iron,  being  far  less  subject  to  decay  by  oxidisation.  Babuter* 
and  raiUnff  for  stairs  and  the  areas  of  houses  towards  a  public  way.  Shoea  for  piles,  when 
that  mode  of  obtuning  a  fbundation  Lb  adopted.  Wrought  iron  eobtmnM  with  cig>9  and  baeee, 
for  the  support  of  great  superincumbent  weights.  Cast  iron  are  now  preferred  both  for 
economy  and  stifihess ;  as  is  also  that  material  for  girders  and  bressumers,  which  have 
been  already  disposed  <tf  in  a  previous  page.  Area  graHngt  and  window  bars  for  securing 
the  lower  stories  of  houses.  Here,  again,  the  founder  has  stept  in  to  render  the  employ- 
ment of  wrought  iron  much  less  general  than  formerly.  Ties  of  all  descriptions,  and  for 
the  carpenter  especiaUy  the  various  sorts  of  straps,  bolts,  nmts  and  screws,  plates,  washers, 
and  the  like,  for  connecting  the  pieces  in  framing  where  the  strain  is  greater  than  the  mere 
fibres  of  the  wood  will  resist  Casements,  with  their  fastenings  for  lead  lights,  are  also 
frumished  by  the  smith.  But  he  is  now  rarely  employed,  as  heretofore,  for  foncy  gates, 
sashes,  and  frames,  such  works  being  furnished  by  the  founder,  as  well  as  rain-water  pipes 
with  their  cistern  heads,  pavement  gutters^  air  traps,  scrapers,  ooalplates,  water-closet 
traps,  and  a  number  of  other  objects  which  will  occur  to  the  reader. 

2256.  The  chief  articles  funushed  by  the  ironmonger  are  for  the  joiner*s  use,  and,  ex- 
eept  in  particular  cases,  are  kept  in  store  by  that  tradesman  for  immediate  supply  as 
required. 


B92  THEORY  OF  ARCHITECTURE.  Book  IL 

2257.  They  consist  in  Mcrewsy  whose  common  sius  are  from  three  quarters  of  an  inch  up 
to  4  inches  in  length.     They  are  sold  by  the  dozen. 

2258.  IroH  butt  hingn,  whose  name  is  probably  derived  from  their  butting  dose  sur&ce 
to  surfiuse  when  dosed,  used  for  hanging  doors  and  shutters.  They  are  made  both  of  iron 
and  brass,  the  former  varying  in  size  from  ]  1  to  4  inches  in  length ;  the  latter  from  1  inch 
to  4  inches.  These,  as  well  as  all  other  hinges,  are  in  size  necessarily  proportioned  to 
the  magnitude  and  consequent  weight  of  the  shutters  or  doors  they  are  to  carry ;  and 
it  is  to  be  observed,  that  for  the  well-hanging  of  a  door  or  shutter,  the  size  of  the  hinge 
should  be  rather  on  the  outside  of  enough  than  under  the  mark.  There  is  a  species  of 
hinge  used  for  doors  called  the  rtnia^  kint  hing€,  a  contrivimoe  in  which  the  pivot,  having 
on  it  a  short  portion  of  a  spiral  thread,  and  the  part  to  which  the  door  is  fixed  having  a 
correspondent  mass,  the  door  in  opening  rises,  and  clears  the  carpet  or  other  impediment 
usually  placed  on  the  floor.  The  projectit^  broMi  butt  is  used  when  the  shutter  or  door  is 
required  to  clear  some  projection,  and  thus,  when  opened,  to  lie  completely  back  in  a  plane 
parallel  to  its  direction  when  shut  All  hinges  are  purchased  from  the  ironmonger  by  the 
pair. 

Besides  the  hinges  above  mentioned  are  those  called  cross  ffometa,  whose  form  is  |>r,  that 
of  a  X  lying  sidewise.  These  are  only  used  on  the  commonest  ezternal  doors,  and  are  made 
from  10  to  20  inches,  varying  in  their  dimensions  by  differences  of  two  inches.  H  hingetj 
the  shape  of  the  letter  K>  showing  their  form  as  well  as  the  origin  of  their  name.  These 
in  their  sizes  range  from  3  to  8  mches  by  differences  of  an  inch.  HL  hingtM  ( H  and  {^ 
conjoined),  whose  form  is  implied  by  their  name,  and  whose  sizes  are  from  6  to  12  inches, 
proceeding  by  inches.  ParUameat  hinges  are  made  of  cast  and  wrought  inm,  from  8^  to  5 
inches,  proceeding  in  size  by  half  inches. 

2259.  Rough  rod  boltt  are  those  in  which  there  is  no  continued  barrel  for  the  bolt,  and  are 
for  the  most  common  service.  Their  sizes  begin  with  a  length  of  three  inches,  and  proceed 
by  inches  up  to  a  length  of  10  inches ;  such,  at  least,  are  their  common  sizes.  Bright  rod 
boltM  run  of  the  same  sizes  as  the  last ;  and,  as  the  name  indicates,  the  bolt  is  polished  and 
finished,  so  as  to  make  them  a  better  fastening,  as  far  as  appearance  is  concerned.  The 
9pring  piate  boU  is  contrived  with  a  spring  to  keep  the  bolt  up  to  its  work,  but  one  which 
so  soon  gets  out  of  order  that  we  wonder  it  is  now  manufactured  or  used.  It  is  made  of 
lengths  from  3  to  8  inches,  by  variations  of  an  inch  in  size.  Barrdied  hoU»  are  those 
in  which  the  whole  length  of  the  bolt  is  enclosed  in  a  continued  cylindrical  barrel,  and  are 
superior  to  all  others  in  use,  as  well  as  the  most  finished  in  their  appearance.  Their  com- 
mon sizes  are  from  6  to  12  inches,  varying  by  steps  of  an  inch.  All  the  bolts  above 
mentioned  are  sold  per  piece  by  the  ironmonger,  as  are  those  called  ^usA  6ofts,  a  name  given 
to  such  as  are  let  into  the  surface  to  which  they  are  applied,  so  as  to  stand  flush  with  it. 
They  are  mostly  made  of  brass,  and  are  of  two  different  thicknesses,  viz.  half  and  three 
quarter  inch.  Their  lengths  vary  fit>m  2^  to  1 2  inches,  and  occasionally,  as  circumstances 
may  require,  as  in  book-case  doors  and  French  sashes,  to  a  greater  length.  But  for  French 
casements,  what  is  called  the  Espanialette  bolt,  a  contrivance  whose  origin  is  French,  though 
much  improved  in  its  manufacture  here,  is  now  more  generally  in  use. 

2260.  PuUies,  for  hanging  sashes  and  shutters,  are  made  of  iron  or  brass,  or  with  brass 
sheaves  or  brass  axles.  Their  sizes  are  from  one  inch  and  a  half  to  two  inches  and  a  half 
in  diameter. 

2261.  The  varieties  of  locks,  their  contrivances  for  security,  and  their  construction,  are 
so  many,  that  to  describe  them  minutely  would  require  almost  a  work  of  itself.  All  that 
the  architect  has  to  deal  with,  for  common  purposes  in  building,  we  shall  mention.  For 
fastening  places  where  particular  security  is  requisite,  as  strong  closets  for  plate  or  cash, 
some  of  the  patented  locks  should  be  used,  and  we  must  leave  this  matter  for  inquiry  in  the 
hands  of  the  architect.  Every  patentee  says  his  invention  is  the  best.  We  nevertheless 
believe,  notwithstanding  the  boasts  of  all  the  inventors,  no  lock  has  yet  appeared  which  an 
expert  locksmith  acquainted  with  its  construction  will  not  be  able  to  pick.  The  locks  in 
common  use  are  gtoek  hcki,  whose  box  is  usually  of  wood,  and  whose  sizes  vary  from  7 
to  1 0  inches.  Dead  locks,  whose  sizes  are  from  4  to  7  inches,  and  so  called  from  the 
key  shooting  the  bolt  home  dead,  without  a  spring.  Cupboard  locks  of  3,  34,  and  4 
inches  in  size.  Iron  rim  locks,  whose  box  or  case  is  made  of  iron,  and  which  are  fitted 
on  to  one  of  the  sides  of  a  door,  and  whose  sizes  are  from  6  to  8  inches.  Of  those 
made  of  the  last-named  size,  tliere  are  some,  as  also  of  9  inches,  which  are  used  for  ex- 
ternal doors,  called  iron  rim  drawhaek  locks.  For  the  doors  of  all  well-finished  apart- 
ments, mortice  locks  are  used.  These  take  their  name  from  being  morticed  into  the  thick- 
ness of  the  door,  and  being  thus  hidden.  To  these  either  plain  or  fancy  furniture,  that  is, 
nobs  and  escocheons,  are  affixed.  Above  and  below  them  finger  plates  are  generally  directed 
to  be  placed,  to  prevent  the  door  being  soiled  in  the  places  where  it  is  mostly  laid  hold 
of. 

2262.  The  different  sorts  of  latches  in  use  are  the  thttmb  latch,  which  receives  its  name 
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Irom  the  tbtimb  b^ng  placed  on  the  lever  to  raise  its  latch  ;  the  Sorfolk  latch ;  the  four- 
inch  bow  latch  with  brass  nobs ;  the  brass  pulpit  latch ;  and  the  mortice  latch. 

S26S.  Besides  the  articles  already  mentioned,  spikeSf  holdfasts^  and  wall  hookt,  door  apringg 
of  various  sorts,  door  chains  and  barrda,  thvmb  terewM  and  other  shutter  and  sash  fastenings, 
hra99  turn  bueMUt,  dotet  knobi,  brass  flush  rings,  shutter  bars,  brass  rollers,  bars  with  latehets, 
shelf  brackets,  drawer  handles,  wrought  iron  bars,  sash  Hues  and  weights,  besides  many  others, 
are  furnished  by  the  ironmonger.  In  treating  on  specifications,  in  a  subsequent  section,  it 
will  be  seen  how  the  several  articles  of  smithery  and  ironmongery  are  applied. 

2264.  Bolts,  straps,  and  other  exposed  iron-work  are  preserved  firom  the  action  of  moisture 
on  them  by  the  following  mixture :  —  To  two  quarts  of  boiling  oil  add  half  a  pound  of 
litharge,  putting  in  small  quantities  at  a  time,  and  cautiously.  Let  it  simmer  over  the  fire 
two  or  three  hours ;  then  strain  it,  and  add  a  quarter  of  a  pound  of  finely-pounded  resin 
and  a  pound  of  white  lead,  keeping  it  at  a  gentle  heat  till  the  whole  is  well  incorporated. 
It  is  to  be  used  hot  A  composition  of  oil  and  resin  and  finely  levigated  brickdust  is  found 
useful  in  preserving  iron  from  rust  It  is  to  be  mixed,  and  used  as  a  paint  of  the  usual 
consistence. 


SscT.  XI. 

FODNDXaY. 


2265.  The  very  general  use  of  cast  iron  by  the  architect  has  induced  us  to  give,  in  a 
previous  section,  a  succinct  account  of  the  common  operations  of  foundery,  or  the  art  of 
easting  metal  into  different  forms.  We  do  not  think  it  necessary,  therefore,  to  do  more 
than  refer  the  reader  to  Chap.  II.  Sect  V.  of  this  Book  (1763,  et  seq.).  The  foundery  of 
statues,  which  is  among  the  most  difficult  of  its  branches,  belongs  exclusively  to  the 
sculptor,  and  is  usually  carried  on  in  bronze. 

2266.  To  gain  a  proper  knowledge  of  the  operations  of  the  founder,  the  student  should 
attend  a  few  castings  at  the  foundery  itself^  which  will  be  more  useful  to  him  than  all  which 
in  words  we  can  express  on  the  subject  • 


Sect.  XIL 

^AINtlNO,   GILDIVO,    AKD   rArER-HAKOING,   XTC. 

2267.  Painting  is  the  art  of  covering  the  surfiuses  of  wood,  iron,  and  other  materials  with 
a  mucilaginous  substance,  which,  acquiring  hardness  by  exposure  to  the  air,  protects  the 
material  to  which  it  is  applied  from  the  effects  of  the  weather. 

2268.  The  requisite  tools  of  the  painter  are  -^  brushes  of  hog*s  bristles,  of  various  sizes 
suitable  to  the  work;  a  scraping  or  pallet  knifes  earthen  pots  to  hold  the  colours;  a  tin 
can  for  turpentine ;  a  grinding  stone  and  muUer,  See.  The  stone  should  be  hard  and  close- 
grained,  about  1 8  inches  in  diameter,  and  of  sufficient  weight  to  keep  it  steady.  The  knots, 
especially  of  fir,  in  painting  new  work,  will  destroy  its  good  effect  if  they  be  not  first  pro- 
perly killed,  as  the  painters  term  it  The  best  way  of  effecting  this  is  by  laying  upon  those 
knots  which  retain  amy  turpentine  a  considerable  substance  of  lime  immediately  afler  it  is 
slaked.  This  is  done  with  a  stopping  knife,  and  the  process  dries  and  burns  out  the  tur- 
pentine which  the  knots  contain.  When  the  lime  has  remained  on  about  four  and  twenty 
hours,  it  is  to  be  scraped  off,  and  the  knots  roust  be  painted  over  with  what  is  called  size 
knotting,  a  composition  of  red  and  white  lead  ground  very  fine  with  water  on  a  stone,  and 
mixed  with  strong  double  glue  size,  and  used  warm.  If  doubts  exist  of  their  still  remain- 
ing unkilled,  they  may  be  then  painted  over  with  red  and  white  lead  ground  very  fine  in 
linseed  oil,  and  mixed  with  a  portion  of  that  oil,  taking  care  to  rub  them  down  with  sand 
paper  each  time  after  covering  them  when  dry  ;  so  that  they  may  not  appear  more  raised 
than  the  other  parts.  When  the  knotting  is  completed,  the  priming  colour  is  laid  on.  The 
priming  colour  b  composed  of  white  and  a  little  red  lead  mixed  thin  with  linseed  oil.  One 
pound  of  it  will  cover  from  1 8  to  20  yarda  When  the  primer  is  quite  dry,  if  the  work  is 
intended  to  be  finished  white,  mix  white  lead  and  a  very  small  portion  of  red  with  linseed 
oil,  adding  a  little  quantity  of  spirits  of  turpentine  for  second  colouring  the  work.  Of  thb 
second  primer,  one  pound  will  cover  about  10  to  12  square  yarda  The  work  should  now 
remun  for  some  days  to  harden ;  and  before  laying  on  the  third  coat,  it  should  be  rubbed 
down  with  fine  sand  paper,  and  stopped  with  oil  putty  wherever  it  may  be  necessary.  If 
the  knots  still  show  through,  they  should  be  covered  with  silver  lei^  laid  on  with  japanned 
gold  size.  The  third  coat  is  white  lead  mixed  with  linseed  oil  and  turpentine  in  equal 
portions,  and  a  pound  will  cover  about  8  square  yarda     If  the  work  is  not  to  be  finished 
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white,  the  other  requisite  colour  will  of  coune  be  miied  with  the  white  lead,  as  in  the  case 
of  four  coats  being  used.  When  the  work  is  to  be  finished  with  four  coats,  the  finishing 
coat  should  be  of  good  old  white  lead  as  the  basis,  thinned  with  bleached  linseed  oil  and 
spirits  of  turpentine  ;  one  of  oil  to  two  of  turpentine.  If  the  -work  is  to  be  finished  dtad 
white,  the  very  best  old  lead  must  be  used,  and  thinned  entirely  with  spirits  of  turpentine. 

*2269.  When  stucco  is  to  be  painted,  it  will  require  one  more  eoat  than  wood-work ;  the 
last  coat  being  mixed,  if  the  work  is  as  usually  executed,  with  half  spirits  of  turpentine 
and  half  oil,  for  the  reception  of  the  finishing  coat  of  all  turpentine  or  flatting.  If  the 
work  be  not  flatted,  the  finishing  coat  should  be  with  one  part  oil  and  two  of  turpentine. 
It  would  be  impossible  to  enter  mto  the  details  which  are  to  be  obsenred  in  painting  walls 
of  fiincy  colours ;  all  that  can  be  said  on  this  point  in  instruction  to  the  architect  is,  that 
when  fiincy  colours,  as  they  are  called,  which  in  these  days  a  painter  construes  as  anything 
but  white  and  a  tinge  of  ochre  or  umber,  each  coat  must  incline,  as  it  b  laid  on,  more  and 
more  to  the  colour  which  the  work  is  intended  to  bear  when  finished. 

S870.  In  repainting  old  work,  it  should  be  well  rubbed  down  with  dry  pumice  stone, 
and  then  carefully  dusted  oflf^  and  when  requisite,  the  cracks  and  openings  must  be  well 
stopped  with  oil  putty.  After  this,  a  mixture  of  white,  with  a  very  small  portion  of  red 
lead,  with  equal  parts  of  oil  and  turpentine,  is  used  to  paint  the  work,  which  the  painters 
techntesdly  call  second  colouring  old  work.  After  this,  the  work  being  dry,  a  mixture  of 
old  white  lead,  adding  a  small  portion  of  blue  black  in  a  medium  of  half  bleached  oil  and 
half  turpentine,  is  used  for  finishing,  or,  if  flatting  be  intended,  the  former  preparation  will 
be  suitable  for  receiving  dead  white  or  any  fiincy  colour.  The  same  process  will  serve  fi>r 
stuccoed  walls,  observing  that,  if  more  coats  be  required*  the  mixture  of  half  oil  and  half 
turpentine  is  proper. 

2971.  In  respect  to  outside  work,  the  use  of  turpentine  is  to  be  avoided,  for  turpentine 
Is  more  susceptible  of  water  than  oil,  and  thence  not  so  well  calculate  to  preserve  work 
exposed  to  the  weather.  Oil,  however,  having  fh>m  its  nature  a  natural  tendency  to  dis- 
colour white,  that  is  necessarily  finished  with  a  portion  of  half  oil  and  half  turpentine ; 
but  in  dark  colours  this  is  not  necessary,  and  in  such  cases.  Nnled  oil,  with  a  little  turpen- 
tine, is  the  best,  or  indeed  boiled  oil  only. 

2272.  White  lead  is  the  principal  basis  of  all  stone  colours.  If  the  finishing  colour  is 
white,  nothing  but  white  lead  should  be  employed.  Lead  colours  are  formed  by  a  mixture 
of  white  lead  with  lamp  black  ;  all  colours,  however,  that  are  called  fancy  coUmn,  have 
white  lead  for  their  basis,  chocolates,  black,  brown,  snd  wainscot  only  excepted. 

2273.  There  is  a  process  used  by  painters,  termed  clear-coaling,  which  is  executed  with 
white  lead  ground  in  water,  and  mixed  with  aixe.  This  is  used  instead  of  a  coat  of  paint ; 
but  it  has  not  sufficient  body  usefully  to  answer  the  end  for  which  it  is  usually  employed. 
It  scales  oCT,  and  in  damp  situations  its  colour  almost  immediately  changes.  The  only 
occasions  wherein  it  is  useftil,  are  where  the  work  is  greasy  and  smoky,  in  which  the  use  c^ 
it  prepares  better  for  the  reception  of  paint.  It  should,  however,  never  be  employed  upon 
joiner's  work  or  cornices  to  ceilings,  where  much  enrichment  is  found ;  for  of  all  things,  it 
destroys  the  sharpness  and  beauty  of  the  ornaments.  Painters  are  very  fond  of  using  it ; 
but  their  endeavours  to  persuade  the  architect  should  always  be  resisted,  except  in  cases  of 
absolute  necessity,  namely,  that  in  which  a  fiur  appearance  cannot  otherwise  be  given  to 
the  work.  Some  colours  dry  badly,  black  especially,  and  in  damp  weather  they  require  a 
drier,  as  it  is  called,  which  may  be  made  from  equal  parts  of  copperas  and  litharge,  ground 
very  fine,  and  added  according  to  circumstances. 

2274.  Drying  oil  is  made  as  follows :  —  To  1  gallon  of  linseed  oil,  put  1  lb.  of  red 
lead,  1  lb.  of  umber,  and  1  lb.  of  litharge,  and  boil  them  together  for  two  or  three  hours. 
Great  care  must  be  taken  that  the  oil  does  not  boU  over,  on  account  of  the  danger  to 
which  the  premises  would  be  thereby  exposed.  Thus,  in  a  pot  capable  of  holding  fifteen 
gallons,  it  would  not  be  prudent  to  boil  more  than  one>third  of  that  quantity. 

2275.  Painters*  putty  is  made  of  whiting  and  linseed  oil,  well  beaten  together. 

2276*  The  extra  or  foncy  colours  used  in  painting  are  drabs,   French  greys,  peach  ^ 
blossom,  lilac,  light  greens,  patent  greens,  blues,  vermilion,  lake,  &c.     All  imitations,  too, 
of  woods  and  marbles,  are  executed  by  the  painter,  and  these  are  always  covered  with  one 
or  more  coats  of  varnish. 

2277.  In  outside  work  and  stairs,  the  process  of  sanding  is  firequently  adopted.  It  is 
performed  with  fine  sand  thrown  on  the  last  coat  of  paint  while  wet  The  method  of 
gilding  is  either  through  a  medium  of  oil  or  water,  the  former  being  that  most  used  in 
gilding  the  decorations  of  houses.  The  gold,  of  various  thickness,  is  furnished  by  the 
goldbeater  in  books  of  25  leaves,  each  leaf  being  Sj  by  3  in.,  or  in  the  book,  1  ft.  6  in.  and 
I  of  an  inch  superficial. 

25^8.  With  painting  is  often  connected  the  practice  of  paper-hanging  by  the  same 
artificer.  The  various  sorts  of  paper  used  for  lining  walls,  it  would  be  useless  to  describe. 
We  have  only  to  mention  that  papers  are  printed  in  pieces  of  12  yards  in  length,  and 
1  foot  8  inches  wide ;  hcnoCi  I  yard  in  length  contains  5  fiset  superficial ;  therefore,  any 
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number  of  superficial  feet  divided  by  60  (tbe  length  36  x  1  ft.  8  ins.)  will  give  the  number 
of  pieces  wanted  for  the  work.  A  ream  of  printed  paper  of  90  quires  of  :^4  sheets  to  the 
quire  is  equal  to  28  pieces  of  paper,  or  each  piece  contains  1 7  sheets. 


Skct.  XIII. 

srECIFlCATIONS. 


9279.  The  importance  of  an  aeourate  specification  or  description  of  the  materials  and 
work  to  be  used  and  performed  in  the  execution  of  a  building,  is  almost  as  great  as  the 
preparation  of  the  designs  fi^r  it.  Tbe  frequent  cost  of  works  above  the  estimated  sum,  and 
its  freedom  from  extra  charges  on  winding  up  the  accounts,  will  mainly  depend  on  the 
clearness,  fulness,  and  accuracy  of  the  specifications;  though  it  is  but  justice  to  the  archi- 
tect  to  state  that  extras  arise  idmost  as  often  from  the  caprice  of  his  employer  during  the 
progress  of  the  work,  as  firom  the  neglect  or  carelessness  of  the  architect  in  making  the 
specification.  A  specification  should  be  made  in  all  cases  of  new  designs,  additions,  or 
alterations  in  reference  to  designs,  which,  the  more  they  are  given  in  working  drawings  by 
the  architect,  the  better  will  it  be  for  his  employer,  no  less  than  for  the  artificer. 

2380.  It  is  impossible  to  frame  a  set  of  directions  which  shall  be  applicable  in  all  cases. 
What  we  here  propose  to  do  is,  to  give  something  like  a  list  or  skeleton  of  the  component 
parts  of  buildings,  firom  which  the  architect  may  select  such  as  are  suitable  to  the  parti- 
cular case  whereon  he  may  be  engaged.  We  have  not  carried  this  into  the  repairs  and 
alterations  of  houses,  because,  with  difference  of  application,  we  apprehend  what  we  are 
placing  before  the  student  will  enable  him  to  carry  the  system  forward  in  such  cases  without 
any  difiiculty.     Tbe  works  of  each  artificer  are  as  follow  :  — 

8281.  ExcAVATOK.  To  take  down  any  old  buildings  and  impediments  that  may  be  on 
the  site  of  the  new  works.  If  any  old  materials  are  to  be  used  again,  he  is  to  clean, 
sort,  and  stack  them  for  re-using  in  such  parts  of  the  premises  as  may  be  directed. 
The  rubbish,  as  well  from  these  as  from  any  superfluous  earth  that  may  come  out 
of  the  basement  and  foundations,  if  not  wanted  for  raising  the  ground  or  for  other 
purposes,  he  is  to  cart  away,  either  wholly,  or  to  such  part  of  the  premises  as  nuiy 
require  it,  on  direction  to  that  effect,  as  well  as  all  rubbish  that  may  accumulate 
in  executing  the  works. 

To  dig  out  for  basement  story  (where  one  is  to  be)  for  the  foundations,  areas,  drains, 
floors,  and  all  other  works  requisite.  To  beat  down  to  a  solid  consistence  the  ground 
forming  the  beds  of  the  trenches  for  receiving  the  foundations  and  walls,  and  after 
they  are  in,  he  is  to  fill  in  and  ram  down  the  ground  with  wooden  rammers ;  to 
level,  and  to  do  such  other  rough  groundwork  as  may  be  necessary  for  forming  the 
sectional  ground  lines  shown  upon  the  drawings.  In  basements  no  earth  is  to  be  left 
nearer  than  9  inches  to  any  floor  or  other  timbers,  such  cavities  being  by  the  speci- 
fication to  be  filled  in  with  dry  lime  core.  And,  finally,  he  is  to  leave  the  ground 
i^  altogether  free  from  all  useless  soil  or  other  materisls. 

To  bale  out  or  pump  out  and  remove  all  soil  and  water  which  may  be  necessary  for 
laying  tbe  foundations,  whether  arising  from  springs,  drains,  cesspools,  rain,  or 
otherwise,  and  to  be  answerable  for  all  accidental  damage  that  may  occur  whilst  the 
foundations  and  walls  are  carrying  up,  as  also,  when  buildings  adjoin,  for  all  damage 
that  may  occur  to  neighbouring  buildings. 

2282.  BaiCKLATza.  The  brickwork  is  to  be  executed  with  the  very  best  hard  well-burnt 
grey  stocks  (or  kiln-bumt  red  stock  bricks,  if  the  others  are  not  to  be  had),  to  be  laid  in 
flat  joints,  and  so  that  every  four  courses  shall  not  exceed  1 1 J  inches  in  height 

When  better  bricks  are  used  iot  facing  external  walls,  they  are  to  be  specified  as  best 
marie  stocks,  s&iond  marie  stocks,  or  Suffolk  white  bricks,  as  the  case  may  be,  in  which 
case  it  must  be  specified  that  no  headers  of  the  facing  arc  to  be  cut  off,  except 
where  absolutely  necessary  to  form  good  bond.  Fronts  so  §aced  must  be  described 
to  be  either  carried  up  with  a  neat  flat  parallel  ruled  joint,  or  to  be  afterwards  tuck- 
joint  pointed  if  a  very  finished  face  is  wanted,  though  the  latter  is  not  altogetlier  a 
very  soimd  practice.  In  old  work  the  joints  may  be  described  to  be  raked  out,  the 
brickwork  washed,  stained,  and  tuck-joint  pointed. 

No  plaee  or  samile  bricks  to  be  allowed  in  any  part  of  the  work,  under  a  penalty  of 
two  shillings  for  every  such  brick  that  may  be  detected  to  have  been  used. 

The  mortar  is  to  be  compounded  of  stone  lime  and  sharj)  clean  drift  sand  (if  the  work 
be  of  importance),  to  be  ground  in  a  pug-mill,  or  otherwise  to  be  well  tempered 
and  beaten  with  wooden  beaters,  and  to  be  in  the  proportion  of  one  heaped  bushel 
of  lime  to  two  of  sand. 

Qq  2 
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When  the  foundations  are  bad,  concrete  should  be  provided,  and  u  thus  described  :  it 
is  to  be  formed  in  the  proportion  of  six  parts  of  Thames  or  other  unscreened  clean 
ballast,  and  one  part  of  fresh-bumt  Dorking  (or  other)  etome  lime,  beaten  to  powder 
on  the  premises,  and  unslaked.  They  are  to  be  thoroughly  miied  in  small  quanti- 
ties at  a  time,  the  lime  at  mixing  being  slaked  with  as  small  a  quantity  of  water  am 
possible.  The  concrete,  after  mixing,  is  to  be  dropped  from  a  stage  to  be  formed 
by  the  contractor,  so  as  to  fidl  into  the  trench  provided  for  its  reception  from  a 
height  of  at  least  12  feet.  The  thickness  of  the  oonrete  thus  executed  may  vary 
from  4  feet  to  18  inches  in  height,  according  to  the  luuinefls  or  goodness  of  the 
foundation. 

EngfUeh  bond  should  be  directed,  and  the  work  should  be  specified  to  be  flushed  up  at 
every  course  with  mortar.  No  bats  to  be  allowed  except  for  closures ;  and  for 
sound  work  every  fourth  course  to  be  promted  with  liquid  mortar,  and  in  the  foun- 
dations every  course,  or  at  least  every  second  course.  The  walls,  chimneys,  their 
shafts  and  other  works  are  to  be  carried  up  of  the  height  and  thicknesses  and  in  the 
manner  shown  and  figured  on  the  several  plans  and  drawings,  together  with  all 
brickwork  requisite  for  the  completion  of  the  house.  If  the  architect  prefers,  he 
may  particularise  these,  but  the  drawings  will  show  his  meaning  better.  When  the 
work  is  within  the  bills  of  mortality,  and  not  required  to  be  of  particularly  mat 
solidity,  it  will  be  sufficient  to  describe  that  the  thicknesses  of  the  walls,  their  heights 
above  the  roofr,  &c,  shall  be  conformable  to  the  regulations  contained  in  the 
Building  Act  of  the  14th  Geo.  III.  c.  78. 

When  the  work  is  to  appear  without  a  stone  or  plaster  fiusing,  there  must  be  described 
rubbed  and  guaged  arehee  for  all  the  external  openings  that  will  be  seen  in  the  prin- 
cipal frt>nts,  of  9  or  14  inches  in  depth  (or  more  according  tQ  their  span),  accurately 
cut,  and  set  closely  in  front,  in  back,  and  on  their  sofites.  To  the  other  openings 
the  arches  are  to  be  described  plain  arches,  closely  set ;  those  which  appear  exter- 
nally to  be  tuck-pointed  on  their  outside  feces.  Over  all  lintels,  too,  in  external 
walls,  the  specification  should  provide  uncut  accurately  formed  arches. 

When  ftucicu  are  formed  of  brick,  they  must  be  described  with  their  projections,  as 
also  all  cornices  formed  by  the  arrangements  of  bricks,  whereof  the  heads  may  be 
required  to  show  as  modillions ;  but  a  drawing  should,  for  the  latter,  always  appear 
on  the  drawing  or  specification. 

When  the  shafts  of  chimneys  are  carried  up  above  the  roof,  out  of  the  conunon  way, 
they  must  be  referred  to  drawings ;  otherwise  what  relates  to  them  and  their  flues  is 
merely  described  as  follows :  —  TVcni,  parget^  and  core  the  chimney  flues,  and  finish 
the  shafts  with  salient  courses  6  inches  in  height,  with  double  pkuntile  cxeenng 
thereto,  and  for  each  flue  provide  and  fix  a  large-sised  chimney  mould ;  the  upper 
courses  of  the  shafts  above  the  creesing  to  be  laid  in  Parker's  cement.  In  most 
cases,  now,  the  flues  are  corcred  with  square  chimney  moulds,  cast  of  Pariser's 
cement,  and  may  be  described  as  plain  or  moulded,  and  otherwise  ornamented. 

When  parapets  are  not  to  be  coped  with  stone  or  cement,  they  must  be  described  ss 
finished  with  double  plaintile  creesing,  and  a  brick  on  edge  thereover,  all  Uid  in 
Parker*8  cement. 

Generally,  where  weather  is  to  be  provided  against  in  upper  courses  and  elsewhere, 
the  laying  in  Parker's  cement  must  be  described. 

Turn  trvmmna  of  4-inch  brickwork  to  all  the  fire-places  for  receiving  the  hearths 
throughout  the  building,  except  where  the  hearths  lie  on  ground  in  basement  stories. 

Where  there  are  basement  stories,  or  the  story  is  on  the  ground.  Describe  piers  9 
inches  square,  or  continued  walls  9  inches  thick,  to  carry  the  sleepers  whereon  the 
joists  of  the  floor  or  the  courses  of  paving  stone  are  to  lie ;  in  either  case  the  cavity 
is  to  be  filled,  for  at  least  9  inches  m  height,  with  dry  lime  core. 

Bed  in  mortar  all  bond  timber,  wall  or  other  plates,  lintels,  wood,  bricks,  templets, 
stone,  or  other  work  connected  with  the  brickwork.  All  the  door  and  window 
finmes  to  be  bedded  in  and  pointed  round  with  lime  and  hair  mortar.  Execute  all 
requisite  beam  fitting. 

When  the  building  is  feced  with  stone,  or  stone  dressings  are  used ;  to  the  above 
must  be  added — back  up  and  fill  in  solid  with  brickwork  all  the  stone  work  and 
iron  work  that  is  set  in  the  brickwork. 

If  cornices,  fiucias,  &c.  are  to  be  run  in  Parker's  cement,  or  other  sort  of  plaster,  the 
instruction  is  -—  Prepare  and  fix  brickwork,  and  such  Yorkshire  stone  slabs  and 
other  materials  as  may  be  necessary  for  forming  the  several  external  cornices,  pedi- 
ments, strings,  sills,  and  dressings  to  openings,  in  Parker's  cement«  Or  other  cement, 
as  the  case  may  be,  as  shown  on  the  drawings. 

Turn  arches  in  cement  (if  wanted)  for  carrying  entrance  or  other  steps.  Provide  all 
brickwork  for  stone  steps.     Turn  vaults  of  brickwork  (describe  thickness  not  k 
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than  9  inches)  over  the  intended  cellars,  according  to  the  drawing,  and  properly  cut 
all  groins  of  intersections.  The  spandrels  to  be  filled  in  with  solid  brickwork  up  to 
the  level  of  the  internal  crown  of  the  vaulting,  the  whole  grouted  with  liquid 
mortar.  When  the  centering  is  struck,  the  sofites  of  the  vaultings  are  to  be  evenly 
and  fiurly  cleaned  o£^  and  pointed. 

Construct  round  the  building  a  dry  drain,  as  shown  on  the  drawings,  the  top  of  the 
wall  thereof  to  be  level  with  the  sections  of  the  ground.  Ram  down  the  ground 
at  the  back  thereof  as  the  work  is  carried  up,  and  provide  such  stone  stays  from 
the  building  as  may  be  necessary  for  maintaining  such  wall  in  its  place. 

To  execute  proper  barrel  drains  for  draining  the  premises,  as  shown  on  the  plans,  to 
fiUl  into  a  main  sewer,  or  cesspool,  as  the  case  may  be.  The  principal  drains  to  be 
1  ft.  6  in.  and  the  smaller  ones  1 2  inch  barrelled  drains,  with  half-brick  rims,  and  the 
lower  half  of  each  drain  composed  with  pure  Parker's  cement.  At  the  foot  of  all 
rain-water,  soil,  and  waste  pipes,  proper  brick  funnels  are  to  be  formed  to  lead  down 
to  the  drain,  the  same  to  be  constructed  in  Parker's  cement.  From  all  sink-stones 
funnels  and  drains  to  be  formed  to  lead  to  the  principal  drains.  N.  B.  We  have  here 
described  the  sizes  of  drains  as  for  a  moderate-sized  mansion.  We  might  say  that 
30  inches  is  the  maximum  diameter  likely  to  be  required  for  a  large  building,  and 
none  should  be  made  less  than  9  inches  wide  with  half-brick  sides,  three  courses 
high,  arched,  and  paved. 

When  a  portico  is  deigned,  provide  and  execute  walls  for  carrying  the  columns  of 
portico,  as  shown  on  the  plan,  all  piers  or  cross  walls  for  receiving  the  landings,  and 
brickwork  to  receive  the  steps.  If  the  portico  be  of  large  siz^  describe  discharging 
arches  above  the  architrave  in  the  space  over  intercolumniationa,  and  from  return 
columns  to  main  walls.  If  a  pediment,  back  up  with  brickwork  behind  the  tym- 
panum of  pediment  quite  up  to  under  side  of  raking  cornice  of  pediment 

Wells,  when  above  6  feet  in  diameter,  should  be  describe  to  be  steaned  in  a  thickness 
of  one  brick,  and  when  less  than  that  size,  in  half  a  brick. 

When  water  cannot  be  carried  off  to  a  public  sewer  or  running  stream,  ceupoak  must 
be  formed  to  receive  it,  and  allow,  if  possible,  its  absorption  by  the  earth.  They 
are  usually  3  feet  6  inches  to  5  feet  clear  diameter,  and  are  to  be  described  as  circu- 
lar on  plan,  steaned  round  with  hard  stocks,  in  half  a  brick  thick,  laid  dry  till  within 
18  inches  ot  the  top,  which  18  inches  are  to  be  laid  in  Parker's  cement  If 
there  be  privies  or  water-closets  far  apart,  each  must  be  provided  with  a  cesspool. 
Cesspools  are  sometimes  domed  over  in  brickwork,  with  a  circular  stone  let  into 
the  eye  or  opening  at  the  top  of  the  dome ;  or  they  may  be  described  to  be  covered 
with  Yorkshire  stone. 

If  any  fence  walls  are  required,  their  footings,  thicknesses,  heights,  And  lengths  are  to 
be  mentioned,  and  of  what  bricks  they  are  to  be  built  If  any  thing  peculiar  in 
their  form,  a  section  and  elevation  should  be  given. 

Brieknogged  partition*,  which  in  practice  ought,  if  possible,  to  be  avoided,  and  are  only 
to  be  justified  where  room  is  an  object,  are  described  as  with  bricks  laid  flat*  or  on 
edge,  filled  in  between  the  quarters,  ties,  &c.  of  the  partition. 

Strong  closets  for  plate  or  deeds  require  merely  description  of  thickness  of  walls  and 
brick  arch,  and  usually  4-inch  walls  brought  up  for  holding  the  requisite  number  of 
shelves.     The  same  of  wine  cellars,  whose  bin  walls  must  be  mentioned. 

Paving  unth  bricks  is  described  to  be  either  of  stocks,  paving  bricks,  malm  paviors,  or 
clinkers,  which  may  be  laid  flat  or  on  edge  in  Band,  mortar,  or  cement,  and  either 
straight-coursed  or  herring-bone.  * 

PiMving  with  tiles  is  usually  in  mortar ;  the  tiles  may  be  either  10  or  12  inches  square. 

j4U  splags,  ramps,  and  cheuts  to  be  cut  where  wanted ;  the  two  former  to  be  rubbed 
where  necessary,  and  the  latter  to  be  pargetted 

Bruk  ovens  (one  10  feet  wide  and  8  feet  6  inches  oeep  will  bake  twcive  oushels  of  Ivead, 
and  one  8  feet  wide  and  7  feet  deep  will  bake  eight  bushels,  and  so  in  proportion)  are 
to  be  constructed  with  Welsh  lumps  or  fire  bricks  for  fire-place,  domed  over,  and 
hooped  with  iron  hoops.  The  bricklayer  is  to  provide  the  bars,  plate  door,  bar  to  the 
archway  of  door,  and  other  ironwork,  and  to  carry  up  a  proper  flue  from  the  fire. 

Jron  ovens.  The  bricklayer  is  to  set  in  proper  brickwork  an  iron  oven  capable  of 
baking  two  bushels  of  bread. 

Coppers  and  stewing  stoves  to  be  set  neatly  in  brickwork,  the  latter  in  guaged  brick- 
work with  tile  top,  and  proper  flues  carried  up  therefrom. 

Culvmns  to  porticoes  or  fronts  which  are  to  be  coated  with  cement  must  be  described 
of  such  diameters  as  the  drawings  for  finishing  require,  with  entablature,  &&,  as  the 
case  may  be,  carried  up  in  Parker's  cement 

In  describing  stables,  beudes  what  may  be  applicable  from  the  foregoing  directions, 
two  air-Jlues  are  to  be  constructed  to  each  stall  and  loose  boXi  9  inches  square,  and 
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curried  up  over  the  racks  within  the  thickness  of  the  brickwork,  communicating  at 
their  tops  with  the  eiternal  air  by  curved  tops  to  secure  them  from  the  penetration 
of  the  rain.  Dung-pit  wixBa,  whose  dimensions  depend  on  the  use  of  the  stables. 
lAme  white  walls  of  stables. 

If  roo&  are  covered  with  tiles,  either  pan  or  plain.  The  description  for  the  former 
will  be  either  laid  dry,  or  bedded  in  lime  and  hair,  or  pointed  outside  or  inside, 
or  on  both  sides ;  or  if  glased  pantiling,  to  be  so  described,  laid  to  a  lO^inch  guage 
on  stout  fir  laths,  with  hip,  ridge,  and  valley  tiles,  filleting  cutting  to  splays,  beam 
filling,  punted  T  nails,  hip  hooks,  &c.  Plain  tiling  is  described  as  laid  to  a  close 
guage  on  heart  of  oak  double  laths,  with  all  the  plaintiles  pegged.  The  hip  and 
ridge  tiles  to  be  set  in  Parker's  cement,  with  T  naib  dipped  in  melted  hot  pitch 
in  all  the  joints.  Strong,  similarly  pitched,  wrought  iron  hip  hooks.  Filletings  of 
Parker's  cement,  with  strong  cast  iron  nails  for  forming  a  key  driven  into  the  walls 
or  other  brickwork  at  intervals,  close  enough  to  secure  the  same. 

In  cases  of  underpinning  the  bricklayer  is  to  cut  all  holes  for  the  needles,  and  to  re- 
move the  old  work,  and  to  bring  up  the  work  in  Parker's  cement  on  concrete 
foundation ;  and,  finally,  drive  the  cast  iron  wedges  for  bringing  the  work  to  a  solid 
bearing. 

Where  inverted  arches  are  used  in  foundations  they  must  be  shown  on  the  drawings. 

Provide,  according  to  the  extent  of  the  job,  a  certain  number  of  rods  of  brickwork  for 
such  extras  as  may  be  ordered  by  the  architect ;  and  if  the  whole  or  any  part  thereof 
should  not  be  wanted,  a  deduction  to  be  made  on  settling  the  accounts  for  so  much 
thereof  as  shall  not  have  been  used,  at  a  price  per  rod  to  be  named. 

To  build  all  the  walls  level,  except  otherwise  directed ;  to  be  answerable  for  all  damage 
that  may  occur  to  the  woik,  by  settlements  or  otherwise,  during  the  time  of 
building,  and  to  make  good  the  same  as  the  architect  shall  direct ;  and,  further,  to 
perform  all  such  jobbing  work  as  shall  be  necessary  for  completely  finishing  the 
building.  To  provide  good  sound  and  sufficient  scafifolding,  which  is  to  remain  for 
the  use* of  the  mason,  carpenter,  and  other  artificers  that  may  have  occasion  to 
'  use  the  same. 

To  pay  the  proper  f^  to  the  district,  sewer,  and  paving  surveyors,  and  to  give  the 
necessary  notices  and  obtain  the  proper  licences  in  their  departments  for  executing 
the  works.    This  only  applies  in  the  bills  of  mortality,  where  there  are  such  oflicers. 

S283.  Slater.  To  cover  the  roo6  with  the  best  strong  Westmoreland,  Tavistock,  Welsh 
rag,  imperial,  queen,  duchess,  countess,  ladies,  or  double  slating,  (as  the  architect  may 
think  most  appropriate,  each  being  named  in  the  order  of  the  value  and  quality,) 
securely  fixed  with  best  strong  copper  nails.  Every  part  to  be  properly  bonded, 
especially  at  the  eaves  and  heading  courses  thereof,  with  slates  out  to  keep  the  bond 
uniform.     No  slates  to  be  laid  lengthwise. 

Fillets  against  the  brickwork,  where  requisite,  of  Parker's  cement ;  such  fillets  to  be 
formea  with  nails  driven  at  proper  intervals  to  form  a  hold  for  the  cement  (where 
lead  step  flashings  are  intended  the  fillets  need  not  be  described).  Fillets  of  brick 
or  stone  may  be  built  up  with  the  wall,  level  or  raking;  and  if  they  should  be  pre- 
ferred by  the  architect,  they  must  be  described  in  the  bricklayer's  or  mason's  works. 

All  the  slating  is  to  be  rendered  up  perfect  on  completing  the  builduig,  and  all 
jobbing  work  to  be  performed  that  may  become  necessary  as  the  work  is  carried  on. 

If  the  slating  is  required  to  be  rendered  as  air-tight  as  possible,  it  must  be  described 
to  be  pointed  on  the  inside  with  stone  lime  mortar,  with  a  proper  quantity  of  hair 
therein ;  but  the  pointing  of  either  slates  or  tiles,  from  the  Constant  expansion  and 
contraction  arising  from  heat  and  cold,  soon  fidls  out  and  becomes  useless.  Slater 
to  be  answerable  twelve  months  for  his  work. 

If  slate  skirtings  and  cisterns  are  intended  about  the  building,  they  must  be  par- 
ticularly described. 

8284.  Masok.  The  stone  to  be  used  in  a  building  generally  depends  of  course  on  the  place 
where  it  is  to  be  built,  unless,  without  regard  to  expense,  the  employer  determines 
on  the  use  of  any  particular  sort ;  in  which  case  the  account  of  the  different  quarries 
of  the  provinces,  given  in  Chap.  II.  Section  II.  of  this  Book,  will  furnish  the 
architect  with  the  means  of  describing  the  best  of  its  sort.  For  the  choice,  therefore, 
where  it  is  left  to  the  architect  to  decide,  we  must  refer  him  to  that  account.  In 
the  neighbourhood  of  London  that  from  the  island  of  Portland  is  most  used. 
Granite  is  chiefly  used  where  great  strains  and  pressures  occur,  or  where  wear  and 
tear  and  the  action  of  the  weather  indicate  its  employment. 
Having  described  the  sort  of  stone  selected  to  be  of  the  best  quality,  free  from  all 
vents,  shakes,  &c,  the  next  direction  is,  that  it  shall  be  throughout  laid  in  tlie  direc- 
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tion  of  its  natural  bed  in  the  quarry ;  and  if  the  whole  building  is  of  stone,  many  of 
the  following  particulars  will  be  unnecessary, — ^which  of  them  will  immediately  speak 
for  themselves.  Where  the  building  is  oidy  faced  with  stone,  the  specification  will 
run  as  follows:  —  The  .  .  .  fronts  (describing  them)  are  to  be  fiiced  with  Portland 
(or  other,  as  the  case  may  be)  stone,  ashlaring  in  courses  to  fkll  in  with  the  courses 
of  brickwork,  carried  up  after  the  manner  of  Flemish  bond.  The  stretchers  of 
such  ashlaring  being  4|  inches  deep  and  the  headers  9  inches,  with  bond  stones 
running  through  the  whole  thickness  of  the  wall  in  the  proportion  of  -^  of  the 
face,  to  be  introduced  where  the  piers  allow.  No  quoins  to  show  a  thickness  of 
less  than  1 2  inches.  The  whole  to  be  cramped  with  iron  cramps  to  the  satis&ction 
of  the  architect,  the  mason  finding  the  same,  and  properly  running  them  with  lead. 

In  cases  where  the  building  is  of  brick  with  stone  dressings,  the  specification  will  run 
thus :  —  To  provide  and  set  a  Portland  stone  (or  other  stone  or  granite)  plinth  all 
round  (or  part,  as  the  case  may  be)  the  building, .  .  .  feet .  .  .  inches  high  and  8| 
thick,  in  stones  not  less  than  S  feet  in  length,  the  vertical  joints  to  be  cramped  with 
T  cramps  not  less  than  12  inches  long.  Describe  whether  joints  are  to  be  close  or 
channelled,  and  whether  ashlar  is  to  be  rusticked  (rockworked).  To  provide  and 
fix  at  the  angles  of  the  building,  as  shown  upon  the  drawings,  solid  quoins  of 
Portland  (or  other,  as  the  case  may  be)  stone  [here  describe  whether  close,  cham- 
posed,  or  channelled  joints,  and  whether  rusticked  (rockworked)J  of  the  length  and 
height  shown. 

To  provide  and  fix,  as  shown,  string  courses,  scantling  ....  inches  by  ...  .  inches, 
throated  and  bevelled  on  the  upper  face,  and  the  joints  plugged  with  lead. 

To  provide  and  fix,  as  shown  on  the  drawings,  a  cornice  and  blocking  course,  scantling 
...  by  ... ,  moulded  according  to  the  drawings,  the  bed  to  be  such  that  the  weight 
of  each  block  of  stone  in  the  projecting  part  shall  not  be  equal  to  that  on  the  bed 
by  one  fourth  of  its  cubic  contents,  llie  same  to  be  executed  according  to  the 
drawings ;  to  have  proper  sunk  water  joints,  and  to  be  channelled  and  plugged  with 
lead  at  all  the  joints. 

Blocking  course,  as  shown  on  tne  drawings, . .  .  inches  high, .  .  .  thick  on  the  bed,  and 
...  on  the  top,  plugged  with  lead  at  all  the  joints,  with  solid  block  at  the  quoins 
returned  at  least  24  inches. 

Balustrades  (if  any)  to  be  provided  of  the  heights  and  sizes  snown  on  the  drawmgs 
and  section  thereof  The  balusters  to  be  wrought  out  of  stone,  allowing  at  least  1 
inch  of  joggle  at  their  ends  into  the  plinth  and  impost  All  the  vertical  joints  to 
be  well  plugged  with  lead;  the  impost  to  be  cramped  with  cast  iron  (or  bell 
metal),  and  the  whole  to  be  securely  fixed.  The  half  balusters  to  be  worked  out 
of  the  same  block  of  stone  as  their  adjoining  pedestal. 

Columns  and  pilasters  (if  any),  with  pedestals,  capitals,  bases,  plinths,  &c.,  and  en- 
tablature, to  be  provided  and  fixed  as  shown  on  the  drawings.  The  columns  and 
pilasters  not  to  be  in  courses  of  more  than  .  .  .  blocks  of  stone.  'Vhe  architraves  to 
be  joggled  from  those  resting  on  the  columns  or  pilasters  themselves,  and  these  as 
well  as  the  frieze  and  cornice  to  break  joint  over  the  architrave.  The  architraves, 
if  blocks  of  stone  can  be  supplied  large  enough,  to  be  in  one  block  from  centre  to 
centre  of  column,  with  return  architraves  in  like  manner.  The  whole  of  the  en- 
tablature (as  well  as  the  pediment,  if  any)  to  be  executed  with  all  requisite  joggles 
and  cramps ;  and  if  a  pediment  be  projected,  the  apex  to  be  in  one  stone,  as  shall  be 
approved  by  the  architect.  The  pilasters  (if  any)  to  be  bonded  not  less  than  .  .  . 
inches  into  the  wall,  against  which  they  are  placed  in  every  other  course.  Tlie 
sofites  of  the  portico  to  be,  as  shown  on  the  plan  and  sections,  formed  into  panels 
and  ornamented.  Provide  and  let  into  the  top  of  the  architrave  good  and  sufficient 
chain  bars,  with  stubs  on  the  under  side  for  letting  into  every  stone  composing  the 
architrave. 

If  the  portico  be  very  large,  it  is  not  necessary  to  make  the  firieze  solid,  but  concealed 
arches  should  be  turned  in  the  space  ttom.  column  to  colunm  to  support  the  super- 
incumbent weight  of  the  cornice  and  pediment.  If  the  columns  are  fluted,  it  must 
be  mentioned. 

When  a  pediment,  the  tympanum  may  be  described  to  be  fifu^ed  with  ashlaring. 

To  construct  and  fix  dressings  and  sills  to  the  external  windows  and  doors,  as  shown 
on  the  drawings,  with  all  such  throated,  sunk,  moulded,  carved,  rebated,  and  other 
works  as  may  be  necessary. 

If  a  portico  is  shown,  to  provide  and  fix  of  solid  .  .  .  stone  .  .  .  steps  round  the  por- 
tico scantling  ...  by  ...  ,  properly  bock -jointed  and  worked  all  over ;  and  within 
the  portico  to  provide  and  fix  a  complete  landing  of  stone,  at  least  4  inches  thick 
(or  less,  if  a  small  portico),  in  slabs,  as  shown.  The  joints  of  the  steps  and  land- 
ings are  to  be  joggled  and  run  with  lead. 

Qq  4 
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All  onuiments,  camng,  enrichment  of  capitals,  of  columns  and  pilastera*  and  of  such 
as  may  be  ^own  in  the  entablature,  is  to  be  executed  in  an  artist-like  good  style. 
Models  from  the  working  drawings  are  to  be  made  at  the  contractor's  expense,  and 
the  whole  to  be  executed  to  the  satisfaction  of  the  architect 

The  order  may  be  described  if  the  working  drawings  are  not  sufficiently  made  out 

Provide  and  fix  plinths  and  base  mouldings  to  the  portico,  as  shown  on  the  drawings, 
to  be  worked  out  of  (describe  stone)  .  .  .  stone  of .  .  .  by  .  .  .  scantling. 

Finish  the  chimney  shafts  with  mouldings  as  shown  in  the  drawings,  or  with  sunk 
moulded  and  throated  copings, .  .  .  inches  wide  and  .  .  .  inches  thick. 

To  describe  sills  generally,  take  the  following :  <— 

Sills  to  .  .  .  windows  of  Portland  stone,  9|  by  6  inches. 

Sills  to .  .  .  windows  moulded  and  of  Portland  stone,  14  by  8  inches. 

Sills  to .  .  .  windows  of  Aberdeen  granite,,  £nely  tooled,  scantling  14  inches  by  9 

inches. 
Sills  to .  .  .  windows  of  Portland  ston^  9  by  5  inches. 

All  window  sills  are  to  be  properly  sunk,  weathered,  and  throated,  and  at  each  end 
to  be  4  inches  longer  than  the  opening. 

To  provide  and  lay  to  all  the  walls  Yorkshire  stone  3  inches  thick  and  4  inches  on 
each  side  wider  than  the  several  lowest  footings,  in  slabs  of  one  length  across  the 
width  of  the  footing. 

If  balconies  to  a  house,  describe  thus :  —  A  balcony  landing  of  Portland  stone  .... 
inches  thick,  moulded  on  the  edges  and  the  pieces  joggled  together,  and  run  with 
lead,  to  be  provided  with  holes  cut  therein  for  the  iron  railing.  The  said  balcony 
is  to  be  tailed  into  the  wall,  and  securely  pinned  up. 

Steps  to  doorways  must  be  described  as  to  scantlings.  All  external  steps  should  be 
weathered. 

Where  story  posts  are  used  in  a  front,  it  is  well  to  place  alons;  the  firont  two  pieces  of 
parallel  square  Aberdeen  or  other  good  granite  curb  scantling,  1 2  inches  by  9  inches, 
cut  out  to  receive  the  bases  of  the  columns  and  story  posts. 

For  a  back  staircase,  carry  up  and  construct  a  staircase  from  the  basement  to  the  prin- 
cipal floor,  with  solid  Yorkshire  quarry  steps  1 3  inches  wide  and  6\  inches  high, 
properly  back-jointed  and  pinned  into  the  brickwork ;  cut  holes  for  the  iron  ba- 
lustres.  N.  B.  Iliis  sort  of  staircase  of  Portland  will  serve  also  for  back  stairs 
of  upper  flights.  That  from  the  basement  may  also  be  made  of  granite  street  curb, 
1 2  by  7  or  8  inches.  A  staircase  may,  for  cheapness,  be  made  of  Yorkshire  stone 
paving  S  inches  thick,  wrought  with  fiur  tooled  edges,  and  securely  pinned  into  the 
brickwork. 

Principal  stairs  to  be  of  Portland  stone  (as  may  be),  to  extend  from  principal  to  .  .  . 
floor,  with  steps  and  square  (or  semicircular,  as  may  be)  landings,  entirely  of  solid 
stone,  tailed  9  inches  into  the  brickwork,  with  moulded  nosmgs  and  returned 
nosings,  and  also  at  the  back.  The  sofites  to  be  moulded  to  the  shapes  of  the  ends 
of  the  steps.  The  landings  to  be  6  inches  thick,  with  moulded  nosings  and  joggled 
joints,  run  with  lead,  to  be  inserted  at  least  4  inches  in  the  walls,  but  such  as  tail 
into  the  walls,  as  steps,  must  go  at  least  9  inches  into  the  walls. 

When  the  under  sides  of  the  steps  of  the  geometrical  staircase  are  not  moulded,  the 
nosings  are  returned  so  as  to  fkll  beyond  the  upright  line  of  the  succeeding  tread  ; 
in  this  case  the  sofite  or  string  is  plain  wrought 

Pave  the  entrance  hall  and  principal  stiurcase,  together  with  (any  apartments  wished) 
with  the  best .  .  .  marble,  and  border  according  to  the  pattern  drawn. 

The  back  staircase  (and  such  other  parts  as  require  it)  is  to  be  paved  with  Portland 
stone  2  inches  thick,  laid  in  squares,  and  with  a  border  8  inches  square. 

Dairy,  if  any,  to  be  paved  with  ....  stone,  in  regular  courses  ....  inches 
thick.  Provide  a  shelf  or  dresser  round  the  said  dairy  of  veined  marble  1  inch 
thick,  and  a  skirting  round  it  6  inches  high,  llie  dresser  to  go  into  the  wall  1 
inch,  and  to  be  supported  on  veined  marble  piers  4  inches  square. 

Pave  the  scullery,  larder,  pantry,  passages,  lobbies  (and  such  other  places  as  may  re> 
quire  mention),  with  rubbed  Yorkshire  stone  2}  inches  thick,  laid  in  regular  courses 
with  close  rubbed  joints. 

Pave  the  bottom  of  the  air  drain  with  Yorkshire  paving. 

Yards  may  be  paved  with  2)-inch  Yorkshire  paving,  or  such  other  as  the  place  afibrds, 
as  in  common  use.     The  same  to  basement  stories. 

To  fit  up  the  wine  cellar  with  bins,  as  per  drawing,  with  3-inch  Yorkshire  stone 
shelves  (some  prefor  slate),  fiiirly  tooled,  and  set  in  Parker's  cement 

To  provide  and  fix  a  warm  bath  of  veined  marble ;  render  waterproof  by  being  properly 
set  in  Dutch  tarras,  and  plugged  and  cramped  with  copper  at  the  joints,  with  aU 
requinte  finishing.     A  marble  step  round  two  sides  of  the  bath.     Cut  all  holes 
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neceasary  for  laying  on  the  water.     A  bath  may  be  limilarly  made  of  alate,  which 
is  of  course  much  cheaper. 

Where  iron  girders  are  used,  describe  ....  pieces  of  granite  street  curb,  each  .... 
feet  long,  to  receive  the  ends  of  the  cast  iron  girders. 

Where  chimneys  project  without  support  from  below,  corbels  must  be  described  pro- 
portioned to  the  weight  they  have  to  carry.  Ilie  best  corbel,  however,  is  the  gradual 
projection  of  the  work  by  inverted  steps,  which,  if  there  be  height  to  hide  them, 
should  always  be  the  mode  of  execution. 

Cellar  doorways  should  ha%'e  in  each  of  them  three  pieces  of  Portland  or  other  such 
stone,  1 8  inches  wide,  1 8  inches  long,  and  9  uiches  high,  cut  out  to  receive  the  hinges 
and  rim  of  the  lock. 

All  fire-places  should  have  back  hearths  of  2|>inoh  rubbed  Yorkshire  stone. 

The  commonest  chinmey-pieces  that  can  be  described  are  of  l)-inch  Portland,  jambs, 
mantels,  and  shelves,  6  inches  wide;  slabs  of  S-inch  Portland  stone,  20  inches 
wide. 

For  butler's  and  housekeeper's  rooms  drawings  are  usually  given.  They  may  be  of 
Portland  stone  slabs,  2  inches  thick,  4  feet  long,  and  1  foot  8  inches  wide. 

For  a  kitchen  chimney,  describe  jambs  and  mantle  of  2-inch  Portland  stone,  10  (or 
12;  inches  wide,  with  a  slab  of  2)-inch  rubbed  Yorkshire  stone.  The  mantel  to  be 
in  one  piece. 

For  the  several  rooms  where  marble  chimney-pieces  are  to  be  placed,  chimney-pieces 
are  described  to  be  provided  of  a  given  value,  varying  in  the  less  important  to  the 
best  apartments,  from  eight  or  ten  up  to  1 00  guineas  or  more  in  value,  of  such  marble 
as  the  employer  may  select :  but  if  the  working  drawings  have  been  fully  prepared, 
this  is  a  matter  which  need  not  be  left  in  uncertainty.  It  must  always  be  provided 
in  the  specification  that  the  slabs  are  included,  and  that  the  price  is  or  is  not  (as  the 
case  may  be)  to  include  the  carriage  and  fixing. 

Sinks  of  Portland  or  other  stones,  7  inches  thick  (describing  the  sixe  required),  to  be 
provided  and  fixed  as  shown  in  the  drawings,  with  holes  cut  for  the  grating  and 
socket  pipe,  and  fixed  with  all  requisite  bearers  complete. 

Sink  stones  to  be  provided  where  shown  on  the  plan.  The  joints  generally  are  to  be 
where  exhibited  on  the  drawings,  and  the  work  is  to  be  left  perfectly  cleaned  off,  all 
necessary  joggles,  joints,  rebates,  moulded,  sunk,  weathered  and  throated  works, 
grooves,  chases,  holes,  back  joints,  and  fair  edges,  that  may  be  necessary  in  any  part 
of  the  work,  and  all  jobbing,  though  not  particularly  mentioned  under  the  several 
heads,  is  to  be  performed  that  may  be  requisite  for  the  execution  of  the  building,  and 
all  the  work  is  to  be  well  cleaned  off  before  delivering  it  up.  The  whole  of  the  work 
is  to  be  warranted  perfect,  and  any  damage  that  may  occur  to  it  by  reason  of  frost 
or  settiement  within  two  years  after  the  completion  of  the  building  is  to  be  repaired, 
under  the  architect's  direction,  at  the  sole  expense  of  the  contractor. 

All  mortar  is  to  be  of  the  same  quality  as  that  described  in  the  bricklayer's  work. 

Tlie  contractor  is  to  provide  lead  to  run  the  cramps  and  joints. 

In  works  within  the  bills  of  mortality,  the  contractor  is  to  pay  the  expense,  under  the 
commisrioners  of  sewers  or  paving,  as  the  case  may  be,  of  making  good  the  street 
paving  to  the  areas,  plinths,  and  steps  abutting  thereon. 

To  provide  and  fix  under  the  contract ....  cubic  feet  of . .  .  .  stone,  including, 
plain  work  and  setting  thereto,  also  ....  superficial  feet  of  21-inch  Yorkshire 
paving,  laid  in  regular  courses ;  and  in  case  the  whole  or  any  part  of  either  or  both 
sliould  not  be  wanted,  the  quantity  not  used  or  directed  diall  be  deducted  from 
the  amount  of  the  consideration  of  the  contract  after  the  rate  of  ....  per  foot 
of  cubic  stone  and  ....  per  foot  superficial  for  the  Yorkshire  paving,  including  the 
workmanship  and  fixing  thereof. 

In  stables,  granite  should  be  provided  to  receive  the  heel -posts  if  cast-iron  be  not  em- 
ployed, and  at  the  piers  of  gates,  hinge  and  spur  stones,  the  latter,  of  granite,  if  to  be 
had,  should  be  described.  The  caps  and  bars  of  the  last  can  be  described  only  with 
reference  to  the  drawings  of  them. 

The  paving  of  stables  ami  their  courts  u  described  thus :  Prepare  the  ground  for 
paving  (stating  where)  with  good  and  sufficient  hard  materials,  and  pave  it  with 
Aberdeen  granite  paving,  properly  dressed  and  sorted,  8  inches  deep  and  5  inches 
wide  at  the  top  and  bottom  thereof.  The  whole  to  be  laid  with  good  currents  upon 
a  layer  4  inches  at  least  in  thickness  of  good  rough  gravel,  the  joints  of  the  surfece 
to  be  run  with  stone  lime  and  river  sand  grouting.  It  is  to  be  well  rammed,  and 
the  contractor  is  to  relay,  at  his  own  expense,  all  such  parts  as  may  sink  within 
eighteen  months  of  the  work  being  completed. 

Where  the  work  is  within  the  bills  of  mortality,  or  within  a  town,  specify  that  a  suf- 
ficient hoarding  is  to  be  erected  for  enclosing  the  premises  during  the  execution  of  the 
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works,  which  is  to  be  removed  and  carried  away  when  they  are  complete.  So,  also, 
all  shoring  is  to  be  provided,  if  the  works  be  alterations,  or  the  adjoining  buildings 
may  be  iijjured  by  carrying  them  into  effect.  The  shoring  is  to  be  performed  in  a 
safe,  scientific,  and  workmanlike  manner,  of  the  fronts,  floors,  or  otherwise,  as  the 
caae  may  be. 

9985.  CxaptNTBa  and  Joinaa.  IVhere  the  extent  of  the  works  requires  a  clerk  of  the 
works ;  a  direction  must  be  given  to  provide,  erect,  and  muntam,  during  their  per* 
formance,  a  temporary  office  for  the  clerk  of  the  works,  with  all  appurtenances 
complete,  with  stool,  table,  and  all  other  requisite  furniture. 

All  materials  requisite  for  completion  of  the  buildings  according  to  the  drawings  are 
to  be  provided  by  the  contractor.  The  oak  is  to  be  of  English  growth ;  the  timber 
not  specified  of  oak  is  to  be  of  the  best  Dantsic,  Riga,  or  Memel  yellow  fir.  No 
American,  Swedish,  or  Scotch  fir  to  be  used  in  any  part  of  the  building.  All  the 
floors  and  joiner's  work  are,  except  where  otherwise  directed,  to  be  of  the  best 
Christiana  deals.  The  timbers  and  deals  are  to  be  cut  square,  entirely  free  from 
sapwood,  shakes,  large  knots,  and  all  other  defects.     If  any  part  or  parts  of  the 

'  joiner's  work  should  shrink  or  fly  within  eighteen  months  from  the  finishing  and 
fixing  the  same,  the  contractor  is  to  take  down,  refix,  and  make  good  the  same,  to- 
gether with  all  works  that  may  be  affected  thereby,  at  his  own  expense. 

No  joists,  rafters,  or  quarters  are  in  any  case,  unless  particularly  so  directed,  to  be 
more  than  1 9  inches  clear  distance  from  one  another. 

To  provide  and  fix,  ease,  and  strike  all  centering  and  turning  pieces  for  the  vaults, 
arches,  trimmers,  and  other  works.  Provide  all  temporary  shores  that  may  be  ne- 
cessary. Fix  all  iron-work  of  every  description.  Provide  and  fix  all  necessary 
templets,  linings,  blocks,  stops,  casings,  beads,  springing  fillets,  angle  staffs,  grounds, 
linings,  backings,  furrings,  cappings,  and  other  finishings  incident  to  carpenters'  and 
joiners*  works,  together  with  all  necessary  grooving,  rebating,  framing,  tonguing, 
housing,  beading,  mitring,  framing,  and  oUier  workmanship  necessary  for  completing 
the  works. 

To  provide  good  and  secure  casing  for  all  the  stone  dressings,  to  protect  the  same  from 
injury  during  the  execution  of  the  works ;  and  any  accident  arising  from  neglect  in 
this  respect  is  to  be  made  good  at  the  expense  of  the  carpenter. 

Bond  timber.     One  tier  is  generally  enough  for  basement  story. 
Two  tiers  in  the  other  floors,  unless  very  lofVy. 
One  tier  in  the  upper  story. 

4  inches  by  9^  inches  all  around  the  walls,  except  where  intercepted  by  the  chim- 
neys, to  be  lapped  together,  where  joints  occur,  at  least  6  inches,  and  to  be  pro- 
perly spiked  together.  Party  walls  may  be  bonded  with  iron  hooping,  if  thought 
proper,  for  a  greater  security  against  fire. 

To  find  and  fix  all  wood  bricks  ror  fixing  the  finishings  to. 

Provide  and  fix  all  lintels,  and  filling  in  lintels  that  may  be  necessary  to  the  several 

openings :  each  to  be  4  inches  high,  of  the  width  of  the  brick  work,  and  16  inches 

longer  than  the  opemng. 
Two  small  lintels  will  do  if  the  width  of  the  sofite  be  considerable,  and  arches  as 

directed  in  the  bricklayer's  work  be  turned. 
For  ground  or  raiher  basement  ^oon,  walls  are  brought  up  for  receiving  oak  sleepers, 

5  by  3  inches ;  on  which  fir  joists  4)  by  9J  are  generally  the  scantlings  employed. 
For  other  floors.     Wall  plates  6  by  4  are  described. 

Girders  -  -  *l  All  which,  with  their  requisite 

Joists  of  all  descriptions,  according  I      scantlings,  will  be  found  in 
to  the  kind  of  fioor         -  T      Practic^  Carpentry.  (2013,  et 

Trimmers  and  trimming  joists        J      seq. ) 

Cradling  to  the  girders  and  such  parts  as  may  be  necessary  to  form 
panels  and  coffers  on  the  under  side  for  the  ceiling,  if  such  be 
practised. 
Where  it  is  necessary  to  truss  the  girders,  that  must  be  stated. 
Cock  down  all  girders  on  the  wall  plates.     Pin  bridging  joists  to  binders  with  {-inch 

oak  pins. 
For  roofgy  wall  plates  should  be  at  least  6  inches  by  6  inches. 

For  the  difierent  timbers  of  the  several  sorts  of  roo&,  the  reader  will  refer  to  the 
section  on  Practical  Carpentry,  where  they  are  described,  and  scantlings  given 
of  works  that  have  been  executed.  (2097,  et  »eq. )  Ceiling  joists  also  to  be  de- 
scribed. 
To  what  is  there  found,  we  may  add,  that  hips  and  ridges  rounded  for  lead  ought 
to  be  10  by  2. 
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Where  close  boarding  is  used,  it  should  not  be  less  than  )  to  aui  inch  thick.  If  battens 
for  slating,  they  should  be  2}  inches  wide ;  the  first  should  be  nailed  with  eightpenny 
nails.     Provide  lear  boards. 

We  prefer,  on  many  accounts,  and,  indeed,  ourselves  usually  adopt,  the  Italian  method 
of  laying  the  rafters  horixontally  as  so  many  purlines.  For  the  boarding  thus  lying 
lengthwise  towards  the  gable,  any  wet  that  may  find  its  way  on  to  it  from  defective 
slates  or  lead,  is  not  apt  to  lodge  against  and  rot  the  edges. 

Flats  are  described  with  wall  plates  usually  6  by  6.  Trimmers  and  trimming  joists 
against  chimneys,  and  where  skylights  occur;  and  1^  inch  yellow  deal  boarding, 
listed,  free  from  sapwood,  laid  with  a  current  of  l^inch  to  10  feet  lineal,  with  2i 
drips  to  heading  joints,  of  lead  rolls  to  longitudinal  joints,  and  inch  yellow  deal 
risers  not  less  than  4  inches  wide  next  the  gutter 

Gutters  to  the  roof  or  roofs  are  to  be  as  shown  on  the  plan,  with  inch  yellow  deal 
bottoms  on  strong  fir  bearers,  and  laid  with  a  current  of  1}  mchcs  to  every  10 
feet ;  2J  rebated  drips,  and  at  the  sides  to  have  ||-inch  deal  lear  boards,  9  inches  wide. 
Gutter  boards  are  rarely  more  than  l\  inch  thick. 

Gutter  plates,  if  any,  to  be  described,  but  they  should  never  be  used  without  support 
from  below. 

Trim  for  trap  doors,  if  any,  leading  to  the  roof,  and  provide  and  fix  dormers  with  all 
necessary  framing. 

Cheeks,  doors,  beaded  stops  and  linings,  and  ironmongery.  Boarding  for  slating  or 
lead  to  top  and  cheeks,  as  the  case  may  be. 

Dormers  may  be  similarly  described  for  windows  in  the  roof. 

Quartered  partitions,  where  shown  on  the  plan,  with  heads  and  sills  4  inches  by  4 
incheSb  Ties  above  the  doors  4  inches  by  5  inches.  Posts  4  inches  by  .S|  inches. 
Braces  or  struts  9  inches  square.  Quarters  4  inches  by  2  inches,  and  three  tiers 
of  interties,  1  inch  by  2J  inches.  In  cases  where  partitions  are  to  be  trussed  for 
carrying  either  their  own  or  some  additional  weight,  reference  must  be  made  to 
drawings. 

To  put  to  ...  .  floors  (or  to  the  whole  if  desired)  sounding  hoarding  of  }*inch  deal, 
chopped  and  fixed  upon  fillets  to  receive  the  pugging. 

All  external  walls  should  be  described  to  be  battened.  The  thickness  of  the  battens 
is  usually  from  ]-inch  to  IJ-inch,  their  widths  2\  inches,  and  they  are  placed 
from  7  to  1 2  inches  apart  If  no  bond  timber  to  nail  them  to,  plugs  must  be  let 
into  the  walls. 

Bracketing  and  cradling  is  usually,  for  cornices,  cones,  &c,  H  inch  thick  ;  for  enta- 
blatures, circular  sofites,  and  waggon-headed  ceilings,  1)  to  2  inches  thick. 

All  bearers  to  be  fixed  and  provided  as  shall  be  necessary. 

Weather  boarding  of  the  best  sort  is  described  as  S-inch  yellow  deal,  wrought,  or 
wrought  and  beaded. 

Luflfer  boarding  ought  to  be  of  1  -inch  deal,  wrought  two  sides  and  splayed. 

Warehouse  posts  must  be  described  with  their  relation  to  the  weight  they  are  to  carry 
(sec  Mechanical  Carpentry,  1600,  et  »eq.),  the  caps  to  them  should  be  long,  so  that 
they  may  not  press  into  the  girders,  and,  if  practicable,  iron  dowels  should  pass 
through  the  girders  to  catch  the  bases  of  the  posts  in  the  floor  above. 

In  ordinary  cases  fir  story  are  about  9  inches  square.  Oak  caps  3  feet  long,  with 
splayed  ends  9  by  6.  Flools  are  usually  rough,  not  less  than  1  ^inch  deal  re- 
bated. 

Water  trunks  are  made  of  sizes  fit>m  4  to  6  inches  or  more  square,  of  ]-inch  to  1  ^inch 
deal.  They  are  always  to  be  described  as  pitched  and  fixed  complete,  with  hopper 
heads  and  shoes,  wall  hooks,  hold&sts,  &c. 

Park  paling  is  of  the  following  varieties,  and  must  be  described  accordingly  :  — 
4-feet  oak  cleft  pales,  2  arris  rails  and  oak  posts. 
5-feet  oak  deft  pales,  2  arris  rails  and  oak  posts. 
6-feet  oak  cleft  pales,  3  arris  rails  and  oak  posts. 
If  there  is  to  be  an  oak  plank  at  the  bottom,  and  oak  capping  at  top,  they  must  be 
specially  mentioned. 

To  provide  and  fix  .  .  .  cubic  feet  of  Baltic  yellow  fir  timber,  with  all  labour  thereto, 
beyond  the  quantity  necessary  for  the  work  herein  described,  to  be  used  in  such 
additional  works  as  may  be  directed  by  the  architect ;  and  if  the  whole  or  any 
part  thereof  should  not  be  ordered,  the  same  shall  be  deducted  from  the  amount 
of  the  consideration  of  the  contract,  after  the  rate  of .  . .  per  foot  cube.  AH  ad- 
ditional fir,  if  any  should  be  ordered,  is  to  be  taken  at  the  like  price  of  . .  . 
per  foot  cube. 

The  varieties  of  floors  are  as  follow,  each  set  of  thicknesses  being  enumerated  in 
the  order  of  their  increasing  value.     Batten  floors  are  for  better  rooms. 
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{-inch  white  deftl,  rough,  with  edges  shot. 

]-inch  white  deal,  wrought,  and  laid  folding. 

|-inch  ydlow  deal,  rough,  with  edges  shot. 

{•inch  jfdlow  deal,  wrought,  and  laid  folding. 

J-inch  white  deal  batten  floor,  wrought,  and  laid  folding. 

|-inch  yeUow  deal  batten  floor,  wrought,  and  laid  folding. 

1-inch  white  deal,  rough  edges  shot. 

1-inch  white  deal,  wrought,  and  laid  folding. 

l.inch  white  deal,  wrought,  and  laid  straight,  joint  and  splayed  headings. 

1  -inch  y^low  deal,  rough  edges  shot. 

1-inch  fetlow  deal,  wrought,  and  laid  folding. 

1-inch  yeUow  deal,  wrought,  and  laid  straight,  joint  and  splayed  headings. 

1-inch  white  deal  batten  floor,  wrought,  and  laid  folding. 

l.inch  white  deal  batten  floor,  wrought,  and  laid  straight,  joint  and  splayed 
headings. 

1-inch  ydlow  deal  batten  floor,  wrought,  and  laid  folding. 

1-inch  yeOiMp  deal  batten  floor,   wrought,  and  laid  straight,  joint  and  splayed 
headings. 

l)-inch  white  deal,  rough  edges  shot 

1  j-inch  white  deal,  wrought,  and  laid  folding. 

1  j-inch  white  deal,  wrought,  straight  joint,  and  splayed  headings. 

l]-inch  yellow  deal,  rough  edges  shot. 

l^inch  yeUow  deal,  wrought,  and  laid  folding. 

lf>inch  yeUUno  deal,  wrought,  strught  joint,  and  splayed  headings. 

l)-inch  whUe  deal  batten  floor,  straight  joint,  and  splayed  headings. 

l|-inoh  white  deal  batten  floor,  straight  joint  edge  nailed,  and  splayed  headings. 

l^inch  ytXhw  deal  batten  floor,  straight  joint,  and  splayed  headings. 

1  }-incb  yefibi0  deal  batten  floor,  straight  joint,  edge  nailed,  and  tongued  headings. 

1  }-inch  white  deal  batten  floor,  edge  nailed,  and  tongued  headings. 

l^inch  yeUow  deal  batten  floor,  edge  nailed,  and  tongued  headings. 

I  {-inch  yeBow  deal  batten  floor,  dowelled  with  oak  dowels,  with  mitred  and  glued 
borders. 

1  ^inch  ydlow  deal,  clean  batten  floor,  dowelled  with  oak  dowels,  with  mitred  and 
glued  borders. 
Warehoiuee  jloon  are  of 

1 1-inch  ydlow  deal,  rough  edges  shot. 

l^'inch  ydhw  deal,  wrought,  and  laid  folding. 

1  {[-inch  yellow  deal,  wrought,  and  straight  joint,  and  splayed  headings 

2-inch  ydlow  deal,  rough  edges  shot 

2-inch  ydlow  deal,  wrought,  and  laid  folding. 

2-inch  ydlow  deal,  wrought,  and  laid  straight,  joint  and  splayed  headings. 

All  these  last  may  be  ploughed,  rebated,  and  foather-tongueo. 
The  floors  of  inlaid  or  parquetry  work  must  form,  when  to  be  provided,  special  sub- 
jects of  speciiieation  ;  they  must  be  described  according  to  drawings,  on  which  are 

to  be  marked  the  different  woods  to  be  used  in  their  formation. 
The  varieties  of  ekirtinye  are  classed  as  under,  beginning  with  the  commonest  sort :  — 

^inch  deal  square  skirting. 

{-inch  deal  square  skirting. 

^inch  deal  torus  skirting. 

1  -inch  deal  square  skirting. 

1-inch  deal  square  skirting,  rebated,  and  backed  plinth,  with  fillet  nailed  to  floor. 

1  -inch  deal  torus  skirting. 

1  ^<inch  deal  square  skirting. 

1  j-inch  deal  torus  skirting. 

1  |-inch  deal  torus  skirting,  rebated,  and  backed  plinth,  with  fillet  muled  to  floor. 
If  any  of  these,  as  to  stairs  for  instance,  are  raking,  and  to  be  scribed  to  steps, 

they  must  be  so  described,  and  so  if  any  of  them  are  to  be  ramped,  and  similarly 

if  they  are  to  be  scribed  to  moulded  nosings,  as  also  if  they  be  circular  on  the 

plan. 
Dadoe  in  their  varieties  are  as  follow,  premising  that  they  are  nailed  to  grounds 

which  should  be  mentioned. 

|-inch  deal  keyed. 

1-inch  deal  keyed. 

l^inch  deal  keyed. 


14-inch  deal  keyed,  ploughed,  and  tongued. 
l]-inch  deal  keyed,  feather-tongued. 


"The  number  of  panels  high  to  be  specified. 
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Scribed  to  steps,  circular  on  plan,  and  wreathed,  or  ramped  :  those  matters  must  be 

mentioned. 
Of  wainseotting  with  ivcia  and  skirting,  the  different  kinds  are  subjoined  in  the  order 

of  their  quality. 

1  -inch  deal,  square  framed 

1-inch  deal,  square  framed  dwarf 

IJ-inch  deal,  square  framed 

]  ^inch  deal,  square  framed,  dwarf 

l|-inch  deal,  bead  butt  or  moulded 

l^inch  deal,  bead  butt 

1^-inch  deal,  bead  flush 
When  any  of  these  are  raking,  or  to  haye  a  beaded  or  moulded  capping,  or  l>oth  or 

either,  such  must  be  specified. 
Partitions  of  deal  for  the  division  of  rooms  are  only  used  in  taverns  and  the  like ;  but 

where  they  are  wanted,  as  for  a  mere  separation  in  servants*  rooms,  they  may  be  em^ 

ployed.     Their  varieties  are  — 

1-inch  deal  board,  and  braced  with  1-inch  panels. ")  rn.  i     ^     u 

1  J-inch  dd,  bneed  with  f-inch  tHuiTl..       ^^  I  ^«*  "*  ""^y  **  •* 

]{-incll  deal,  rough,  and  ledged  edges  shot  J      ^  ^^ 

1  {-inch  deal,  wrought  both  sides,  and  ploughed. 

1 4-inch  deal,  wrought  both  sides,  tongued,  and  beaded. 

l|-inch,  square  firamed. 

I^incb,  square  framed. 

1  j-inch,  bead  butt,  moulded,  and  square. 

1  j-ineh,  bead  flush  and  square. 

l|-inch,  moulded  on  both  sides. 

2-incb,  square  framed. 

2-inch,  bead  butt  or  moulded  and  square. 

2-inch,  bead  flush  and  square. 

2-inch,  moulded  on  both  sides. 

2-inch,  moulded  and  bead  flush. 

2-inch,  bead  flush  and  bead  butt. 

2- inch,  bead  flush  on  both  sides. 
Hiese,  as  well  as  any  preceding  and  following  parts  of  a  specification,  will,  of  course, 

have  reference  to  what  is  wanted  in  the  design  which  it  is  the  architect's  object  to 

describe  in  such  specification. 
Groundg.  —  We  have  mentioned  grounds  generally  (2166.) ;  but  it  may  be  as  well 

here  to  insert  their  several  sorts :  for  instance,  — 

Those  of  |-inch  deal,  of  1-inch  deal,  of  l)-inch  deal,  of  l^-inch  deal,  and  whether 

circular;  also  1-inch,  I  {-inch,  and  l^inch  skeleton  grounds,  which  it  is,  perhaps,  for 

security  against  extras,  as  well  as  repeat 
Door  eases  are  usually  employed  on  basement  stories,  and  should  be  of  oak,  though 

fir  is  constantly  used  for  them.     They  fit  into  the  brickwork,  and  are  usually 

about  5  by  5  inches,  and  they  should  be  tenoned  (the  tenon  being  well  pitched 

or  set  in  white  lead)  into  the  stone  step,  on  which  they  ought  to  be  placed ;  for 

the  sill,  into  which  it  is  the  practice  to  place  them,  soon  rots,  however  good  the 

material. 
Door  linings  and  their  so/ites.  —  These  are  either  plain  or  framed,  the  former  being 

of  the  commoner  sort,  and  the  latter  for  better  work  and  places.     They  may  be 

enumerated  as  follow :  — 

1-inch  deal,  single  rebated. 

1-inch  deal,  double  rebated  (that  is,  so  that  the  door  may  hang  on  either  side). 

1  j-inch  deal,  single  rebated. 

1  }-inch  deal,  double  rebated* 

1  j-inch  deal,  single  rebated. 

l^inch  deal,  double  rebated. 
Either  of  the  foregoing,  if  to  be  beaded  on  the  edge,  must  be  so  described.     Of  framed 

linings  and  sofites  for  doors  there  are  — 

l{-inch,  square  framed  in  one  panel  and  double  rebated. 

1 1-inch,  square  framed  in  one  panel  and  double  rebated,  bead  butt  or  moulded. 
l]-inch»  square  fhuned  in  one  panel  and  double  rebated,  bead  flush, 
l^inch,  square  framed  in  one  panel  and  double  rebated. 

l^inch,  square  fhuned  in  one  panel  and  double  rebated,  bead  butt,  or  moulded. 
11-inch,  square  framed  in  one  panel  and  double  rebated,  bead  flush. 
If  Uie  panels  in  the  linings  are  to  be  raised,  to  correspond  with  panels  of  doors,  they 
must  be  so  described. 
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Framed  bach  lining*  are  a*  follow :  — 

1  -inch  deal,  two  panel  square. 

1-ioch  deal,  two  panel  square,  bead  butt 

1-inch  deal,  three  panel  square. 

1  -inch  deal,  three  panel  square,  bead  butt. 

1-inch  deal,  four  panel  square. 

1-inch  deal,  four  panel  square,  bead  butt 
If  there  be  more  than  four  panels,  or  they  are  splayed  on  the  plan,  or  if  bead  flush,  or 

of  a  greater  thickness,  they  must  be  so  specified. 
Backs,  elbow*,  and  tofites  to  windows  are  described  as — 

1  -inch  deal,  keyed. 

1  -inch  deal,  keyed,  framed  square. 

l^inch  deal,  framed  square. 

ij-inoh  deal,  framed  square,  moulded,  or  bead  butt 

l|-inch  deal,  framed  square,  bead  flush. 

1  j-inch  deal,  square  framed  sofite,  with  one  edge  circular.  \  Applicable  to  bay  win- 

l{-inch  deal,  square  framed  sofite,  with  two  edges  circular.  J      dows. 

l}-inoh  deal,  square  framed  sofite,  moulded,,  or  bead  butt. 

l|-inch  deal,  framed  square.  • 

1  j-inch  deal,  ftamed  square,  moulded,  or  bead  butt 

1  j-inch  deal,  framed  square,  moulded,  or  bead  flush. 
If  any  of  these  are  splayed,  fiincy  moulded,  and  with  cappings,  when  also  they  nre 

circular  on  the  plan,  they  must  be  so  particularly  specified^  inasmuch  as  the  price 

is  thereby  enhanced. 
Boxings  for  shutters  are  of  the  following  varieties :  — 

1-inch  deal,  splayed  boxings. 

1-inch  deal,  proper  boxings. 

l^-inch  deal,  splayed  boxmgs. 

l^inch  deal,  proper  boxings. 

1  j-inch  deal,  boxings  with  circular  head. 

1-inch   deal,   boxings  for  sliding  shutters,  with  pulley  pieces,  beads,  fillets,  and 
grooves,  complete. 

l^inch  deal,  boxings  for  sliding  shutters,  with  pulley  pieces,  beads,  fillets,  and 
grooves,  complete. 
These,  if  to  be  double  hung,  roust  be  so  described. 
Window  shutters.  —  As  in  the  foregoing  parts  of  a  specification,  we  shall  proceed  lirom 

the  common  to  the  better  sorts. 

}-inch  deal,  ledged  or  clamped, 
-inch  deal,  ledged,  or  clamped,  in  two  heights. 

1-iuch  deal,  clamped. 

1-inch  deal,  clamped  in  two  heights. 

1  -inch  deal,  clamped  in  two  heights,  one  panel,  bead  butt,  and  square. 

1-inch  deal,  clamped  in  two  heights,  one  panel,  bead  flush,  and  square. 

I -inch  deal,  clamped  in  two  heights,  one  panel,  bead  flush,  and  bead  butt 

l^inch  deal,  two  panels  square. 

ij-inch  deal,  two  panels  square,  in  two  heights. 

1  )-inch  deal,  two  panels  square,  in  two  heights,  moulded,  or  bead  butt,  and  square. 

1  j-inch  deal,  two  panels  square,  in  two  heights,  bead  flush,  and  square. 

1  j-inch  deal,  two  panels  square,  in  two  heights,  bead  flush,  and  bead  butt 
These  may  be  described  of  1  (-inch  deal ;  but  the  back  flaps  need  not  be  more  than  one 

inch,  and  the  additional  panels  in  height,  projecting  mouldings,  if  any,  and  other 

variations  from  the  general  description,  must  be  mentioned. 
Sliding  shutters  are  to  be  described  in  their  varieties,  as  follow  :  — 

I -inch  deal,  two  panels  square,  hung  with  lines  and  weights. 

l|-inch  deal,  two  panels  square,  hung  with  lines  and  weights. 

1  ^inch  deal,  bead  butt  and  square,  hung  with  lines  and  weights. 

Ij-inch  deal,  bead  flush  and  square,  hung  with  lines  and  weights. 

1  ^inch  deal,  bead  butt  and  moulded,  hung  with  lines  and  weights. 

1 4-inch  deal,  bead  flush  and  bead  butt  hung  with  lines  and  weights. 
These,  if  of  l(-incb  deal,  and  if  more  panels  in  height,  must  be  so  described ;  so  also  if 

they  are  circular  on  the  plan ;  and  if  patent  lines  are  to  be  used  for  the  hanging, 

they  must  be  mentioned. 
Outside  shutters,  now  rarely  used,  even  in  the  provinces,  except  for  shop  fronts,  must 

be  mentioned,  to  make  our  description  complete ;  they  are  of 

l^inch  deal,  three  panels,  bead  butt  and  square. 

1  J-inch  deal,  three  panels  bead  flush  and  square. 
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1^-inch  deal,  three  panels,  bead  flush  and  bead  butt 
1  j-inch  deal,  three  panels,  bead  flush  on  both  sides. 
1  |-inch  deal,  three  panels,  bead  butt  and  square. 
1  l-inch  deal,  three  panels,  bead  flush  and  sqimre. 
l^inch  deal,  three  panels,  bead  flush  and  bead  butt 
If  these  are  circular  on  the  plan,  or  contain  more  than  three  panels  in  height,  the 

specification  must  so  state. 
Staircases  are  described  as  under,  beginning  with  the  commonest. 
1-inch  yellow  deal,  steps,  risers,  and  carriages. 
l|-inch  deal,  steps,  inch  risers,  and  carriage. 
1  j-inch  deal,  steps  and  risers  glued  up  and  blocked  to  close  string  moulded  nosings, 

and  two  fir  carriages. 
1  j-inch  deal,  steps  and  risers  mitred  to  cut  string,  and  dovetailed  to  balusters, 
l^inch  deal,  steps  to  winders,  mitred  to  cut  string,  and  dovetailed  to  balusters,  one 

end  circular. 
1  ^inch  deal,  steps  to  winders,  mitred  to  cut  string,  and  dovetailed  to  balusters,  both 

ends  circular. 
If  the  risers  are  to  be  tongued  to  the  steps,  if  feather  jointed,  or  if  of  clean  deal,  such 
must  De  stated  in  the  specification. 

1  ^inch  deal,  wrought  steps,  risers,  and  strong  carriage. 

2  .inch  deal,  wrought  steps,  risers,  and  strong  carriage. 

l^inch  oak,  treads  and  risers  mitred  to  string  and  dovetuled  with  fir  carriage  (with 

•  solid  quarter  ends  to  steps  if  required),  also  curtailed  step  and  riser  (S187,  et$eq.), 

returned  moulded  and  mitred  nosings,  circular,  if  necessary,  with  cut  plain  (and 

circular)  brackets. 

Housings  to  ends  of  steps  and  winders,  and  the  same  to  moulded  nosings  and  circular 

ends,  are  to  be  specified. 
String  boards  to  staircases  to  receive  the  ceilings  of  stairs  (or  strings  as  they  are 

called),  are — 

1-inch  deal,  framed. 

1-inch  deal,  framed,  rebated,  and  beaded. 

1  ]-inch  deal,  framed  string  board. 

ij-inch  deal,  framed  string  board,  sunk  and  beaded. 

l|-inch  deal,  framed  string  board,  sunk,  beaded,  and  moulded. 

]  ^inch  deal,  framed  string  board,  sunk,  beaded,  moulded,  and  mitred  to  risers. 

1^-inch  deal,  wreathed  outside,  string  ghied  upright,  rebated,  and  beaded. 

1  |-inch  deal,  wreathed  outside,  string  glued  upright,  rebated,  beaded,  and  sunk. 

l^inch  deal,  wreathed  outside,  string  glued  upright,  rebated,  beaded,  sunk,  and 
moulded. 
If  the  string  is  to  be  glued  up  in  thicknesses,  that  must  be  specified,  as  also  all  plain 

or  moulded  circular  cuttings  or  ramps. 

1-inch  deal,  plain  wall  string. 

I  |-inch  deal,  plain  wall  string. 

1^-inch  deal,  plain  wall  string. 

2-inch  deal,  plain  wall  string. 
If  moulded,  to  be  so  described. 
Handrails  to  staircases  are  described  as  -— 

l|-inch  deal,  plain  wreathed. 

1  j-inch  deal,  plain  wreathed. 

2- inch  deal,  plain  wreathed. 
If  moulded,  state  so. 

Deal  moulded  2|-inch  handrail. 

Deal  moulded  2|-inch  handrail,  ramped  (or  circular  where  required). 

Deal  moulded  2|-inch  handrail,  wreathed  and  twisted. 

Honduras  mahogany  or  wainscot  moulded  handrail.     To  be  described  if  necessary 
with  ramps,  circular  and  twist,  or  with  scroll  and  twist  to  the  curtail  step. 

Spanish  mahogany  handrail  is  also  similarly  described. 
If  grooved  for  balusters,  circular,  or  sunk  for  iron  cores^  mitred  and  turned  caps,  such 

to  be  mentioned. 
Balusters  and  newels  are  described  — 

Deal  square  framed  newels. 

Deal  square  framed  newels,  chamfered. 
Single  and  double  turnings  to  newels  to  be  mentioned,  as  also  pendent  drops,  when 
used. 

Deal  square  bar  balusters. 

Deal  square  bar  balusters,  dovetailed. 
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Turned  balusters  according  to  drawing,  when  necessary. 
Planceer  rounded  on  both  edges,  or  moulded,  as  the  case  may  be. 
Fix  all  iron  balusters  and  stays. 

Sashframei  are  of  great  variety,  whereof  the  following  b  a  list :  — 
DmI  cased  frame  for  1  J-inch  sashes,  oak  sunk  sill  with  brass  pulleys  for  single 

hanging. 
Ditto,  for  double  hanging. 
Ditto,  ditto,  with  circular  bead. 

Ditto,  circular  on  plan  (and  with  circular  head,  when  required). 
Deal  cased  frames  for  2-inch  sashes,  oak  sunk  sills  with  brass  pulleys  prepared  for 

single  hanging. 
Ditto,  prepared  for  double  hanging. 
If  circular  on  head  and  plan,  or  either,  such  to  be  specified. 

Deal-cased  frames  for  8-inch  sashes,  oak  sunk  sills  with  wainscot  pulley  pieces 
and  beads,  brass  axle  pulleys  prepared  to  hang  double. 
If  circular  on  head  and  plan,  or  either,  such  to  be  specified. 
Deal  cased  frames  for  S-inch  sashes,  oak  sunk  sills,  mahogany  pulley  pieces  and 

beads  with  brass  axle  pulleys,  prepared  to  hang  double. 
The  same  description  holds  for  2(-inch  sashes. 
If,  as  before,  circular  on  head  and  plan,  or  either,  such  to  be  mentioned. 
Venetian  frameM  are  described  as  — 
Deal  cased  frames  for  1  ^inch  sashes,  oak  sunk  sills,  and  prepared  to  hang  single 
or  double,  as  the  case  may  be.  • 

If  circular  on  plan  and  head,  or  either,  specify  the  same. 

The  above  description  for  l^inch  serves  also  for  S-ineh  and  5t|-inch  sashes. 
If  wainscot  or  mahogany,  they  must  be  so  described. 
Catement  framm  for  French  casements :  — 
Fir  solid  wrought  frames  for  l^inch  French  casements,  with  oak  sunk  sills  (plain 

or  circular  on  the  plan,  as  the  case  may  be). 
Fir  solid  wrought  frames  for  2-inch  French  casements  and  oak  sunk  sills  (as 

before). 
Fir  solid  wrought  frames  for  2-inch  French  casements  and  oak  sunk  sills  (as 
before),  with  wainscot  or  mahogany  styles  and  beads  as  nuiy  be  correspondent 
with  Uie  sashes. 
The  same  for  2|-inch  sashes. 
Fanliffkt  framn  over  doors,  which  have  nearly  lost  thdr  employment  fitmi  square 
lights  having  superseded  them,  are  of — 
11-inch  deal  frames,  square  framed. 
Ditto,  semicircular  head. 
2-inch  deal,  square  framed. 
Ditto,  semicircular  head.    ' 
If  elliptical,  so  describe  them. 
Sashea  are  to  be  described  as  follows :  <^ 
l^inch  deal  ovolo  (describe  whether  with  circular  head  or  circular  on  plan,  if  so). 
2-inch  deal  ovolo  (ditto). 
2-inch  deal  astragal  and  hollow  (ditto). 
2^inch  deal  astragal  and  hollow  (ditto). 
The  above,  if  of  wainscot,  Honduras  or  Spanish  mahogany,  are  to  be  so  described, 
as  also  that  they  are  to  be  hung  single  or  double,  as  the  caae  may  be,  with  patent 
lines  and  iron  weights,  and  patent  sash-fiutenings  complete. 
French  casemente  are  usually  decribed  as  follows :  — 
2-inch  deal  ovolo  casements.     If  with  marginal  lights  or  circular  on  plan,  or  both, 

describe  them  so ;  or  if  with  astragal  and  hollow, 
llie  same  of  2^inch,  with  the  same  modifications  as  in  preceding  article. 
If  either  of  the  above  be  of  wainscot,  Honduras  or  Spanii^  mahogany,  let  them  be  so 

described. 
It  is  usual  to  describe  with  these  the  hanging,  which  is  commonly  with  4.inch  iron 
or  brass  butt  hinges,  and  tlie  species  of  fastening  which  it  is  common  to  place,  at 
a  sum  varying  from  five  to  twenty  shillings.  When  the  turning  Espaniolette 
fiistenings  are  used,  they  must  be  particularly  specified. 
Shop-window  aashes  vary  so  much  that  we  shall  merely  observe  of  their  thicknesses, 
they  are  from  1)  to  2J  inches,  and  in  the  present  extravagant  rage  for  novelty 
among  tradesmen,  there  is  no  end  to  the  forms  of  their  horiaontal  sections ;  — 
nothing,  however  ovtrit  would  be  considered  too  extravagant  for  these  people,  and 
all  that  we  can  do  is  to  say  that,  after  describing  their  thickness,  they  are  to  be 
executed  according  to  the  drawings.      In  subjects  of  this  kind,  too,  the  UaU 
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board,  and  other  fittings  of  the  like  nature,  are  to  be  specified  in  all,  whereof  the 
best  way  is  to  describe  with  reference  to  such  drawings. 
Friezes  and  cradUng  far  comicee  should  always  be  referred  to  drawings,  specifying 

generally  their  height. 
SkylQhUf  now  usually  made  of  metal ;  but  if  not,  describe  as  follows :  — 
l^inch  deal  ovolo  skylight  (if  hipped,  and  with  cross  bars,  state  such). 
2-inch  deal  ditto  (ditto). 

2|.inch  ditto  (ditto). 

If  astragal  and  hollow,  or  if  of  oak,  such  to  be  specified. 
JSTerbt  for  skylights  are  to  be  described — 
14-inch  dad  kerbs  to  circular  skylights  in  two  thicknesses,  bevelled  and  chamfered. 
S-inch  ditto  ditto. 

Si-inch  ditto  ditto. 

If  ^iptical,  to  be  so  specified. 

Doors  we  shall,  as  in  the  preceding  articles,  describe,  beginning  with  the  commonest 
sort,  for  out-houses  and  the  like. 
|-inch  ledged  wrought  deal  door. 
Ditto,  ploughed,  tongued,  and  beaded. 
I -inch  wrought  deal  ledged  ditta 
Ditto,  ploughed,  tongued,  and  beaded. 
1  J-inch  wrought  deal  ledged  ditto. 
Ditto,  ploughed,  tongued,  and  beaded, 
ll-inch  and  2-inch  deal  ledged  doors  are  similarly  described. 

"niese  doors  may  l>e  hung  with  }-L,  or  cross  garnet  hinges  or  with  butt  hinges,  and 

with  bolts,  locks,  latches,  and  other  fiistenings,  as  the  case  may  require.    External 

doors  with  4-inoh  butts,  if  that  be  the  sort  used,  and  internal  ones  with  Scinch 

butts. 

Gates  and  eoaeh-hamse  doors  are  specified  as  — 

2-inch  deal,  framed  and  braced,  filled  in  with  2-inch  deal,  and  ploughed,  tongued, 

and  beaded. 
The  same,  filled  in  with  battens. 
2^inch  deal,  framed  and  braced,  filled  in  with  1-inch  deal,  ploughed,  tongued,  and 

beaded. 
Ditto,  filled  in  with  battens. 
If  filled  in  with  whole  deal,  it  must  be  so  specified. 
2-inch  deal  bead  butt  and  square  gates,  in  eight  panels. 
2-inch  deal  bead  butt  and  square  gates,  beadflush  and  square. 
2-inch  deal  bead  butt  and  square  gates,  bead  flush  on  both  sides. 
If  with  more  panels,  or  framed  with  a  wicket,  such  must  be  specified. 
The  hanging  of  gates,  and  their  hinges  and  fastenings,  may  be  inserted  according  to 
the  occasion  of  the  work,  at  from  10/.  to  15^  or  even  202.,  which  may  be  declared 
in  the  specification  as  to  the  "value  at  which  they  are  to  be  provided. 
1-inch  deal  1 -panel  square  doors. 
1-inch  deal  1 -panel  square  doors,  fielding. 
The  above  are  rarely  used :  we  shall  now,  therefore,  proceed  by  the  number  of  panels, 
up  to  6- panel  doors,  beyond  which  they  are  to  be  so  particularly  specified,  or 
with  reference  to  drawings. 
1^-inch,  2  panels,  square.  . 
1  }-inch,  2  panels,  bead  butt  and  square. 
1  j-incb,  2  panels,  bead  fiush  and  square. 
1  j-inch,  2  panels,  moulded  and  square. 
l}-inch,  2  panels,  bead  butt  on  both  sides, 
ij-inch,  2  panels,  bead  butt  and  bead  flush. 
1  j-inch,  2  panels,  bead  butt  and  moulded. 
l}-inch,  2  panels,  bead  flush  on  both  sides. 
1  (-inch,  2  panels,  bead  flush  and  moulded. 
1  j-inch,  2  panels,  moulded  on  both  sides. 
When  hung  folding,  to  be  so  specified, 
l^inch  deal,  2  panels,  square. 
I^inch  deal,  2  panels,  bead  butt  and  square. 
11-inch  deal,  2  panels,  bead  flush  and  square, 
ij-inch  deal,  2  panels,  moulded  and  square. 
1 1-inch  deal,  2  panels,  bead  butt  on  both  sides. 
1  |-inch  deal,  2  panels,  bead  butt  and  bead  flush. 
11- inch  deal,  2  panels,  bead  butt  and  moulded. 
11-inch  deal,  2  panels,  bead  flush  on  both  sides. 

Rr 
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1  i-inob  deal,  3  panels,  bead  flusb  and  mooldedr 

l^inch  deal,  S  panels,  moulded  on  both  sides, 

2-inch  deal,  2  panels,  square. 

2-inch  deal,  2  panels,  bead  butt  and  square. 

2-inch  deal,  2  panels,  bead  flusb  and  square. 

2-inch  deal,  2  panels,  moulded  and  square. 

2-inch  deal,  2  panels,  bead  butt  on  both  sides^ 

2-inch  deal,  2  panels,  bead  butt  and  bead  flush. 

2-inch  deal,  2  panels,  bead  butt  and  moulded. 

2-inch  deal,  2  panels,  bead  flush  on  both  sides. 

2 -inch  deal,  2  panels,  bead  flush  and  moulded. 

2-inch  deal,  2  panels,  moulded  on  both  sides. 

2^inch  deal,  2  panels,  square. 

2^inch  deal,  2  panels,  bead  bntt  and  square. 

24-inch  deal,  2  panels,  bead  flush  and  square. 

24-indi  deal,  2  panels,  moulded  and  square. 

2J-inch  deal,  2  panels,  bead  butt  on  both  sides. 

21-inch  deal,  2  panels,  bead  butt  and  bead  flush 

2|-inch  deal,  2  panels,  bead  butt  and  moulded. 

2^inch  deal,  2  panels,  bead  flush  on  both  sides. 

2^inch  deal,  2  panels,  bead  flush  and  moulded. 

2^inch  deal,  2  panels,  moulded  on  both  sides. 
All  these,  as  well  as  the  following,  must  be  specified  as  to  be  hung  folding,  if  the 
nature  of  the  work  so  requires. 

1  i-inch  deal,  4  panels,  square. 

14-inch  dealy  4  panels,  bead  butt  and  square. 

l{-inch  deal,  4  panels,  bead  flush  and  square. 

1  ^-inch  deal,  4  panels,  moulded  and  square. 

1  i-inch  deal,  4  panels,  bead  butt  on  both  sides. 

ij-inch  deal,  4  panels,  bead  butt  and  bead  flusb 

ij-inch  deal,  4  panels,  bead  butt  and  moulded. 

l(-inch  deal,  4  panels,  bead  flush  on  both  sides. 

1 4-inch  deal,  4  panels,  bead  flush  and  moulded. 

ij-ineh  deal,  4  panels,  moulded  on  both  sidea 

2-inch  deal,  4  panels,  square. 

2-inch  deal,  4  panels,  bead  butt  and  square. 

2-inch  deal,  4  panels,  bead  flush  and  square. 

2-inch  deal,  4  panels,  moulded  and  square. 

2-inch  deal,  4  panels,  bead  butt  on  both  sidea. 

2-inch  deal,  4  panels,  bead  bntt  and  bead  flusb. 

2-inch  deal,  4  pands,  bead  butt  and  moulded. 

2-inch  deal,  4  panels,  bead  flush  on  both  sides. 

2-inch  deal,  4  panels,  bead  flush  and  moulded. 

2*inch  deal,  4  panels,  moulded  on  both  side^. 

24-inch  deal,  4  panels,  square. 

24-inch  deal,  4  panels,  bead  butt  and  square. 

24-inch  deal,  4  panels,  bead  flush  and  square. 

24-inch  deal,  4  panels,  moulded  and  square. 

24-inch  deal,  4  panels,  square,  beat  butt  on  both  sidesi 

24*inch  deal,  4  panels,  square,  bead  butt  and  bead  flush. 

24-inch  deal,  4  panels,  square,  bead  butt  and  moulded. 

24-inch  deal,  4  panels,  square,  bead  flush  on  both  sides^ 

24-inch  deal,  4  panels,  square,  bead  flush  and  moulded. 

24-inch  deal,  4  panels,  square,  moulded  on  both  sides. 

14-inch  deal,  6  panels,  square. 

14-inch  deal,  6  panels,  bead  butt  and  square. 

14-inch  deal,  6  panels,  bead  flush  and  square. 

14-inch  deal,  6  panels,  moulded  and  sqtutfe. 

14-inch  deal,  6  panels,  bead  butt  on  both  sides. 

1 4-inch  deal,  6  panels,  bead  butt  and  bead  flush. 

14-inch  deal,  6  panels,  bead  butt  and  moulded. 

14.inch  deal,  6  panels,  bead  flush  on  both  sides. 

14-inch  deal,  6  panels,  bead  flush  and  moulded. 

14-inch  deal,  6  panels,  moulded  on  both  sides. 
If  the  panels  of  14-inch  doors  are  raised,  or  if  double  marginal  door%  so 

them. 
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Wainscot  doom  are  usually  as  follow  :  — 
1 1- inch  wainscot,  2  panels,  square. 
l|-iacb  wainscot,  S  panels,  bead  flush  and  square, 
l^inch  wainscot,  2  panels,  moulded  and  square. 
l}-inch  wainscot,  2  panels,  bead  flush  on  both  sides. 
1  |-inch  wainscot,  2  panels,  bead  flush  and  moulded. 
2-inch  wainaoot,  2  panels,  square. 
2-inch-wainscot,  2  panels,  bead  flush  and  square. 
2oinch  wainscot,  2  panels,  moulded  and  square. 
2-inch  wainscot,  2  panels,  bead  flush  on  both  sides. 
2-inch  wainscot,  2  panels,  bead  flush  and  moulded. 
2^inch  wainscot,  2  panels,  square. 
2}-inch  wainscot,  2  panels,  bead  flush  and  square. 
2|-inch  wainscot,  2  panels,  moulded  and  square.      .^ 
2|-inch  wainscot,  2  panels,  bead  flush  on  both  sides. 
2|-inch  wfdnscot,  2  panels,  bead  flush  and  moulded. 
l|-inch  wainscot,  4  panels,  square, 
l^inch  wainscot,  4  panels,  bead  flush  and  square, 
l^inch  wainscot,  4  panels,  moulded  and  square. 
1  ^inch  wunscot,  4  panels,  bead  flush  both  on  sides. 
l}-inch  wainscot,  4  panels,  bead  flush  and  moulded. 
JJ-inch  wainscot,  4  panels,  moulded  on  both  sides. 
2-inch  wainscot,  4  panels,  square. 
2-inch  wainscot,  4  panels,  bead  flush  and  square^ 
2-inch  wainscot,  4  panels,  moulded  and  square. 
2-inch  wainscot,  4  panels,  bead  flush  on  both  sides. 
2-inch  wainaoot,  4  panels,  bead  flush  and  moulded. 
2- inch  wainscot,  4  panels,  moulded  both  on  sides, 
2^inch  wainscot,  4  panels,  square. 
24-inch  wainscot,  4  panels,  bead  flush  and  square. 
2{-inch  wainscot,  4  panels,  moulded  and  square. 
2^inch  wainscot,  4  panels,  bead  flush  on  both  sides. 
2^inch  wainscot,  4  panels,  bead  flush  and  moulded. 
2|-inch  wainscot,  4  panels,  moulded  on  both  tides. 
2-inch  wainscot,  6  panels,  square. 
2-inch  wainscot,  6  panels,  bead  flush  and  square. 
2-inch  wainscot,  6  panels,  moulded  and  square. 
2-inch  wainscot,  6  panels,  bead  flush  on  Iwth  sides. 
2*incfa  wainscot,  6  panels,  bead  flush  and  moulded 
2-inch  wainscot,  6  panels,  moulded  on  both  sides. 
21-inch  wainscot,  6  panels,  square. 
%  -inch  wainstot,  6  panels,  bead  flush  and  square. 
%  -inch  wainscot,  6  panels,  moulded  and  square. 
%  -inch  wainscot,  6  panels,  bead  flush  on  both  sides. 
24>inch  wainscot,  6  panels,  bead  flush  and  moulded, 
24>ineh  wainscot,  6  panels,  moulded  on  both  sides. 
2-inch  wainscot  saah^doofy  with  diminished  stiles,  lower  panel  moulded,  bead  flush, 

with  astragal  and  hollow  sash. 
2-inch  wainscot  sash-doors,  with  dimiidshed  stiles,  lower  panel  moulded,  bead  flush, 

with  astragal  and  hollow  sash,  moulded  on  both  sides. 
2|-inoh  wainscot  sash-doors,  diminished  stiles,  lower  panels  moulded,  and  bead  flush, 

with  astragal  and  hollow  sash. 
24»inch  wainscot  sash-doors,  diminished  stiles,  lower  panels  moulded,  and  bead  flush, 

witii  astragal  and  hollow  sash,  moulded  on  both  sides. 
If  any  of  these  are  to  be  hung  folding,  double  margined»  or  moulded  on  the  raisingi 

such  must  be  specified. 
Makogany  doon  as  follows :  — 
2-inch  Honduras  mahogany  doors,  2  panels,  moulded  And  square. 
8-inch  Honduras  mahogany  doors,  2  panels,  moulded  on  both  sides. 
2-inoh  Honduras  mahogany  doors,  4  panels,  moulded  and  square. 
2-ineh  Honduras  mahogany  doors,  4  panels,  moulded  on  both  sides. 
2-ineh  Honduras  mahogany  doors,  6  panels,  moulded  and  square. 
S2-inch  Honduras  mahogany  doors,  6  panels,  moulded  on  both  sides. 
8f  inch  Honduras  mahogany  doors,  4  panels,  moulded  and  square. 
24-inch  Honduras  mahc^^y  doors,  4  panels,  moulded  on  both  sides. 
24.inch  Honduras  mahogany  doora,  6  paniel%  moulded  and  square. 
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2|-uich  Honduras  mahogany  doon,  6  panels,  moulded  on  both  sides. 
If  any  of  these  are  hung  folding,  with  projecting  mouldings,  or  with  double  margins, 
it  must  be  so  specified     The  last  set  of  doors,  if  required  to  be  of  a  better  descrip- 
tion, may  be  specified  of  the  best  Spanish  mahogany 
8-inch  Honduras  mahogany  sash-door,  astragal  and  hollow  bottom,  panel  moulded 

and  square. 
2-inch  Honduras  mahogany  sash-door,  astragal  and  hollow  bottom,  panel  moulded 

on  both  sides. 
2^inch  Honduras  mahogany  sash-door,  astragal  and  hollow  bottom,  panel  moulded 

and  square. 
Scinch  Honduras  mahogany  sash-door,  astragal  and  hollow  bottom,  panel  moulded 

on  both  sides. 
If  hung  folding,  or  with  double  margin,  or  diminished  stiles,  to  be  so  specified. 
External  doon  are  of  vari||ies,  as  follow  :  — 
2-inch  deal,  4  panels,  the  lower  panels  bead  butt  and  square,  and  the  upper  panels 

square  both  sides. 
2-inch  deal,  4  panels,  the  lower  panels  bead  butt  and  square,  and  the  upper  panels 

bead  butt  on  the  back. 
2-inch  deal,  4  panels,  the  lower  panels  bead  butt  and  square,  and  the  upper  panels 

bead  flush  on  the  back. 
If  the  panels  have  raised  mouldings,  specify  them. 
2^inch  deal,  4  panels,  the  lower  panels  bead  butt  and  square,  upper  panels  square 

on  both  sides. 
2i-inch  deal,  4  panels  square^  bead  butt  on  the  back. 
2{-inch  deal,  4  panels  square,  bead  flush  on  the  back. 
Specify  raised  mouldings,  if  any. 
2-inch  deal,  6  panels,  lower  panels  bead  butt  and  square,  upper  panels  square  both 

sides. 
2-inch  deal,  6  panels,  lower  panels  bead  butt  and  square,  upper  panels  square,  bead 

butt  on  the  back. 
Specify  nused  mouldings,  if  any. 
2^  inch  deal,  6  panels,  the  lower  panels  bead  butt  and  square,  and  the  upper  panels 

square  both  sides. 
2J-inch  deal,  6  panels,  the  lower  panda  bead  butt  and  square,  and  the  upper  panels 

square,  bead  butt  on  the  back. 
2^inch  deal,  6  panels,  the  lower  panels  bead  butt  and  square,  and  the  upper  panels 

square,  bead  flush  on  the  back. 
If  with  raised  mouldings,  so  describe  them ;  also,  if  double  margined,  &c. 
Any  of  these  external  doors,  if  hung  folding,  or  with  circular  or  curved  heads,  must 

be  so  specified. 
Sash  doon  are  of  the  following  varieties :  <^ 
1  i-inch  deal,  2  panels,  square,  diminished  stiles,  and  ovolo  sash, 
l^inch  deal,  2  panels,  bead  butt  and  square,  diminished  stiles,  and  ovolo  sash. 
l}-inch  deal,  2  panels,  bead  flush  and  square,  diminished  stiles,  and  ovolo  sash, 
li-inch  deal,  2  panels,  moulded  and  square,  diminished  stiles,  and  ovolo  sash. 
1  J-inch  deal,  2  panels,  moulded  and  bead  butt,  diminished  stiles,  and  ovolo  sash, 
ll-inch  deal,  2  panels,  moulded  and  bead  flush,  diminished  stiles,  and  ovolo  sash, 
ij-inch  deal,  2  panels,  moulded  on  both  sides,  diminished  stiles,  and  ovolo  sash. 
2-inch  deal,  2  panels  square,  diminished  stUes,  and  ovolo  sash. 
2-inch  deal,  2  panels,  bead  butt  and  square,  diminished  stiles,  and  ovolo  sash. 
2-inch  deal,  2  panels,  bead  flush  and  square,  diminished  stiles,  and  ovolo  sash. 
2-inoh  deal,  2  panels,  moulded  and  square,  diminished  stiles,  and  ovolo  sash. 
2-inch  deal,  2  panels,  moulded  and  bead  butt,  diminished  stiles,  and  ovolo  sash. 
2-inch  deal,  2  panels,  moulded  and  bead  flush,  diminished  stiles,  and  ovolo  sash. 
2-inch  deal,  2  panels,  moulded  on  both  sides,  diminished  stiles,  and  ovolo  sash. 
2|-inch  deal,  2  panels,  square,  with  diminished  stiles,  and  ovolo  sash. 
2{-inch  deal,  2  panels,  bead  butt  and  square,  diminii^ed  stiles,  and  ovolo  sash. 
2{-inoh  deal,  2  panels,  bead  flush  and  square,  diminished  stiles,  and  ovolo  sash. 
2i-inch  deal,  2  panels,  moulded  and  square,  diminished  stiles,  and  ovolo  sash. 
2|-inch  deal,  2  panels,  moulded  and  bead  butt,  diminished  stiles,  and  ovolo  sash. 
2}-inch  deal,  2  panels,  moulded  and  bead  flush,  diminished  stiles,  and  ovolo  sash. 
2{-inch  deal,  2  panels,  moulded  on  both  sides,  diminished  stiles,  and  ovolo  sash. 
If  hung  folding,  or  with  mu^inal  lights,  to  be  so  described. 

It  is  the  practice  in  describing  joiner*s  work,  to  specify  the  ironmongery  used  with 
it,  that  is,  the  hinges,  locks,  fitttenings,  and  fiimiture ;  and  we  have  accordingly  men- 
tioned the  hanging  and  fiutening  of  oommon  doors,  and  gates,  and  ooach-house  doors 
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Common  framed  4-panel  doors   are  usually   hung  with    Scinch   butts  and  7«inch 
iron  rim  stock  locks.     Better  doors  are  hung  with  4-inch  iron  or  brass  butts,  mortice 
locks  and  brass  nob  furniture.     Folding  doors,  if  heavy,  should  have  4|  or  5-inch  brass 
butts,  and  if  necessary  to  clear  mouldings,  they  should  be  hung  with  projecting  braf^s 
butts,  and  should  moreover  be  provided  with  flush  and  other  bolts,  and  mortice  locks 
and  ftimiture.    Doors  of  dining,  drawing,  and  other  rooms,  where  they  are  required  to 
clear  the  carpet  by  rising  as  they  open,  should  have  4  or  4^inch  rising  joint  butts. 
For  closet  doors,  Scinch  butts  are  usually  described  with  brass  tumbler  locks  and 
keys.    External  doors  require  the  provision  of  larger  locks,  which  are  usually  iron  rim 
locks  with  10  or  12-inch  bright  rod  bolts,  chains,  staples,  &c.     Shutters  when  hung 
are  with  butts,  which  for  the  back  flaps  are  of  a  less  size,  and  spring  bar  fitsteninga 
should  be  specified  to  them.     Brass  nobs  to  the  front  flaps. 
Moulded  architraves  to  doors  and  windows  are  described  by  their  width. 
CoUamu  andpilatUrs  are  usually  described  — 
l{-inch  deal  diminished  columns,  . .  .  inches  diameter, 
ll-inch  deal  diminished  columns, . .  .  inches  diameter. 

Pilasters  similarly  specified.     Both  one  and  the  other  to  be  glued  up  and  blocked. 
If  fluted,  to  be  mentioned ;  as  also  necking  grooves  to  columns.       Caps  and  bases 
according  to  the  order,  carved  or  of  papier  mach^,  as  the  expense  will  allow. 
JEntabUxtures  got  out  of  deal,  as  per  drawing,  provide  glued,  blocked,  and  fixed  with  all 

necessary  brackets  and  grounds. 
Water-aiosets  are  fitted  up  with  1-inch  clean  deal  (wainscot  or  mahogany),  seats,  risers, 
and  clamped  flaps,  square  skirtings,  all  requisite  bearers  and  pipe-casing ;  and  the 
joiner  is  to  attend  on  the  plumber  while  fixing  the  basins  and  other  work.     Priviee 
are  described  as  to  seats  and  risers  the  same  as  water-closets. 
CUtems,  internal  and  external,  must  have  their  cistern  cases  proportioned  in  thickness 
to  their  sizes ;  thus  one  about  3  or  3  feet  6  inches  long,  and  2  feet  9  inches  deep,  will  do 
on  14-inch  deal  dovetailed*  it  should  be  described  with  requisite  bearers,  and  a  cover 
of  )-mch  deal  with  a  wood  handle.    For  a  good-sized  external  cistern,  we  should  spe- 
cify, provide  and  fix  a  wrought  and  dovetailed  2«inch  deal  cistern  case, .  .  .  feet  long, 
.  . .  feet  wide,  and  .  .  .  feet  deep  in  the  clear.    Find  and  fix  all  necessary  bearers  for 
the  same,  together  with  all  other  requisite  fittings,  and  further  provide  a  |-inch  deal 
strongly  ledged  cover,  with  saddle-back  fillets  and  water  channels  at  each  joint,  as 
shall  be  directed. 
Cutenufor  water-douU. 
Each  to  have  cistern  cases  of  2-inch  deal  capable  of  containing  36  cubic  feet  of 
water,  fixed  with  strong  bearers  and  ledged  covers  of  }-inch  yellow  deal  tongued 
and  beaded. 
Sinks,  describe  as  under,  when  wooden  ones  lined  with  lead  are  used. 
l|-inch  dovetailed  sink,  enclosed  with  l^inch  deal  square-framed  front,  and  door 
hung  with  3 -inch  butts  and  other  necessary  ironmongery. 
Warm  bath. 
To  be  fitted  up  (of  the  best  Spanish  mahogany)  with  riser,  frame,  and  clamped  flap, 
provided  and  fixed  with  all  requisite  bearers  and  other  fittings  and  appurtenances. 
The  flap  to  be  moulded  in  front,  and  hung  with  3l-inch  butt  hinges,  and  the  riser 
panelled  and  moulded  as  shown  in  the  drawings. 
Dressers.     The  following  is  a  specification  for  a  good  house. 

Provide  and  fix  a  dresser  in  the  kitchen,  of  2-inch  deal,  with  cross-tongued  top  10 
feet  long  and  2  feet  9  inches  wide,  supported  on  strong  framed  l^s  and  bearers. 
1-inch  deal  pot-board  and  bearers.    Six  I^-inch  sunk  shelves,  whose  widths  are  to 
average  7  inches.     Back  of  the  shelves   to  be  of  1  -  inch  deal,  wrought,  beaded, 
grooved,  and  cross-tongued.    1  -  inch  deal  top,  1 4  inches  wide,  with  moulded  cornice. 
Five  drawers  with  bottoms  and  dovetailed  rims  of  |-inch  deal.    The  fronts  to  be  of 
I -inch  deal,  beaded.     A  brass  drop  handle  and  a  good  patent  tumbler  lock  to  each 
drawer,  together  with  all  slides,  runners,  bearers,  and  other  requisite  appurtenances. 
Dresser  top  for  scullery,  1  j-inch  clean  deal,  2  feet  6  inches  wide  and  6  feet  long,  cross- 
tongued  and  fixed  upon  strong  wrought  and  framed  legs  and  bearers. 
Plate-rack  for  scullery  to  be  provided  over  the  sink,  and  of  the  same  length.     Sink  as 

above  described. 
Spit-rack  to  be  proviaed  over  the  kitchen  chimney,  or  other  convenient  place,  as  may 

be  directed. 
Dwarf  dosetSf  if  any  are  used,  may  be  of  1-inch  deal,  square  framed  and  moulded  in 

firont,  the  doors  to  be  hung  with  2^inch  butts,  and  to  have  tumbler  locks. 
Pipe  canngs,  wrought  and  framed,  to  be  provided  where  necessary,  to  hide  lead  pipes 
of  all  descriptions,  and  fronts  to  unscrew  for  coming  at  the  pipes  in  case  of  defects 
therein.      •        -    •       • 
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FitUnga  for  larder,  M  follow :  — 

ProYide  a  clean  deal  dresser  top,  1  {  inch  thick,  3  feet  6  inches  wide,  and  .  .  .  feet 

long,  to  be  foather-tongued  and  fixed  on  strong  fraroed  legs  and  rails.    Two  meat 

rails,  6  feet  long,  of  wrought  fir,  S^  by  2  inches,  suspended  firom  wrought  iron 

stirrups.     Provide  also  a  hanging  shelf,  6  feet  long,  10  inches  wide,  and  \\  inch 

thick,  to  be  similarly  suspended  by  wrought  iron  stirrups. 

Lattndry  to  be  fitted  up  with  1  ^inch  clean  white  deal  washing  troughs,  wrought  two 

sides,  and  splayed  and  put  together  with  white  lead,  as  shown  on  drawing.     1  (-inch 

deal  ironing  board,  wrought  both  sides  and  clamped,  properly  hung  with  hinges  to 

a  hanging  stile.     Provide  two  clothes  racks,  hung  with  pullies  and  ropes  to  the 

ceiling  to  raise  and  lower  the  same. 

Dutt  bin,  with  proper  slides,  where  shown  on  the  plan,  to  contain  30  feet  cube,  the 

whole  to  be  of  oak. 
i^rrts  gutten  to  eaves  should  never  be  of  wood :    sine  or  copper  are  better  materials, 

and  we  do  not  therefore  think  it  necessary  to  describe  them. 
Fittings  to  tkopa  are  so  various  that  no  general  description  can  be  given.     They  must 
be  referred  to  drawings,  and  on  them  the  specification  should  be  written.     So  of 
thop  front*. 
Stable  J^inga  mn  specified  as  follow :  — 

Mangere,  ^.     2-inch  deal  bottoms  and  l)-inch  deal  sides.     Wrought  oak  manger- 
rails,  4  by  3  inches.     Wrought,  rebated,  and  rounded  oak  manger  post,  6  by  4 
inches,  wrought  and  framed  with  bearers  thereto.    Oak  heel-posts,  wrought,  6  by 
5  inches,  and  groove  for  partitions.     Oak  top  rails,  5  by  4  inches,  grooved  and 
rounded  at  the  top.     Oak  bottom  rails,  wrought,  4  by  4  inches,  grooved  and  arris 
rounded  off.     lA-inch  deal  partitions,  wrought  on  both  sides,  ploughed,  tongued, 
and  beaded.    1  ^mch  deal  rails  on  each  side,  board  wide,  and  the  arrisses  rounded 
off. 
JVomte  to  Kag-raeka,     Oak  standard,  4  by  4  inches,  wrought  and  framed  into  oak 
bearer  under  the  manger.    1 1  inch  deal  fronts  framed  for  the  reception  of  cast-iron 
hay-racks  well  secured.     Fix  fir  bearers  and  1-inch  deal  partitions  at  each  end  of 
hay-racks,  with  fir  arris  rails  3  inches  apart  at  the  bottom  of  each  rack. 
Vreninga  over  ataUi  connected  with  heel-posts.     1-inch  deal  frieze,  wrought  joints, 
feather-tongued,  and  backings  thereto,  s^pnental  sofites  and  keystonq  in  centre  of 
arches.     Impost  moulding  at  the  qpringmgs  and  moulded  cornice  to  girt  about 
10  inches. 
Line  the  walls  to  the  height  of  5  feet  with  I -inch  yellow  deal,  wrought,  ploughed, 
tongued,  and  beaded,  with  a  f-inch  beaded  capping  thereon. 
ChMrchee.  To  give  general  directions  for  the  specification  of  a  church  would  be  impossible. 
The  principles  of  its  timbering  may  be  collected  from  what  has  preceded.     Pewing  is 
executed   as  planned   on  the   drawings,   of   whole   deal   (generally)  square-framed 
partitions  two  panels  high;  l^inch  framed  doors  and  enclosures  one  or  two  panels  high, 
with  stiles,  munnions,  and  top  rails  3  inches  wide,  and  bottom  rails  6  inches  wide. 
The  panels  of  the  doors  and  enclosures  should  not  be  more  than  a  board  in  width,  and 
the  fWunework  round  them  chamfered.     The  doors  are  hung  with  3-inch  butt  binges, 
and  should  have  brass  nob  pulpit  latches.     Capping  to  the  whole  of  the  pewmg, 
grooved  and  moulded  according  to  drawing.     Pew  fitingg  nre,  l^inch  wrought  and 
rounded  seats  12  inches  wide,  with  proper  bearers  and  l^inch  cut  brackets  not  more 
than  3  feet  apart.     Seats  rounded  next  the  pew  doors.     Flap-aeaU  in  the  galleries  to 
have  strong  joints.    All  the  pews  to  have  {-inch  book  boards  6  inches  wide,  with  ^inch 
rounded  capping  bearers,  and  ^inch  cut  brackets  thereunder,  not  more  than  2  feet  6 
inches  apart,  and  the  ends  rounded  next  the  pew  doors.     If  there  be  an  organ,  its 
enclosure  and  the  free  seats  adjoining  it  should  correspond  with  the  pew  enclosures. 
F)ree  eeata  of  1^-inch  deal,  as  shown  in  the  drawings.     The  seats  to  be  1 1  inches  wide, 
rounded  in  front.     Backs  framed  with  stiles,  munnions,  and  rails,  SJ  inches  wide,  and 
the  standards,  ends,  and  bearers,  according  to  the  drawings.    Children^ e  eeate  to  be  of  I  ^ 
inch  deal,  with  brackets  same  thickness,  not  more  than  2  feet  6  inches  apart ;   at  least 
8  inches  wide,  and  the  fiap  seats,  where  they  occur,  to  be  hung  with  strong  butts. 
Pn^jite  and  reading  desk*  are  usually  of  1  ]-inch  deal,  framed  according  to  drawings,  with 
I  {-inch  doors,  hung  with  brass  hinges  and  pulpit  latches.    Whole  deal  fioors  on  b«irers, 
1  -inch  book  boards,  cappings  and  bearers.    1  -inch  clean  deal  or  wainscot  steps  and  risers, 
moulded  returned  nosings,  1^  inch,  beaded,  sunk  and  cut  string  boards,  strong  bracketed 
carriages.    1-inch  square  framed  sofite  under  pulpit  floor  and  stairs,  mahogany  or  wain- 
scot moulded  handrail,  with  caps  turned  and  mitred ;  square  bar  balusters  with  one  in 
ten  of  iron ;  turned  newels  to  block  steps ;  seats  of  I  {-inch  deal,  13  inches  wide,  and 
proper  bearers  thereto,  together  with  all  appurtenances  and  requisite  fittings  for  exe- 
cuting the  drawings. 
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The  carpenter  and  joiner  is  to  provide  all  such  jobbing  work,  in  following  or 
preceding  the  other  artificers  engaged  on  the  works  and  their  appurtenances,  as  may 
be  requisite  for  the  completion  thereof  in  every  respect,  without  any  extra  charge. 

2286.  Fouvnxa,  Smith,  akd  laoiocoNaxa.  For  describing  cast  iron  girders  and  columns, 
reference  must  be  had  to  Chap.  II.  Sect.  V.  (1753,  et  teg.),  wherein  will  be  found 
the  method  of  determining  their  scantlings — for  which  no  rule  can  be  given  that  is 
not  dependent  on  the  results  there  laid  down.  Having  determined  the  weight  to  be 
borne,  no  girder  (and  such  should  be  inserted  in  the  specification)  should  be  allowed 
to  be  used,  that  has  not  been  previously  tested  by  weighing  it  at  the  foundery. 
Cast  iron  eradk$  are  sometimes  used  for  openings,  which  must  be  described  for  the 

particular  occasions  as  they  occur. 
CMmneif  bar$  are  described  usually  as  follows :  — 

Provide  and  fix  to  kitchen  chimney  two  wrought  iron  cradle  bars,  each  2  inches  wide 
and  ]-inch  thick,  long  enough  to  extend  to  the  outside  of  the  chimney  jambs,  and 
turned  up  and  down  at  each  end.     The  other  chimneys  are  to  have  wrought'  iron 
chimney  bars  3  inches  wide  and  ^  inch  thick. 
Straps^  ttimp  iranSf  nuti,  boitt,  terewt,  and  waghertj  together  with  all  other  wrought 
iron  work  for  the  roo&  and  partitions,  to  be  provided,  as  may  be  requisite  for  tying 
in  and  securing  all  carpentry,  and  the  smith  is  to  deliver  to  and  assist  the  carpenter 
in  fixing  or  attaching  the  same. 
Where  the  quantity  is  uncertain,  a  given  weight  beyond  the  above  general  direction 
should  be  provided  in  the  contract,  such  part  thereof  as  may  not  be  wanted  to  be 
deducted  firom  the  accounts  after  the  rate  of .  .  .  per  cwt. 
Provide  all  necessary  cramps  of  cast  and  wrought  iron,  as  may  be  directed,  for  the 

mason,  the  former  to  be  used  where  the  works  are  exposed  to  the  air. 
Wrought  iron  doors  to  be  provided  for  strong  room  (or  if  opening  in  a  party  wall), 
folding,  and  of  the  best  quality,  as  shown  in  drawing ;    with  hinges  and  proper 
fitstenings,  of  the  value  at  least  of  25^ 
If  cast  iron  sashes  are  used  in  any  part  of  a  building,  they  are  to  be  provided  with 

refiirence  to  drawings. 
Wedges  for  underpinning  must  be  described  with  reference  to  the  thickness  of  walls 

they  are  to  catch :  each  pair  must  be  at  least  as  long  as  the  wall  is  thick. 
Balnsters  to  a  bach  stone  staircase  and  landings  are  described  — 

Wrought  iron  balusters,  )  inch  square,  with  turned  wrought  iron  newel  equal  to  I^ 
inch  diameter,  with  rounded  handrail  of  wrought  iron  14  l>y  i  inch.    The  balusters 
and  newel  are  to  be  riveted  into  the  handrail  at  top,  and  at  the  bottom  let  into 
the  stone  work  and  run  with  lead. 
Balusters  to  a  principal  staircase  are  described  — 

Ornamental   cast  iron   balusters,  as    shown   on   the   drawings,   with    top  rul   of 
wrought  iron  I  ^  by  ^  an  inch,  let  into  and  firmly  screwed  to  the  mahogany  (or 
wainscot)  handrail.    The  balusters  and  newels  are  to  be  riveted  into  the  iron  rail, 
and  at  the  bottom  they  are  to  be  let  into  the  stonework  and  run  with  lead 
Balusters  of  wrought  iron  to  be  provided  for  strengthening  the  principal  staircase  when 
not  of  stone.     Every  tenth  baluster  to  be  of  wrought  iron,  properly  fiutened. 
Provide  and  fix  . . .  knockers  for  .  . .  doors  to  ...  . 
Air  bricks  of  cast  iron  to  be  provided  and  fixed  in  the  brickwork  for  the  ventilation  of 

the  floors. 
Air  gratingSf ...  in  number,  to  be  provided,  9  inches  square,  and  tixed  round  the 

lower  part  of  the  walls  of  the  house. 
Area  gratings, . . .  to  each  area  (if  any  there  be),  to  be  prepared  and  fixed  of  cast  iron, 
with  bars  1^  inch  by  f  of  an  inch,  and  not  more  than  1^  inch  apart.      Frames 
1|  inch  by  1  inch,  and  with  strong  fianges  to  let  into  the  surrounding  stone- work. 
Window  guards  of  wrought  iron  to  the  windows  of ... ,  and  .  .  .  bars  to  be  1  inch 
square  and  4  inches  apart,  with  framework  of  iron  of  the  same  substance  securely 
fixed  to  the  brickwork. 
Cast  iron  rmn-waier  pipe,  for  a  large  nze  stack,  is  described  — 
6  inches  diameter,  to  lead  from  the  roof  down  into  the  driun,  with  head  and  shoe 
complete. 
Coal  plates  (if  more  than  one)  of  cast  iron,  with  proper  fiistenings  to  be  fixed  over  the 

coal  shoot. 
Cast  iron  ornamental  railing,  as  per  drawing,  to  the  windows,  or  to  the  stone  balcony 

in  firont  of  the  house,  as  the  case  may  be. 
Air  traps  of  cast  iron  to  all  communications  of  surfiice  water  with  drains  to  be  of  ap- 
propriate sise,  and  provide  all  gully-hole  gratings  that  may  be  necessary. 
To  provide  for  the  carpenter's  and  joiner's  works,  and  use  and  fix  thereto,  besides  that 

Rr  4 
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which  hu  been  already  desorihed,  all  requisite  spikes,  nails,  screws,  and  other 
proper  ironmongery,  and  all  requisite  brass  work,  both  to  be  of  the  very  best 
quality. 

Provide  a  copper, .  . .  inches  diameter,  and  stewing  stoves  as  shown  on  ^e  drawings, 
with  all  requisite  bars  and  iron  work. 

For  fittings  to  stables  describe  — 

No.  .  .  .  Cast-iron  hay-racks,  3  feet  wide  and  2  feet  high  in  the  clear.  ]).ineh 
round  staves,  about  3  inches  apart,  the  frames  1^  by  ]  of  an  inch,  with  the 
arris  rounded  off  next  the  staves.  Provide  and  fix  two  manger  rings  in  each 
stall. 

Ca^  iron  coping  to  the  walls  of  the  dung-pit  of  the  thickness  of  {  of  an  inch,  and  re- 
turned on  each  side  4  inches  down  at  the  least. 

CaH  iron  groHngB  to  stable  yards  are  usually  described  as.  of  the  weight  of  1  cwt 

For  church  and  chapel  work,  the  founder's,  smith'i,  and  ironmonger's  work  is  so  de- 
pendent on  the  design,  that  no  general  instructions  for  specifications  can  be  given. 

•    The  following  are  the  only  peculiarities :  — 

Provide  catt  iron  saddle  bars  for  the  windows  |  by  1  ^  inch,  1 2  inches  longer  than  the 
clear  width  of  each  window,  laid  into  and  worked  up  with  the  brickwork,  at  the 
height  shown  on  the  drawings. 

Provide  to  each  window  wrought  iron  framework  for  a  hopper  casement,  as  shown  on 
the  drawings,  and  fit  up  the  same  complete,  with  patent  lines,  brass  pulleys,  and  all 
other  requisite  appurtenances. 

2287.  Plasterke.  To  lath,  plaster,  floaty  and  set  all  the  ceilings  and  strings  of  stair- 
cases, and  the  quartered  partitions  of  the  . .  .  chambers  (such  as  servants'  rooms)  on 
attic  stories. 

To  rendtr^floait  and  set  all  brickwork  in  attic  stories. 

To  plaster  all  sides  of  the  kitchen  o£Bces  and  office  passages  with  best  floated  rough 
stucco,  lathed  where  requisite. 

All  the  remainder  of  the  sides  of  the  interior  throughout  is  to  be  executed  with  the 
very  best  floated  stucco,  lathed  where  requisite.  Stucco  of  ofllces  (or  oflioe  build- 
ings if  any)  to  be  finished  with  rough  surfaces ;  all  the  rest  of  the  stucco  to  be 
troweled  quite  smooth. 

All  the  arched,  groined,  panelled,  and  coffered  work,  and  the  bands  and  architraves,  to 
be  executed  in  guaged  stuff,  in  the  best  and  most  accurate  manner. 

To  run  plaster  cornices  round  the  several  rooms,  lobbies,  passages,  and  other  parts  of 
the  building,  with  enrichments  thereto  accurately  modelled  according  to  the  draw, 
ings  (the  enrichments,  if  so  wished,  to  be  described  as  of  papier  mach^).  A 
centre  flower  to  each  room  on  the  ground  and  one-pair  floor,  where  marked,  securely 
fixed  to  the  ceiling.  These  are,  on  all  accounts,  better  for  security  in  the  papier 
mach^,  as  they  can  be  then  screwed  to  the  ceiling. 

Basement  or  ground  story  (or  both,  as  the  case  may  be)  is  to  be  run  round  in  all  the 
rooms,  lobbies,  passages,  &c.  with  Mrtingt  of  Parker't  cementf  10  inches  high,  1^  inch 
thick,  whited  when  soft,  and  finally  washed  of  stone  colour. 

The  plasterer  is  to  execute  all  necessary  beads,  quirks,  and  arrisses.  To  stucco  all  in- 
ternal and  external  reveals,  to  dub  out  where  the  work  may  require  it,  so  as  to  bring 
out  all  extra  thicknesses  and  projections,  and  to  counter-lath  tlie  work  over  large 
timbers  and  elsewhere,  as  may  be  necessary. 

The  lathing  throughout  is  to  be  performed  with  lath-and-half  heart  of  fir  laths,  free 
from  sap.  Enrichments  to  be  carefully  trimmed  and  finished  off,  and  where  heavy 
leaves  or  embossed  work  may  require  it,  to  be  screwed  with  strong  copper  screws. 

The  ceilings  on  the  two  principal  floors  are  to  be  distempered  by  the  painter.  All  the 
rest  of  the  ceilings,  strings,  and  mouldings  are  to  be  whitened. 

The  sides  of  the  rooms  in  the  attic  or  garrett  (as  the  case  may  be)  stories,  as  well  as 
the  lobbies,  closets,  pasfages,  &c.,  are  to  be  finished  of  such  stone  colour  tints  as  the 
architect  may  direct. 

Lime- white  stables  and  coach-house  walls,  larden^  sculleries,  cellars,  including  vault- 
ing under  sides  of  floors  where  open,  &c. 

When  Parker's  cement  is  used  for  external  works,  describe  as  under  :  — 

To  stucco  in  the  very  best  manner  with  Parker's  cement,  jointed  to  imitate 
masonry,  the  whole  (or  part,  if  such  be  the  case)  of  the  exterior  of  the 
building,  with  columns,  pilasters,  plinths,  entablatures,  strings,  mouldings, 
labels,  jambs,  reveals,  chimneys,  chimney  moulds,  decorations,  enrichments,  and 
appurtenances  of  every  kind,  as  shown  on  the  drawings  and  profiles.  Such 
works  to  be  subject  to  such  further  instructions  from  the  architect  as  he  may 
think  proper,  and  to  be  roughly  coloured  as  each  portion  is  executed,  and 
finally  coloured  when  the  architect  shall  so  direct,  with  weather-proof  colour- 
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ing,   fixed  with   Rusda  tallow,  beer  grounds,  tar,  and  the  other   proper  in- 
gredients. 
Where  desired,  decorative  chimney  moulds,  of  Parker's  cement,  and  of  the  value  of  two 

guineas,  to  be  provided  for  each  flue. 
Pugging,  To  fill  in  upon  the  sounding  boarding  between  the  joists,  where  so  provided, 

with  good  lime  and  hair  pugging  mortar,  laid  throughout  1  inch  in  thickness. 
RoughcMting,     For  the  mode  of  describing  this,  see  Plastering,  Sect  IX.  (2249.) 

2288.  Plumbxa.  To  lay  the  JUUs  and  gvtten  with  milled  lead  of  8  lbs.  to  the  foot 
superficial.  Where  against  walls,  to  be  turned  up  7  inches ;  where  against  slopes, 
as  rafters,  to  turn  up  10  inches.     Rolls  not  to  exceed  27  inches  apart. 

WorkJbuhittgM  of  milled  lead  in  the  walls  of  5  lbs.  to  the  foot,  and  to  turn  down  over 
gutters  and  flats.  Where  flashings  adjoin  the  slopes  of  a  roof,  they  should  be  de- 
scribed to  be  laid  stepwise  into  the  brickwork,  and  of  an  average  width  of  12  inches. 

Hips  and  ridges  to  be  covered  with  milled  lead  6  lbs.  to  the  foot,  and  at  least  18  inches 
wide,  well  secured  with  lead-headed  nails. 

Where  eaves  gutters  are  used,  describe  as  follows ;  — 

To  put  round  the  eaves  at  the  curb  plate  4-inch  copper  (or  zinc)  guttering,  fixed 
complete  with  bands  and  brackets,  with  copper  (or  zinc)  pipes  ....  inches 
diameter,  with  neat  heads  and  appropriate  shoes  to  lead  into  the  gutter  or  drain. 

Domes  should  be  covered  with  lead  from  6  to  8  lbs.  to  the  foot  superficial,  accord- 
ing to  their  size,  and  must  be  well  secured  with  proper  seams  or  rolls  thereto. 

For  coverings  of  zinc  the  reader  is  referred  to  Sect.  VII.  Chap.  II.  (1792,  et  seqj)  of  this 
Book,  where  the  thicknesses  will  be  fiiund. 

Tops  and  sides  of  dormers  to  be  covered  with  5-lb.  milled  lead,  turned  down  all 
round  full  8  inches.  A  flashing  of  5-lb.  milled  lead  SO  inches  wide,  to  be  fixed  over 
the  sill  of  the  dormer  door  or  window,  as  the  case  may  be. 

Aprons  of  6-lb.  milled  lead,  and  10  inches  wide,  should  be  described  to  sky-lights. 

External  mouldings  of  wood  should  be  covered  with  6-lb.  milled  lead,  to  turn  up  6 
inches,  imd  to  have  fiashings  of  4-lb.  milled  lead  let  into  the  brickwork,  and  to  be 
turned  down  5  inches. 

To  fix  ...  .  stocks  of  rain-water  pipes  from  the  gutters  to  the  drains,  of  (5)  inches  bore, 
turned  up  from  milled  lead  of  8  lbs.  to  the  foot  superficial,  and  securely  fixed  with 
ornamental  cistern  heads  as  shall  be  approved  by  the  architect,  and  2-inch  strong 
overflow  discharging  pipes.  Similar  description  for  conveying  water  from  a 
portico. 

1^0  pipes  but  of  lead  or  zinc  should  be  used  against  stone  buildings.  Cast  iron  pipes 
should  only  be  used  to  oflSces. 

In  London,  it  is  usual  to  specify  that  the  water  should  be  laid  on  for  the  service  of  the 
house  in  the  following  manner :  — 

To  lay  on  from  the  main  of  the Company  water  with  {-inch 

strong  cast  lead  pipe  to  the  cistern  of  the  upper  water-closet,  with  ball-cock 
complete.  Similarly  to  lower  water-closet  and  to  such  other  cisterns  as  are 
provided,  with  ball-cocks,  &c.  complete,  and  to  pay  all  ofiicial  fees. 

Line  the  sinks  in  the  scullery  and  butler's  pantry  (and  other  small  ones,  if  any)  with 
6-lb.  milled  lead,  and  fix  thereto  2-inch  waste  pipes,  with  brass  bell  traps  complete 
to  go  into  the  drains. 

Line  the  kitchen  cistern  with  milled  sheet  lead,  bottom  9  lbs.  and  sides  6  lbs.  to  the 
foot,  with  all  soldering  thereto.  To  provide  to  the  same  a  l^inch  waste  pipe.  Line 
the  kitchen  sink  with  lead  of  8  lbs.  to  the  foot,  to  turn  well  over  the  woodwork  and 
to  have  a  2-inch  strong  waste  pipe  to  lead  into  the  drain,  with  brass  bell  grate  com- 
plete. A  {-inch  service  pipe  and  brass  cock  to  be  provided  from  the  cistern  for 
supplying  water  to  the  unk. 

Roses  pierced  with  holes  of  sufiicient  din^ensions  to  be  provided  of  10-lb.  lead  to  gutters 

and  rain-water  cesspools. 

Water  dosets  to  be  constructed  and  fitted  up  in  every  respect  complete,  with  blue 

basin,  the  very  best  pat^t  valve  apparatus.    Soil  pipe  of  8-lb.  lead  and  4{-inch  bore 

to  lead  into  drain  with  strong  D  trap,  lead  box  10  inches  by  7  and  6  inches  deep,  of 

'  milled  lead  10  lbs.  to  the  foot.    1-inch  supply  pipe  to  the  basin,  and  all  other  pipes, 

wires,  cranks,  handles,  and  other  proper  fitments.     The  cistern  is  to  be  lined,,  bottom 

with  8-lb.  cast  lead,  and  sides  with  5-lb.  milled  lead,      l^inch  waste  pipe^  soldered 

in  below  the  dip,  with  washer  and  waste  complete. 

Inferior  water  clouts  to  be  provided  with  strong  cast  iron  trapped  basin,  with  water 

laid  on,  and  in  all  respects  to  be  fitted  complete. 
Provide  all  stink-traps  that  may  be  requisite  where  the  pipes  communicate  with  the 
drains^ 
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For  cold  bath,  Uy  on  the  water  with  strong  l}-inch  lead  pipe,  with  brass  oock,  and  fix 
2J-inch  strong  lead  waste  pipe,  with  brass  washer  and  plug  thereto. 

If  the  hot  bath  be  not  of  marble,  describe  as  jfbllows :  — 

Provide  and  fix  a  hot  bath  of  copper  of  16  ounces  to  the  foot  superficial,  tinned 
on  the  inside,  and  painted  in  japan  to  imitate  marble  as  may  be  directed.  Lay 
on  the  water  thereto,  with  waste  pipe,  cock,  water  plug,  and  all  other  proper 
fittings  as  for  cold  bath. 

Common  pumps  are  generally  described  as  S-inch  pumps,  with  neat  cast  iron  cases 
fixed  complete,  with  proper  lead  suction  pipe  to  bring  suflBcient  supply  of  water 
from  well,  and  all  other  appurtenances. 

To  provide  and  fix  (this  ^here  the  water  is  not  laid  on,  as  in  London)  a  3}-inch  lifting 
engine  pump,  with  brass  barrel ;  and  provide  from  the  well . . .  feet  of  l^inch  strong 
suction  pipe.  Service  pipes  as  may  be  necessary  to  the  cistems,  with  all  cocks  and 
joints  that  may  be  necessary. 

Provide  all  copper  nails  that  may  be  wanted  for  laying  the  works. 

To  provide  in  the  contract  ....  cwt  extra  of  cast  sheet  lead,  including  labour  and 
all  proper  nwterials  as  may  be  wanted  and  directed  by  the  architect ;  and  if  the  same 
or  any  part  thereof  should  not  be  used,  there  shall  be  a  deduction  noiade  for  the  same 
on  making  up  the  accounts,  after  the  rate  of  ...  .  per  cwt.  for  such  portion  thereof 
as  shall  not  have  been  used. 

2289.  Glaxisr.     To  glaze  all  the  windows  with  the  best  Newcastle  crown  glass,  or 
for  offices  with  second  Newcastle  crown  glass. 

The  whole  of  the  glazing  is  to  be  properly  bedded,  sprigged,  and  back-puttied,  and  to 
be  left  whole  and  clean  on  the  works  being  rendered  up  as  complete. 

When  plate  glass  is  to  be  used,  the  same  must  be  specified,  and  the  architect  must 
direct  the  manufiictory  from  which  it  is  to  be  procured. 

2290.  PxiNTsa.    To  knot  with  rilver  leaf,  pumice  down  and  smooth,  and  otherwise 
prepare  all  the  wood  and  other  works  intended  for  painting. 

To  paint  four  times  in  oil,  with  the  best  oil  and  colour,  all  the  internal  and  external 

wood  and  iron  works,  all  the  stucco,  and  all  other  works  that  are  umuJly  painted. 
The  walls  of  the  principal  staircase,  lobbies,  and  entrance  hall  are  to  be  imitations 

of  marbles,  jointed  like  masonry,  as  shall  be  directed,  and  varnished  twice  over  with 

best  copal. 
The  doors,  shutters,  dadoes,  skirtings,  boxings,  architraves,  and  other  dressings  on  the 

ground  and  one-pair  floors  (and  others  if  required),  are  to  be  grained  wainscot  (or 

other  wood  as  may  be  specified),  in  an  artist-like  numner,  and  varnished  twice  with 

best  copal  varnish. 
If  mouldings  of  doors  and  shutters  are  to  be  gilt,  specify  the  same. 
The  ceilings  and  cornices  on  ground  and  one-pair  fioor  to  be  painted  four  times  in 

oil,  and  flatted  and  picked  m  such  extra  colours  as  may  be  directed. 
To  flat  extra,  of  such  tints  as  may  be  directed,  all  the  rest  of  the  stucco  work  and  wood 

work  on  the  principal  and  one-pair  floors. 
Sashes  to  be  finished  on  the  outside  of  ...  .  colour.     The  plain  painting  to  he  of 

tints  of  brown,  drab,  or  stone  colour  as  may  be  directed. 
Distemper  ceilings  (this  to  be  specified  if  any  are  so  intended),  or  paint  if  intended. 

2291 .  PAPcaRAKoaa.     To  prepare  and  bring  to  a  proper  face  all  the  walls  and  sur&ces 
intended  for  papering. 

To  underline  with  proper  paper,  and  hang  with  paper  of.  .  .  .  pence  per  yard,  the 
rooms  on  the  one-pur  fioor,  and  to  provide  and  fix  gold  beads  thereto  ....  inches 
wide :  borders,  if  thought  proper,  to  be  specified. 

To  hang  with  figured  paper,  value  ....  per  yard,  the  rooms  (to  be  described) 
on  the  ....  floor,  with  borders. 

The  remainder  of  the  rooms  are  to  be  hung  with  paper  ....  per  yard,  with  borders. 

All  the  patterns  are  to  be  approved  of  by  the  architect. 

2292.  BxLLHANGXR.   To  proride  and  fix  with  all  necessary  wires,  pulls,  cranks,  and  every 
other  appendage,  bells  firom  the  following  places :  —  [Here  enumerate  the  places.] 

2293.  We  now  close  the  general  view  of  a  specification  (which  has  been  submitted  as 
nothing  more  than  a  skeleton  for  filling  up  as  differoit  cases  may  require;  to  make 
one  which  would  serve  all  purposes  is  obviously  impossible)  by  adding  the  usual  form  of  a 
contract 
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2294.  CoNomoMs.  That  all  the  works  shall  be  executed  in  the  best  and  most  workman- 
like manner,  to  the  satisfitction  of  [Here  add  employer's  name]*  or  his  architect,  without 
reference  thereon  to  any  other  person.  If  any  alterations  should  hereafter  be  made  by  order 
of  {the  employer),  or  his  architect,  by  varying  from  the  plans  or  the  foregoing  specifi- 

cation, either  in  adding  thereto  or  diminishing  therefrom,  or  otherwise  however,  such  alter- 
ations shall  not  vacate  the  contract  hereby  entered  into,  but  the  value  thereof  shall  be 
ascertained  by  the  said  architect,  and  added  to  or  deducted  fi^m  the  sum  hereinafter 
mentioned,  as  the  case  may  be ;  nor  shall  such  alterations,  either  in  addition,  diminutioD^ 
or  otherwise,  supersede  the  condition  for  the  completion  of  the  whole  of  the  works,  but  the 
contractor  shall,  if  such  alterations,  of  whatever  sort,  require  it,  increase  the  number  of  his 
workmen,  so  that  the  same,  as  well  as  the  works  contained  in  the  above  particulars,  shall 
be  completely  finished,  and  so  delivered  up  to  {the  emplojfer),  on  or  before  the 

day  of  ,  in  the  year  ,  on  fiulure  whereof  the  contractor  shall  forfeit  and  pay 

to  {the  en^piojfer),  the  ram  of  for  every  day  that  the  work  remains  unfinished 

and  undelivered  as  aforesaid,  which  sum  the  said  (the  employer)  shall  be  allowed  to 

stop  as  liquidated  damages  out  of  any  moneys  that  may  be  due  and  owing  to  the  said  con- 
tractor on  account  of  the  works. 

If  any  doubt  or  doubts  should  arise  during  the  execution  of  the  works,  or  at  measuring 
the  extras  should  any  occur,  or  at  making  out  the  accounts  as  to  any  extras  or  other  works 
for  which  the  contractor  may  consider  he  may  have  a  claim,  over  and  above  the  sum  here- 
inafter mentioned,  the  adnussion  and  allowance  of  any  such  claim  or  claims  shall  be 
judged  of,  determined,  and  a4justed  solely  by  the  architect  to  (the  employer),  without 

reference  in  any  way  to  any  other  person ;  it  being  the  intention  of  these  conditions  that 
all  such  works  of  every  kind  that  may  be  neoessay  for  completely  finishing  the  works  pro- 
posed, for  the  rectification  of  any  failure  firom  whatever  cause  arising,  and  the  well  main* 
taining,  sustaining,  and  supporting  the  whole  of  the  works,  as  well  as  alterations  and 
additions,  should  such  be  made,  so  that  the  whole  may  remain  sound  and  firm,  are  implied  in 
the  forgoing  specification,  although  the  same  may  not  therein  be  specifically  expressed, 
and  that  on  this,  as  well  as  all  other  matters,  no  reference  to  any  other  person  than  the 
aforesaid  architect  is  to  be  allowed  or  admitted. 

If  the  contractor  should  ni^lect  or  reftise  to  carry  on  the  works  with  such  dispatch  as  is 
thought  proper  by  the  architect,  it  shall  be  lawftil  for  (the  employer)  or  his  architect, 

and  either  of  them  is  hereby  empowered  to  employ  such  other  person  or  persons  as 
(the  en^ployer)  or  his  architect,  or  either  of  them,  may  think  fit  or  necessary,  to  finish  and 
complete  the  several  unfinished  works,  after  having  given  notice  thereof  in  writing  six 
days  before  employing  such  person  or  persons,  such  notice  to  be  left  either  at  the  con- 
tractor's shop,  counting-house,  or  usual  place  of  abode,  without  effect,  and  the  amount  or 
amounts  of  the  bill  or  bills  of  any  artificers  that  may  be  so  employed  shall  be  deducted  out 
of  any  moneys  that  may  be  due  and  owing  to  the  said  contractor,  or  any  part  thereof  as 
the  case  may  be. 

It   is  hereby  agreed,  this  day  of  ,  in  the  year  ,  between 

( the  employer),  on  the  one  part,  and  (the  contractor)  on  the  other  part,  that  he,  the 

said  (Me  contractor),  for  his  executors,  administrators,  and  assigns,  doth  hereby 

promise  and  agree  to  and  with  the  said  (the  employer),  to  do  and  perform  all  the 

works  of  every  kind  mentioned  and  contained  in  the  foregoing  particulars,  and  according 
and  subject  to  the  conditions  above  recited,  and  according  to  the  plans  prepared  and  referred 
to,  at  and  for  the  sum  of  pounds ;  and  the  said  (the  contractor)  doth  hereby 

agree  to  abide  by  and  be  subject  to  the  several  clauses,  conditions,  and  penalties  herein- 
before  mentioned  and  contained. 

In  consideration  whereof  the  said  (Me  employer)  doth  hereby  promise  and  agree  to 

pay  to  the  said  (Me  contractor),  on  the  certificate  of  the  architect,  the  aforesaid 

sum  of  pounds,  in  separate  payments,  it  being  agreed  that  neither  of  the  said 

payments,  except  the  last,  shall  amount  to  more  than  two  thirds  of  the  value  of  the  work 
done  at  the  time  of  such  certificate  being  given. 

In  witness  whereof  the  said  parties  have  hereunto  set  their  hand,  the  day  and  year 
above  written. 

A.  B.  (the  employer.) 
Witness,  £.  F.  C.  D.  (the  contractor.) 
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SscT.  KIV. 

MSA8DE1NO   AHD   iniMATlNO. 

9295.  The  practice  of  measuring  is  dependent  on  rules  already  given  under  Mensura- 
tion, in  Sect.  VII.  Chap.  I.  of  this  Book  (18 IS,  etaeq.),  in  which  are  described  the  methods 
of  ascertaining  the  supCTficial  and  solid  contents  of  any  figure.  The  application  of  them  to 
architecture,  in  the  practice  of  measuring  and  estimating  the  different  parts  of  a  buildings 
forms  the  subject  of  this  section. 

S296.  For  the  purposes  of  measuring,  the  common  instruments  are  a  pair  of  5-ieeC 
rods,  divided  into  feet,  inches,  and  half  inches,  and  a  S-feet  rule  divided  into  inches  and 
eighths  and  twelfths  of  inches,  beyond  which  subdivision,  measurements  are  rarely 
carried  in  this  country. 

8297.  The  mode  of  what  is  called  squaring  dimensions,  as  usually  practised,  is  given 
under  Section  I.  Arithmetic  &c.,  in  this  Book  (868,  et  se^.)*  to  which  the  reader  must 
refer,  if  not  already  fully  informed  on  that  head.  We  shall  now  at  once  proceed  to  the 
general  principles  on  which  the  measurement  and  estimation  of  work  in  the  several  artificers* 
departments  are  conducted. 

S398.  DioaiNo  is  performed  by  the  solid  yard  of  twenty-seven  cubic  feet  (that  is,  3  feet 
X  3  feet  X  3  fiset^S?  feet).  Where  the  ground  is  soft  in  consistence,  and  nothing  more 
is  necessary  beyond  cutting  with  a  spade,  a  man  may  throw  up  a  cubic  yard  per  hour,  or 
10  cubic  yards  in  a  day ;  but  if  of  firmer  quality,  hacking  becomes  necessary,  and  an  addi- 
tional num  will  be  required  to  perform  the  same  work ;  if  very  strong  gravel,  more  assistance 
will  be  required.  If,  therefore,  the  wages  of  a  labourer  were  8«.  6dL  per  day,  the  piioe  of  a 
yard  would  be  S<f.  for  cutting  only,  without  profit  to  the  contractor ;  6d.  for  cutting  and 
hacking,  and  9d.  if  two  hackers  be  necessary.  In  sandy  ground,  where  wheeling  becomes  ne- 
cessary, three  men  will  remove  30  cubic  yards  in  a  day  to  the  distance  of  20  yards,  two  for 
filling  and  one  for  wheeling.  But  to  remove  the  same  quantity  in  a  day  to  a  greater  dis- 
tance, an  additional  man  for  every  20  yards  will  be  required. 

3299.  The  method  of  ascertaining  the  quantity  of  excavation  will,  of  course^  be  obvious ; 
the  quantity  is  the  length  multiplied  into  the  depth  and  width.  In  the  cases  of  trenches 
merely  dug  for  the  reception  of  walls,  which,  of  course,  are  sloped  to  prevent  the  earth  fell- 
ing in  on  the  excavators,  a  mean  width  is  to  be  taken.  Thus,  suppose  an  excavation  24 
feet  long,  4  feet  wide  at  top,  and  2  fiset  at  the  bottom  (average  width  therefore  3  feet),  and 

5  feet  deep,  we  have  for  the  quantity  of  yard  -''^^b.  13*07  cube  yards. 

2300.  Brickwork.  In  measuring  and  estimating  the  value  of  brickwork,  the  following 
points  must  be  remembered.  A  rod  of  brickwork  is  a  mass  16(  feet  square;  hence 
the  quantity  of  superficial  feet  which  it  contains  is  272{  fiset  (16*5  x  16*5),  but  the  \  of 
the  foot  is  too  trifling  to  make  it  worth  while  to  embarrass  calculations  with  it,  and  con- 
sequently 272  feet  is  universally  taken  as  the  superficial  standard  content  of  a  rod.  Its 
standard  thickness  is  one  brick  and  a  half  (or  1 3^  inches^.  Hence  it  follows^  that  a  cubic 
rod  of  brickwork  would  be  272  feet  x  13}  inohess306  feet  cube.  The  allowance  for  the 
number  of  bricks  is  taken  on  an  average  at  4500.  Much,  however,  depends  on  the  close- 
ness of  the  joints  and  the  nature  of  the  work.  In  walling,  a  reduced  foot  is  generally  taken 
as  requiring  1 7  bricks ;  a  foot  superficial  in  Flemish  bond,  laid  in  malm  filing,  about  8 
bricks ;  and  a  foot  superficial  of  giiaged  arches,  10  bricks.  In  paving,  a  yard  requires  82 
paving  bricks,  or  48  stock  bricks,  or  144  Dutch  clinkers  laid  on  edge,  or  36  bricks  laid  flat. 

2301.  In  tiling,  which  is  measured  by  the  square  of  100  superficial  feet,  a  square  will 
require  800  at  a  6-inch  guage,  700  at  a  7-inch  guage,  and  600  at  an  8-inch  guage.  The 
guage  necessarily  regulates  the  distance  of  the  laths,  and,  at  the  same  time,  roust  be  de- 
pendent on  the  slope  of  the  roof^  which,  if  flat,  should  not  be  less  than  6  inches,  as  for  in- 
stance, above  the  kerb  in  a  kerb  roof;  and  not  more  than  8  inches  in  any  case.  A  square  of 
plaintiling  requires  about  on  an  average  a  bundle  of  laths,  two  bushels  of  lime,  and  one  of 
sand,  and  at  least  a  peck  of  tile  pins.  The  laths  are  sold  in  bundles  of  3,  4,  and  5-feet 
lengths.  A  bundle  of  the  3-feet  contains  eight  score,  the  4-feet  six  score,  and  the  5-feet 
five  score  to  the  bundle.  The  nails  used  are  fourpenny ;  they  are  jiurchased  by  the  long 
hundred,  that  is,  of  six  score,  and,  in  day  work,  are  charged  by  the  bricklayer  5-score  to  the 
hundred.  The  name  of  nails,  as  fourpenny,  fivepenny,  &c.,  means  fourpenoe,  fivepence.  See. 
per  hundred.  The  numbers  of  nails  required  for  a  bundle  of  5-feet  and  6-feet  laths,  are 
500  and  600  respectively. 

2302.  A  square  of  pantiiing  requires  180  tiles  laid  at  a  10-inoh  guage,  and  a  bundle  of 
12  laths  10  feet  long. 

2303.  In  lime  measure,  what  is  called  a  hundred  is  100  peeks,  or  85  striked  bushels  (old 
measure). 
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2304.  In  sand  measure,  18  heaped  bushels,  or  21  striked  busheUi, 
equal  to  1  yard  cube,  is  a  single  load,  and  about  24  cubic  feet  1  ton. 

2905.  In  mortar  27  cubic  feet  make  1  load,  which  on  common 
occa8ioa<(  contains  half  a  hundred  of  lime  with  a  proportional  quantity 
of  sand.  Eleven  hundred  and  thirty-four  cubic  inches  make  a  hod 
of  mortar;  that  is,  a  mass  9  inches  wide,  9  inches  high,  and  14 
inches  long.  Two  hods  of  mortar  are  nearly  equal  to  half  a  busheL 
The  following  measures  and  weights  it  may  be  also  useful  to  re- 
member :  — 

2S|  cubic  feet  of  sand  »  1  ton  ;  hence  1  cubic  foot  weighs  95*3  lbs. 

17)  cubic  feet  of  clay  »  1  ton;  hence  1  cubic  foot  weighs  about 
190  lbs. 

18  cubic  feet  of  common  earth  a  I  ton;  hence  1  cubic  foot  weighs 
nearly  124  lbs. 

906  cubic  feet  of  brickwork  a  13  tons;  hence  1  cubic  foot  is  equal 
to  full  95  lbs. 

2306.  In  the  measurement  of  brickwork,  from  the  surfkce  being  272 
feet  and  the  standard  thickness  1  \  brick,  it  will  be  immediately  seen 
chat  nothing  more  is  requisite  than,  having  ascertained  the  thickness  of 
each  part  of  the  work,  to  reduce  it  to  the  standard  thickness  above 
stated,  and  this  will  be  found  sufficiently  easy  in  almost  all  cases. 
Where,  however,  this  cannot  be  done^  we  can  always  ascertain  with 
sufficient  accuracy  the  cubic  contents  in  feet  of  any  mass  of  brickwork ; 
and  dividing  by  306  we  have  the  nwnber  of  rods. 

2307.  We  here  present  an  illustration  in  a  wall  of  the  most 
common  occurrence  (Jig.  806. ),  which  we  will  suppose  20  feet  long 
without  reference  to  any  wall  which  might  return  from  it,  and  thus  di- 
minish  its  length  in  measuring  therewith  a  returning  watt.  The  follow- 
ing is  the  method  of  entering  and  calculating  the  cQmensions. 


I  Brwk. 


1|  Bricfc. 


2  Brick*. 


aiBndU. 


lA 


Flff.  SOS. 


*.▼  — ^_^  •_    _       * 

Factori  to  rednce 

Length  multiplied 
by  the  Height. 

• 

A    _ 

Number  of 

the  Area  to 

Tbickoeu  reduced 

Area. 

Bricks  in 
ThickncM. 

Standard  of  U 
Brick. 

to  1|  Brick 
in  Feet  sop. 

■      20-0 

6 

10-0 

4 

n 

26-8 

20-0 

Footings  6  oouises 

1            ^ 

10-0 

3* 

n 

23-4 

20-0 

6 

m 

10-0 

3 

2 

20-0 

Basement  wall     - 

r    20-0 

1         6-0 

I. 

120-0 

^ 

11 

200-0 

Ground-floor  wall 

f      20*0 
\       12-0 

240-0 

2 

11 

320-0 

One-pair  wall 

r    20-0 

\      14-0 

280-0 

1} 

1 

280-0 

Two-pair  wall     - 

f      20-0 
I        7-0 

140-0 

1 

i 

93-4 

963-4 

Therefore  the  total  is  963*4  superficial  feet  1^  brick  thick,  and  ^»3  rods,  147  feet 

2308.  Upon  this  principle  the  measuring  and  estimation  of  brickwork  is  conducted,  and 
having  the  price  and  quantity  of  bricks  in  a  rod,  and  the  lime,  sand,  and  labour,  which 
will  presently  be  given,  we  may  come  to  a  pretty  accurate  knowledge  of  its  value.  But 
there  are  other  articles  which  will  require  our  attention,  to  which  we  shall  presently 
advert.  Before  proceeding,  however,  we  may  as  well  observe  that  the  above  result  of 
3  rods  1 47  feet  might  have  been  similarly  obtained  by  cubing  the  mass  of  brickwork  and 
dividing  the  whole  mass  by  306,  but  with  much  more  labour. 
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9309.  In  measuring  walls  ikoed  with  brioks  of  a  superior  quality,  the  area  of  such  fiicing 
must  be  measured,  or  allowance  extra  is  made  in  the  price  per  rod  of  the  brickwork. 

2310.  All  apertures  and  recesses  from  any  of  the  fiices  are  deducted. 

2311.  Ouaged  arches  are  sometimes  deducted  and  charged  separately,  sometimes  not; 
but  whether  deducted  or  not  does  not  signify,  as  the  extra  price  must  be  allowed  in  the 
latter  case  and  the  whole  price  in  the  former.  Rubbed  and  guaged  arches,  of  whaterer 
form,  are  measured  and  ofaArged  by  the  superficial  foot. 

2313.  The  angles  of  groins,  outride  and  inride  splays,  bird's  mouths,  buirs  noses,  are 
measured  by  the  lineal  or  running  foot ;  but  cuttings  are  measured  by  the  foot  superficial. 
Chimneys  are  measured  solid  to  allow  for  the  trouble  of  forming  and  pargetting  the  flues. 
The  opening  at  bottom,  however,  is  to  be  dedueted. 

2313.  Quarters  in  bricknogging  are  measured  in,  as  are  all  rills,  stone  strings,  and 
timber  inserted  in  walls.  Two  inches  are  also  allowed  in  the  height  of  brickwork  for 
bedding  plates  if  no  brickwork  be  over  them. 

2314.  Ovens,  coppers,  &c.  are  measured  as  solid  work,  deducting  only  the  ash  holes ; 
but  all  fire  stone,  Welsh  lumps,  tiles,  &c.,  though  measured  alone,  are  not  to  be  deducted 
out  of  the  brickwork.  Pointing,  colouring,  Sco,  to  fronts,  is  measured  by  the  foot  super- 
ficial.    Plantilie  creering  by  the  root  lineal. 

To  estimate  the  value  of  a  rod  of  brickwork,  the  method  is  as  under :  -^ 

£    t.    d, 
4500  stocks,  at  per  thousand  -  -  -  -  -000 

\\  hundred  of  lime i> 374  s^n^^^  bushels  containing  27  feet  cube  to  the 

hundred         -  •  -  -  -  -  -  -000 

2  loads  of  sand      -  -  •  -  •  •  -  •OOO 

Laboiur  and  scaffolding     •  •  -  -  -  -  -000 

0    0    0 
Per  cent  profit  •  -  •  -  •  -000 

Per  rod  -  -  -  -  •  .  -000 

2315.  In  measuring  and  estimating  all  sorts  of  artificers'  works,  the  method  usually 
adopted  for  saving  labour  in  making  out  the  account  is  to  arrange  in  separate  columns  each 
sort  of  work,  and  then  to  add  them  up  and  carry  the  total  to  the  biU.  In  brickwork, 
where  walls  are  of  different  thicknesses,  these  with  their  deductions  are  arranged  in  sepa- 
rate columns,  and  then  all  are  reduced  to  the  standard  thickness. 

2316.  The  common  measure  for  tiling  is  a  square  of  10  feet,  containing  therefore  100 
feet  superficial  Claims  are  made  for  the  eaves  to  the  extent  of  6  inches ;  but  in  pantiling 
this  ought  not  to  be  allowed,  as  a  claim  not  founded  in  justice,  though  custom  is  pleaded 
for  it. 

2317.  The  following  table  shows  the  number  of  bricks  necessary  for  constructing  any 
number  of  superficial  feet  of  walling  firom  1  to  90^000^  and  from  half  a  brick  to  2J  bricks 
thick ;  and  thence,  by  addition  only,  to  any  thickness  or  number  required,  at  the  rate  of 
4500  bricks  to  a  reduced  rod.  Thus,  if  it  be  required  to  find  the  number  of  bricks  wanted 
to  build  a  piece  of  work  oontaining  756  feet  super,  of  walling  U  brick  thick,  we  find  by 
inspection  for  700  feet  1 1580  bricks ;  for  50  feet,  827  bricks ;  and  for  6  feet,  99  bricks ;  in 
all,  1 1580  +  827  +  99  =  12506. 

Tabls  showing  thb  rbquisits  QuAMTrrr  of  Baicxs  foe  a  oiyxn  Sitpbrficus  of  Walling, 


No.  of  Brick!  to  Thicknesses  of 

Area 
of  Wall  in 

Feet. 

i  Brick. 

1  Brick. 

4  Brick. 

S  Bricks. 

Si  Bricki. 

1 

5 

11 

16 

22 

27 

2 

11 

22 

33 

44 

65 

3 

16 

33 

49 

66 

82 

4 

22 

44 

66 

88 

no 

5 

27 

55 

82 

110 

137 

6 

33 

66 

99 

132 

165 

7 

38 

77 

115 

154 

193 

8 

44 

88 

132 

176 

220 

9 

49 

99 

148 

198 

248 

10 

55 

110 

165 

220 

275 

20 

110 

220 

330 

441 

551 

SO 

165 

330 

496 

661 

827 
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No.  of  BridLs  to  Thickneuei  of 

Ar«i 
of  Wall  in 

Feet. 

i  Brick. 

I  Brick. 

11  Brick. 

9  Bricks. 

S|  Bricks. 

40 

220 

441 

661 

882 

1102 

50 

275 

551 

827 

1102 

1378 

60 

330 

661 

992 

1323 

1654 

70 

386 

772 

1158 

1544 

1930 

80 

441 

882 

1323 

1764 

2205 

90 

496 

992 

1488 

1985 

2481 

100 

551 

1102 

1654 

2205 

2757 

200 

1108 

2205 

3306 

4411 

5514 

SOO 

1654 

3308 

4963 

6617 

8272 

400 

2205 

4411 

6617 

8323 

11029 

500 

2757 

5514 

8272 

11029 

13786 

600 

3308 

6617 

9926 

13235 

16544 

700 

3860 

7720 

11580 

15441 

19301 

800 

4411 

8823 

13235 

17647 

22058 

900 

4963 

9926 

14889 

19852 

24816 

1000 

5514 

11029 

16544 

22058 

25753 

SOOO 

11029 

22058 

33088 

44117 

55147 

SOOO 

16544 

33088 

496S2 

66176 

82720 

4000 

22058 

44117 

66176 

88235 

110294 

5000 

27573 

55147 

82790 

110294 

137867 

6000 

33088 

66176 

99264 

132352 

165441 

7000 

38602 

77205 

115803 

154411 

193014 

8000 

44117 

88235 

132352 

176470 

220588 

9000 

49682 

99264 

148896 

198529 

248161 

10000 

55147 

110294 

165441 

220588 

275735 

20000 

110294 

220588 

330882 

441176 

551470 

SOOOO 

165441 

330882 

496323 

661764 

827205 

40000 

220588 

441176 

661764 

882352 

1102940 

50000 

275735 

551470 

827205 

1102940 

1378675 

60000 

330882 

661764 

992646 

1323528 

1654410 

70000 

386029 

772053 

1168087 

1544116 

1930145 

80000 

441175 

882352 

1323528 

1704704 

2205080 

90000 

496323 

992646 

1468969 

1985292 

2481615 

2318.  The  next  table  which  we  submit  for  use  exhibits  the  number  of  reduced  feet  to 
superficial  feet  firom  1  to  lOyOOO^  the  thicknesses  being  from  1  to  2|  bricks. 


Area  of 

Wall  In 

Reduced  Quantity  in 

super- 

Acial 

Feet. 

1  Bride 

1  Brick. 

U  Brick. 

t  Bricks. 

^  Bricks. 

Rods 

.qn 

.  ft. 

in. 

Rods 

.  qn 

(.  ft. 

in. 

Rods.  qrs.  ft. 

in. 

Rods 

.  qrs.  ft. 

in. 

Rods 

.qrs.  ft.  In. 

1 

0 

0 

0 

4 

0 

0 

0 

8 

0     0     1 

0 

0 

0     1 

4 

0 

0     18 

2 

0 

0 

0 

8 

0 

0 

1 

4 

0     0     9 

0 

0 

0     2 

8 

0 

0     3     4 

3 

0 

0 

1 

0 

0 

0 

2 

0 

0     0     3 

0 

0 

0     4 

0 

0 

0     5     0 

4 

0 

0 

1 

4 

0 

0 

2 

8 

0     0     4 

0 

0 

0     5 

4 

0 

0     6     8 

5 

0 

0 

1 

8 

0 

0 

3 

4 

0     0     5 

0 

0 

0     6 

8 

0 

0     8     4 

6 

0 

O 

2 

0 

0 

0 

4 

0 

0    0     6 

0 

0 

0     8 

0 

0 

0  10     0 

7 

0 

0 

2 

4 

0 

0 

4 

8 

0     0     7 

0 

0 

0     9 

4 

0 

0  11      8 

8 

0 

0 

2 

8 

0 

0 

5 

4 

0     0     8 

0 

0 

0  10 

8 

0 

0  13     4 

9 

0 

0 

3 

0 

0 

0 

6 

0 

0     0     9 

0 

0 

0  12 

0 

0 

0  15     0 

10 

0 

0 

3 

4 

0 

0 

6 

8 

0     0  10 

0 

0 

0  13 

4 

0 

0  16     8 

11 

0 

0 

3 

8 

0 

0 

7 

4 

0    0  11 

0 

0 

0  14 

8 

0 

0  18     4 

12 

0 

0 

4 

0 

0 

0 

8 

0 

0     0  12 

0 

0 

0  16 

0 

0 

0  20    0 

13 

0 

0 

4 

4 

0 

0 

8 

8 

0    0  13 

0 

0 

0  17 

4 

0 

0  21     8 

14 

0 

0 

4 

8 

0 

0 

9 

4 

0     0  14 

0 

0 

0  18 

8 

0 

0  23     4 

15 

0 

0 

5 

0 

0 

0 

10 

0 

0     0  15 

0 

0 

0  20 

0 

0 

0  25     0 

16 

0 

0 

5 

4 

0 

0 

10 

8 

0     0  16 

0 

0 

0  21 

4 

0 

0  26     8 

17 

0 

0 

5 

8 

0 

0 

11 

4 

0    0  17 

0 

0 

0  22 

8 

0 

0  28     4 

624 


THEORY  OF  ARCHITECTURE 


Book  II. 


Area  of 
Wall  in 

Reduced  Quantity  in 

•uper- 

flcial 

Feet. 

4  Brick. 

I  Brick. 

• 

1|  Brick 

1 

S  Bricki. 

1 

t 

Rodi 
0 

I^Bridu. 

18 

Rodi 
0 

1.  qn.  ft. 
0     6 

in. 
0 

Rodi 
0 

(.  qrt.  ft  in. 
0  12     0 

Rodi.  qn.  ft 
0     0  18 

.  in. 
0 

Rods.qn.  ft 
0     0  24 

.  in. 
0 

1.  t\n.  ft.  in. 
0  30     8 

19 

0 

0     6 

4 

0 

0  12 

8 

0 

0  19 

0 

0 

0  25 

4 

0 

0  31      8 

20 

0 

0     6 

8 

0 

0  13 

4 

0 

0  20 

0 

0 

0  26 

8 

0 

0  33     4 

21 

0 

0     7 

0 

0 

0  14 

0 

0 

0  21 

0 

0 

0  28 

0 

0 

0  35     O 

22 

0 

0     7 

4 

0 

0  14 

8 

0 

0  22 

0 

0 

0  29 

4 

0 

0  36     8 

23 

0 

0    7 

8 

0 

0  15 

4 

0 

0  23 

0 

0 

0  30 

8 

0 

0  38     4 

24 

0 

0     8 

0 

0 

0  16 

0 

0 

0  24 

0 

0 

0  32 

0 

0 

0  40     0 

25 

0 

0     8 

4 

0 

0  16 

8 

0 

0  25 

0 

0 

0  33 

4 

0 

0  41     8 

26 

0 

0     8 

8 

0 

0  17 

4 

0 

0  26 

0 

0 

0  34 

8 

0 

0  43     0 

27 

0 

0     9 

0 

0 

0  18 

0 

0 

0  27 

0 

0 

0  36 

0 

0 

0  45     4 

28 

0 

0     9 

4 

0 

0  18 

8 

0 

0  28 

0 

0 

0  37 

4 

0 

0  46     8 

29 

0 

0     9 

8 

0 

0  19 

4 

0 

0  29 

0 

0 

0  38 

8 

0 

0  48     4 

SO 

0 

0  10 

O 

0 

0  20 

0 

0 

0  30 

0 

0 

0  40 

0 

0 

0  50     0 

31 

0 

0  10 

4 

0 

0  20 

8 

0 

0  31 

0 

0 

0  41 

4 

0 

0  51     8 

32 

0 

0  10 

8 

0 

0  21 

4 

0 

0  32 

0 

0 

0  42 

8 

0 

0  53     4 

33 

0 

0  11 

0 

0 

0  22 

0 

0 

0  33 

0 

0 

0  44 

0 

0 

0  55     0 

34 

0 

0  11 

4 

0 

0  22 

8 

0 

0  34 

0 

0 

0  45 

4 

0 

0  56     8 

35 

0 

0  11 

8 

0 

0  23 

4 

0 

0  35 

0 

0 

0  46 

8 

0 

0  58     4 

36 

0 

0  12 

0 

0 

0  24 

0 

0 

0  36 

0 

0 

0  48 

0 

0 

0  60    0 

37 

0 

0  12 

4 

0 

0  24 

8 

0 

0  37 

0 

0 

0  49 

4 

0 

0  61      8 

38 

0 

0  12 

8 

0 

0  25 

4 

0 

0  38 

0 

0 

0  50 

8 

0 

0  63     4 

39 

0 

0  13 

0 

0 

0  26 

0 

0 

0  39 

0 

0 

0  52 

0 

0 

0  65     0 

40 

0 

0  13 

4 

0 

0  26 

8 

0 

0  40 

0 

0 

0  53 

4 

0 

0  66     8 

41 

0 

0  13 

8 

0 

0  27 

4 

0 

0  41 

0 

0 

0  54 

8 

0 

I      0     4 

42 

0 

0  14 

0 

0 

0  28 

0 

0 

0  42 

0 

0 

0  56 

0 

0 

1      2     0 

43 

0 

0  14 

4 

0 

0  28 

8 

0 

0  43 

0 

0 

0  57 

4 

0 

1      3     8 

44 

0 

0  14 

8 

0 

0  29 

4 

0 

0  44 

0 

0 

0  58 

8 

0 

1      5     4 

45 

0 

0  15 

0 

0 

0  30 

0 

0 

0  45 

0 

0 

0  60 

0 

0 

1      7     0 

46 

0 

0  15 

4 

0 

0  30 

8 

0 

0  46 

0 

0 

0  61 

4 

0 

1     8     8 

47 

0 

0  15 

8 

0 

0  31 

4 

0 

0  47 

0 

0 

0  62 

8 

0 

1   10     4 

48 

0 

0  16 

0 

0 

0  32 

0 

0 

0  48 

0 

0 

0  64 

0 

0 

1    12     0 

49 

0 

0  16 

4 

0 

0  32 

8 

0 

0  49 

0 

0 

0  65 

4 

0 

I   IS     8 

50 

0 

0  16 

8 

0 

0  S3 

4 

0 

0  50 

0 

0 

0  66 

8 

0 

1   15     4 

60 

0 

0  20 

0 

0 

0  40 

0 

0 

0  60 

0 

0 

1   12 

0 

0 

1   32     0 

70 

0 

0  23 

4 

0 

0  46 

8 

0 

1     2 

0 

0 

1  25 

4 

0 

I   48     8 

80 

0 

0  26 

8 

0 

0  53 

4 

0 

1   12 

0 

0 

1   38 

8 

0 

1   65     4 

90 

0 

0  80 

0 

0 

0  60 

0 

0 

1    22 

0 

0 

1   52 

0 

0 

2  14     0 

100 

0 

0  33 

4 

0 

0  66 

8 

0 

1   32 

0 

0 

1   65 

4 

0 

2  SO     8 

200 

0 

0  66 

8 

0 

1  65 

i 

0 

2  64 

0 

0 

3  62 

8 

1 

0  61     4 

300 

0 

1   32 

0 

0 

2  64 

0 

1 

0  28 

0 

1 

1   60 

0 

I 

3  24     0 

400 

0 

1   65 

4 

0 

3  62 

8 

1 

1   60 

0 

1 

3  57 

4 

2 

1  54     8 

500 

0 

2  30 

8 

1 

0  61 

4 

1 

3  24 

0 

2 

1   54 

8 

3 

0  17     4 

600 

0 

2  64 

0 

1 

1   60 

0 

2 

0.56 

0 

2 

S  52 

0 

3 

2  48     0 

700 

0 

3  29 

4 

1 

2  58 

8 

2 

2  20 

0 

3 

1   49 

4 

4 

1    10     8 

800 

0 

3  62 

8 

1 

3  57 

4 

2 

3  52 

0 

3 

3  46 

8 

4 

3  41      4 

900 

I 

0  28 

0 

2 

0  56 

0 

3 

1   16 

0 

4 

1  44 

0 

5 

2     4     0 

1000 

1 

0  61 

4 

2 

I  54 

8 

S 

2  48 

0 

4 

3  41 

4 

6 

0  34     8 

2000 

2 

1   54 

8 

4 

3  41 

4 

7 

1   28 

0 

9 

3  14 

8 

12 

1      1      4 

3000 

3 

2  48 

0 

7 

1  28 

0 

11 

0     8 

0 

14 

2  46 

0 

18 

1   36     O 

4000 

4 

3  41 

4 

9 

3  14 

8 

14 

2  56 

0 

19 

2  29 

4 

24 

2     2     8 

5000 

6 

0  34 

8 

12 

1      1 

4 

18 

1   36 

0 

24 

2     2 

8 

SO 

2  37     4 

6000 

7 

1   28 

0 

14 

2  56 

0 

22 

0  16 

0 

29 

1   44 

0 

36 

3     4     0 

7000 

8 

2  21 

4 

17 

0  42 

8 

25 

2  64 

0 

34 

1   17 

4 

42 

3  38     8 

8000 

9 

3  14 

8 

19 

2  29 

4 

29 

1   44 

0 

39 

0  58 

8 

49 

0     5     4 

9000 

11 

0     8 

0 

22 

0  16 

0 

33 

0  24 

0 

44 

0  32 

0 

65 

0  40     0 

10000 

12 

1      1 

4 

24 

2     2 

8 

36 

3     4 

0 

49 

0     5 

4 

61 

1     6     8 

2319.  The  IbUowing  table  exhibits  the  value  of  a  rod  of  brickwork  (allowing  4500 
bricks  to  a  rod)  at  the  prices  from  SO*,  to  GOt.  per  thousand  for  the  bricks,  and  for  labour, 
mortar,  and  scaflfblding  the  several  sums  of  SL  5».,  3L  lOs.,  S/L  15s.,  42.,  4L  5s.,  and  4L  10s. 
per  rod. 


Chap.  III. 


MEASURING  AND  ESTIMATING. 


eas 


Brick*  per 
Thousand. 

Labour,  Mor- 
tar, ice.  per 
Rod,  31.  ta. 

Labour,  ] 
tar,  Ac. 
Rod,  3/. 

Uor. 
lOf. 

Labour,  Mor- 
tar, Ac.  per 
Rod,  3/.  Iftf. 

Labour,  Mor- 
tar, Ac.  per 
Rod,  4/. 

Labour,  Mor- 
tar, Ac.  per 
Rod.  4^  bt. 

Labour,  Mor. 
tar,  Ac.  per 
Rod,  4/.  10». 

t. 

SO 

£     t. 
10     0 

0 

je    t. 

10     5 

d. 
0 

je   t. 

10  10 

d. 
0 

10  15 

d. 
0 

£     t. 
11      0 

d. 
0 

£      9.       d. 

11     5     0 

32 

10     9 

0 

10  14 

0 

10  19 

0 

11      4 

0 

11      9 

0 

11    14     0 

34 

10   18 

0 

U     3 

0 

11      8 

0 

11   13 

0 

11    18 

0 

12     3     0 

36 

11      7 

0 

11    12 

0 

11    17 

0 

12     2 

0 

12     7 

0 

12  12     0 

38 

11    16 

0 

12     1 

0 

12     6 

0 

12  11 

0 

12  16 

0 

IS      1     0 

40 

12     5 

0 

12  10 

0 

12  15 

0 

13     0 

0 

13     5 

0 

13   10     0 

42 

12  14 

0 

12  19 

0 

13     4 

0 

13     9 

0 

13  14 

0 

13    19     0 

44 

13     3 

0 

13     8 

0 

13  13 

0 

13  18 

0 

14     3 

0 

14     8     0 

46 

13   12 

0 

13   17 

0 

14     2 

0 

14     7 

0 

14  12 

0 

14   17     0 

48 

14     1 

0 

14     6 

0 

14  11 

0 

14  16 

0 

15     1 

0 

15     6     0 

50 

14  10 

0 

14  15 

0 

15     0 

0 

15     5 

0 

15  10 

0 

15  15     0 

52 

14  19 

0 

15     4 

0 

15     9 

0 

15   14 

0 

15   19 

0 

16     4     0 

54 

15     8 

0 

15   13 

0 

15  18 

0 

16     3 

0 

16     8 

0 

16  13     0 

56 

15  17 

0 

16     2 

0 

16     7 

0 

16  12 

0 

16   17 

0 

17     2     0 

58 

16     6 

0 

16  11 

0 

16  16 

0 

17     1 

0 

17     6 

0 

17   11     0 

60 

16  15 

0 

17     0 

0 

17     5 

0 

17  10 

0 

17   15 

0 

18     0     0 

2320.  The  following  1 

is  a  table  of  the  decimal  ports 

of  a  rod  of  reduced  brickwork. 

Feet. 

1 

Dec.  Farts. 

Feet. 

Dec.  ParU. 

Feet. 

Dec.  Parts. 

Feet. 

Dec.  Parts. 

Feet. 

Dec.  Farts. 

•00367 

41 

•15073 

81 

•29779 

121 

•44485 

161 

•59191 

2 

■00735 

42 

•15441 

82 

•30147 

122 

•44852 

162 

•59559 

3 

•01102 

43 

•15809 

83 

•30515 

123 

•45220 

163 

•59926 

4 

•01470 

44 

•16176 

84 

•30882 

124 

•45588 

164 

•60294 

5 

•01838 

45 

•16544 

85 

•3125 

125 

•45956 

165 

•60662 

6 

■02206 

46 

•16912 

86 

•31617 

126 

•46323 

166 

•61029 

7 

•02573 

47 

•17279 

87 

•31985 

127 

•46691 

167 

•61397 

8 

•02941 

48 

•17647 

88 

•32353 

128 

•47059 

168 

•61765 

9 

•03309 

49 

•18015 

89 

•32720 

129 

•47426 

169 

•62132 

10 

•03676 

50 

•18382 

90 

•33088 

130 

•47794 

170 

•625 

11 

■04044 

51 

•1875 

91 

•33456 

131 

•48162 

171 

•62867 

12 

•04412 

52 

•19117 

92 

•33823 

132 

•48529 

172 

•63235 

13 

■04779 

53 

•19485 

93 

•34191 

133 

•48897 

173 

•63604 

14 

■05147 

54 

•19852 

94 

•34559 

134 

•49265 

174 

•63971 

15 

•05515 

55 

•20221 

95 

•34926 

1.S5 

•49632 

175 

•64338 

\6 

•05882 

56 

•20588 

96 

•35294 

136 

•5 

176 

•64706 

17 

•0625 

57 

•20956 

97 

•35662 

137 

•50637 

177 

•65073 

18 

•06617 

58 

•21323 

98 

•36029 

138 

•50735 

178 

•65441 

19 

•06985 

59 

•21691 

99 

•36397 

139 

•51102 

179 

•65809 

20 

•07353 

60 

•22059 

100 

•36765 

140 

•51470 

180 

•66176 

21 

•07721 

61 

-22426 

101 

•37132 

141 

•51838 

181 

•66544 

22 

•08088 

62 

•22794 

102 

•375 

142 

•52206 

182 

•66912 

23 

•08456 

63 

•23162 

103 

•   •37867 

143 

•52573 

183 

•67279 

24 

•0882S 

64 

•23529 

104 

•38235 

144 

•52941 

184 

•67647 

25 

•09191 

65 

•23897 

105 

•38604 

145 

•53309 

185 

•68015 

26 

•09559 

66 

•24265 

106 

•88970 

146 

•53676 

186 

•68382 

27 

•09926 

67 

•24632 

107 

•39338 

147 

•54044 

187 

•6875 

28 

•10294 

68 

•25 

108 

•39706 

148 

•54412 

188 

•69117 

29 

•10662 

69 

•25367 

109 

•40073 

149 

•54779 

189 

•69485 

SO 

•11029 

70 

•25735 

110 

•40441 

150 

•55147 

190 

•69853 

31 

•11397 

71 

•26103 

111 

•40809 

151 

'55515 

191 

•70221 

32 

•11765 

72 

•26470 

112 

•41176 

152 

•55882 

192 

•70588 

33 

•12132 

73 

•26838 

113 

•41544 

153 

•5625 

193 

•70956 

34 

•125 

74 

•27206 

114 

•41912 

154 

•56617 

194 

•71323 

35 

•12867 

75 

•2757S 

115 

•42279 

155 

•56985 

195 

•71691 

36 

•13235 

76 

•27941 

116 

•42647 

156 

•57858 

196 

•72059 

37 

•13604 

77 

•28S09 

117 

•43015 

157 

•57721 

197 

•72426 

38 

•18970 

78 

•28676 

118 

•43382 

158 

•58088 

198 

•72794 

39 

•14338 

79 

•29044 

119 

•4375 

159 

•58456 

199 

•73162 

40 

•14706 

80 

•29412 

120 

•44117 

160 

•58823 

200 

•73529 
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Feet. 

Dee.  Parti. 

Feet. 

Dec.  Parti. 

Feet. 

Dec.  Parte. 

Feet. 
245 

Dee.  Parti. 

Feet. 

Dec.  Parts. 

SOI 

•73897 

216 

•79412 

231 

•84926 

•90073 

259 

•95221 

202 

•74265 

217 

•79779 

232 

•85294 

246 

•90441 

260 

•95588 

20S 

•74632 

218 

•80147 

233 

•85662 

247 

•90809 

261 

•95956 

204 

•75 

219 

•80515 

234 

•86029 

248 

•91176 

262 

•96323 

205 

•75367 

220 

80882 

235 

•86397 

249 

•91544 

263 

•96691 

206 

•75735 

221 

•8125 

236 

•86765 

250 

•91912 

264 

•97059 

207 

•76108 

222 

•81617 

237 

•87132 

251 

•92279 

265 

•97426 

208 

•76470 

223 

•81985 

238 

•875 

252 

•92647 

,  266 

■97794 

209 

•76838 

224 

•82353 

239 

•87867 

253 

•93015 

267 

•98162 

210 

•77206 

225 

•82721 

240 

•88235 

254 

•93382 

268 

•98529 

211 

•77573 

226 

•83088 

241 

•88604 

255 

•9375 

269 

•98897 

212 

•77941 

227 

•83456 

242 

•88970 

256 

•94117 

270 

•99265 

213 

•78309 

228 

•83823 

243 

•89338 

257 

•94485 

271 

•99632 

214 

•78676 

229 

•84191 

244 

•89706 

258 

•94853 

272 

lOOOOO 

215 

■79044 

230 

•84559 

2321.  The  subjoined  table  showa  the  number  of  pUintiles  or  pantiles  required  to  coyer 
any  area  from  I  to  10,000  feet 


Feetmper- 

PlalntUei. 

PantUei. 

Oaugei. 

Gaugee. 

61ochei. 

6i  inchei. 

Tioehei. 

11  iachei. 

la  iachei. 

IS  Inches. 

1 

n 

7 

«1 

n 

1) 

'4 

2 

15 

14 

13 

H 

3 

3 

22i 

21 

19i 

6 

^ 

4 

4 

30 

28 

26 

6] 

6 

Si 

5 

37i 

35 

32) 

8) 

n 

6) 

6 

45 

42 

39 

10 

9 

8 

7 

52J 

49 

45) 

"f 

10) 

9) 

8 

60 

56 

52 

13) 

12 

10) 

9 

67i 

63 

58) 

15 

13) 

12 

10 

75 

70 

65 

16} 

15 

13) 

20 

150 

140 

130 

S3) 

30 

26) 

30 

225 

210 

195 

50 

45 

40 

40 

300 

280 

260 

661 

60 

53) 

50 

375 

350 

325 

83) 

75 

661 

60 

450 

420 

390 

100 

90 

80 

70 

525 

490 

455 

116] 

105 

93) 

80 

600 

560 

520 

133) 

120 

106) 

90 

675 

630 

585 

150 

135 

120 

100 

750 

700 

650 

166] 

150 

133) 

200 

1500 

1400 

1300 

333) 

300 

266) 

300 

2250 

2100 

1950 

500 

450 

400 

400 

3O0O 

2800 

2600 

666| 

600 

533) 

500 

3750 

3500 

3250 

833) 

750 

666) 

600 

4500 

4200 

3900 

1000 

900 

800 

700 

5250 

4900 

4550 

1166] 

1050 

933) 

800 

6000 

5600 

5900 

1333) 

1200 

1066) 

900 

6750 

6300 

5850 

1500 

1350 

1200 

1000 

7500 

7000 

6500 

1666) 

1500 

1333) 

2000 

15000 

14000 

13000 

3333) 

3000 

2666) 

3000 

22500 

21000 

19500 

5000 

4500 

4000 

4000 

30000 

28000 

26000 

666ei 

6000 

5333) 

5000 

37500 

35000 

32500 

8333) 

7500 

666$i 

6000 

45000 

42000 

89000 

10000 

9000 

8000 

7000 

52500 

49000 

45500 

11666) 

10500 

9333) 

8000 

60000 

56000 

52000 

13333) 

12000 

10666) 

9000 

67500 

63000 

58500 

15000 

13500 

12000 

10000 

75000 

70000 

65000 

166661 

15000 

13333) 
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The  use  of  the  foregomg  tables  it  can  scarcely  be  necessary  to  explain,  They  are  such 
as  to  indicate^  on  inspection,  their  value ;  and  we  shall  therefore  leave  them  without  fur- 
ther comment  for  their  application. 

8dSS.  When  work  is  performed  by  the  day,  or  the  materials  used  are  to  be  numbered, 
as  ofttimes  necessarily  occurs,  fire  bricks,  red  rubbers,  best  marie  stocks  for  cutters, 
second  best  ditto,  pickings,  common  bricks,  place  bricks,  paving  bricks,  kiln-burnt  bricks, 
and  Dutch  clinkers  are  charged  by  the  thousand. 

33S3.  Red  rubbers,  kiln  and  flre-bumt  bricks,  are  also  charged  by  the  hundred.  Foot 
tiles  and  ten  inch  tiles  are  charged  either  by  the  thousand  or  hundred. 

2324.  Sunk  foot  tiles  and  ten-inch  tiles  with  five  holes,  now  never  used  in  the  south  of 
England,  are  charged  by  the  piece.    ' 

2325.  Pantiles,  plaintiles,  and  nine-inch  tiles  are  charged  by  the  thousand. 

2326.  Oven  and  Welsh  oven  tiles,  Welsh  fire  lumps,  fire  bricks,  and  chimney  pots  are 
also  sold  by  the  piece. 

2327.  Sand,  clay,  and  loam  are  charged  by  the  load ;  lime  sometimes  by  the  hundred 
weight;  but  Uie  hundred  of  100  pecks  is  the  more  usual  measure  in  and  about  the  ipetro- 
polis.  Dutch  terras  is  charged  by  the  bushel,  which  is  also  sometimes  the  measure  of 
lime.     Parker^s  cement  is  similarly  charged. 

2328.  Pantile  and  plaintile  laths  are  charged  by  the  bundle  or  load ;  hair  and  mortar 
by  the  load  ;  hip  hooks  and  T  tiles  by  the  piece. 

2329.  Neither  here,  nor  in  the  following  pages,  is  it  intended  to  convey  to  the  reader 
more  than  the  principles  on  which  an  estimate  is  founded.  The  prices  of  materials  are  in 
a  state  of  constant  fluctuation  ;  and  though  when  we  come  to  the  consideration  of  the  prices 
of  joiner's  work,  we  intend,  from  the  ingenious  computations  of  Mr.  Peter  Nicholson,  to 
give  something  approaching  a  constant  value  from  the  known  performance  of  a  good  work- 
man, it  is  to  be  recollected  by  the  student,  that  cases  so  vary  as  to  make  it  impossible  to 
give  a  list  of  prices  and  value,  that  woulcl  be  of  any  value  at  the  period  of  a  month  from 
the  time  of  his  reading  this  paragraph.  The  details  of  prices  he  must  constantly  watch  if 
he  intends  to  do  justice  to  his  employer. 

cAarxirrar  amd  joinkky. 

2330.  The  works  of  the  Carpemtkr  are  the  preparation  of  piles,  sleepers,  and  planking, 
and  other  large  timbers,  formerly  much,  but  now  rarely,  used  in  foundations ;  the  centering 
on  which  vaults  are  turned ;  wall  plates,  lintels,  and  bond  timbers ;  naked  flooring,  quarter 
partitions,  roofing,  battening  to  walls,  ribbed  ceilings  for  the  formation  of  vaulting  coves, 
and  the  like  in  lath  and  plaster,  posts,  &c. 

2331 .  In  large  measures,  where  the  quantity  of  materials  and  workmanship  is  uniform, 
the  articles  are  usually  measured  by  the  square  of  100  feet  Piles  should  be  measured 
by  the  foot  cube,  and  the  driving  by  the  foot  run  according  to  the  quality  of  the  ground 
into  which  they  are  driven.  Sleepers  and  planking  are  measured  and  estimated  by  the 
foot,  yard,  or  the  square. 

2332.  Plain  centering  is  measured  by  the  square ;  but  the  ribs  and  boarding,  being 
different  qualities  of  work,  should  be  taken  separately.  The  dimensions  are  obtained  by 
girting  round  the  arch,  and  multiplying  by  the  length.  Where  groins  occur,  besides  the 
measurement  as  above,  the  angles  must  be  measured  by  the  foot  run,  that  is,  the  ribs  and 
boards  are  to  be  measured  and  valued  separately,  according  to  the  exact  superficial  contents 
of  each,  and  the  angles  by  the  linear  foot,  for  the  labour  in  fitting  the  ribs  and  boards,  and 
vraste  of  wood. 

2333.  Wall  plates,  bond  timbers,  and  lintels  are  measured  by  the  cubic  foot,  and  go 
under  the  denomination  of  ^  tn  bond, 

2SS4.  In  the  measurement  and  valuation  of  naked  flooring,  we  may  take  it  either  by 
the  square  or  the  cube  foot.  To  form  an  idea  of  its  value,  it  is  to  be  observed,  that  in 
equal  cubic  quantities  of  small  and  large  timbers  the  latter  will  have  more  superficies  than 
the  former,  whence  the  saving  is  not  in  proportion  to  the  solid  contents ;  and  the  value, 
therefore,  of  the  workmanship  will  not  be  as  the  cubic  quantity.  The  trouble  of  moving 
timbers  increases  with  their  weight,  hence  a  greater  expenditure  of  time  ;  which,  though 
not  in  an  exact  ratio  with  the  solid  quantity,  will  not  be  vastly  different,  their  sections  not 
varying  considerably  in  their  dimensions.  As  the  value  of  the  saving  upon  a  cube  foot  is 
comparatively  small  to  that  of  the  work  performed  by  the  carpenter,  the  whole  cost  of 
labour  and  materials  may  be  ascertained  with  sufficient  accuracy  when  the  work  is 
uniform. 

2335.  When  girders  occur  in  naked  flooring,  the  uniformity  of  the  work  is  thereby 
interrupted  by  the  mortices  and  tenons  which  become  necessary  ;  thus  the  amount  arising 
from  the  cubic  quantity  of  the  girders  would  not  be  sufficient  at  the  same  rate  per  foot  as 
IS  put  on  the  other  parts,  not  only  because  of  the  difference  of  the  size,  but  because  of  the 
mortices  which  are  cut  for  the  reception  of  the  tenons  of  the  binding  joists.     Hence,  for 
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▼aluing  the  labour  and  materiala,  the  whole  should  be  measured  and  valued  by  the  cubic 
quantity,  and  an  additional  rate  must  be  put  upon  every  solid  foot  of  the  girders ;  or,  if 
the  binding  jouts  be  not  inserted  in  the  girders  at  the  usual  distances,  a  fixed  price  must 
be  put  upon  every  mortice  and  tenon  in  proportion  to  their  sise.  The  binding  joists  are 
not  unfrequently  puUey  or  chase-morticed  for  the  reception  of  the  ceiling  joists ;  sometimes 
they  are  notched  to  receive  the  bridging  joists  on  them,  and  they  should  therefore  be 
classed  by  themsdves  at  a  larger  price  per  foot  cube,  or  at  an  additional  price  for  the 
workmanship,  beyond  common  joisting.  All  these  matters  must  be  in  proportion  to  the 
description  of  the  work,  whether  the  oeiHng  joists  be  put  in  with  pulley  mortices  and 
tenons,  or  the  bridgings  notched  or  adsed  doiin. 

2336.  Partitions  may  be  measured  and  estimated"  by  the  cube  foot ;  but  the  sills,  top 
pieces,  and  door  heads  should  be  measured  by  themselves,  according  to  their  cubic  contoits, 
at  a  larger  price ;  because  not  only  the  uniform  solidity,  but  the  uniform  quantity,  of  the 
workmanship  is  interrupted  by  them.  The  braces  in  trussed  partitions  are  to  be  taken  by 
the  foot  cube  at  a  larger  price  than  the  common  quartering,  on  account  of  the  trouble  of 
fitting  the  ends  of  the  uprights  upon  their  upper  and  lower  sides,  and  of  forming  the  abut- 
ments at  the  ends. 

2:)S7.  All  the  timbers  of  roofing  are  to  be  measured  by  the  cubic  foot,  and  classed 
according  to  the  difficulty  of  execution,  or  the  waste  that  occurs  in  performing  the  work. 
Common  rafters,  as  respects  labour,  are  rated  much  the  same  as  joists  or  quarters ;  purlins, 
which  require  trouble  in  fitting,  are  worth  more,  because  on  them  are  notched  down  the 
common  rafters.  The  different  parts  of  a  truss  should,  to  come  accurately  at  the  true 
value,  be  separately  taken,  and  the  joggles  also  separately  considered,  including  the  tenons 
at  the  ends  of  the  struts ;  morticing  tie  beams  and  principals,  forming  the  tenons  of  the  truss 
posts,  morticing  and  tenoning  the  ends  of  the  tie  beams  and  principals,  is  in  another  class. 
The  strapping  is  paid  for  according  to  the  number  of  the  bolts.  Common  or  bridging  rafters* 
feet  are  also  to  be  considered ;  the  sise  and  description  of  the  work  being  always  matter 
for  the  consideration  of  the  architect. 

2338.  It  is  usual  and  fair  to  measure  the  battening  of  walls  by  the  square^  according  to 
the  dimensions  and  distances  of  the  battening. 

2339.  Ribbed  ceilings  are  taken  by  the  cubic  quantity  of  timber  they  contun,  making 
due  allowance  for  the  waste  of  stuff,  which  n  often  considerable.  The  price  of  their  labour 
is  to  be  ordered  by  the  nature  of  the  work,  and  the  cubic  quantitv  they  contain. 

2340.  Trimmers  and  trimming  joists  are  so  priced  as  to  include  the  mortices  and  tenons 
they  contain,  and  also  the  tenons  at  the  extremities  of  the  trimmers.  But  to  specify  all  the 
methods  required  of  ascertaining  the  value  of  each  species  of  carpenter's  work  would  be 
impossible,  with  any  respect  to  our  limits.  They  must  be  learned  by  observation ;  all  we 
have  to  do  is  with  Uie  principles  on  which  measuring  and  estimating  is  conducted. 

2341.  When  the  carcass  of  the  building  is  completed,  before  laying  the  floors  or  lathing 
the  work  for  receiving  the  plastering,  the  timbers  should  be  measured,  so  that  the 
scantlings  may  be  examined  and  proved  correct,  according  to  the  specification ;  and  in 
this,  as  a  general  rule,  it  is  to  be  remembered  that  all  pieces  having  tenons  are  measured 
to  their  extremities,  and  that  such  timbers  as  girders  and  binding  joists  lie  at  least  9  inches 
at  their  ends  into  the  walls,  or  )  of  the  wall's  thickness,  where  it  exceeds  27  inches.  In 
the  measurement  of  bond  timber  and  wall  plates,  the  laps  must  be  added  to  the  net  lengths. 
If  a  necessity  occur  for  cutting  parallel  pieces  out  of  truss  poets  (such  as  king  or  queen- 
posts),  when  such  pieces  exceed  2  feet  6  inches  in  length,  and  2)  inches  in  thickness,  they 
are  considered  as  pieces  fit  for  use,  deducting  6  inches  as  waste  from  their  loigths. 

2342.  The  boarding  of  a  roof  is  measured  by  the  square,  and  estimated  according  to  its 
thickness,  and  the  quantity  of  boards  and  the  manner  in  which  they  are  jointed. 

2343.  Where  the  measurement  is  for  labour  and  materials,  the  best  way  is,  first,  to  find 
the  cubical  contents  of  a  piece  of  carpentry,  and  value  it  by  the  cubic  foot,  including  the 
prime  cost,  cvting,  sawinff,  waste,  and  carpenter's  profit,  and  then  to  add  the  price  of  the 
labour,  properly  measured,  as  if  the  journeyman  were  to  be  paid.  It  is  out  of  the  question 
to  give  a  notion  of  any  fixed  value,  because  it  must  necessarily  vary,  as  do  materuds  and 
labour ;  hence  no  tables  or  price-books  are  ever  to  be  depended  upon ;  they  gull  the 
unwary,  and  mislead  the  amateur  who  consults  them.  The  only  true  method  of  forming  a 
proper  estimate  is  dependent  on  the  price  of  timber  and  deals,  for  which  general  tables  may 
be  formed,  and  some  will  be  presently  given. 

2344.  It  is,  perhaps,  unnecessary  to  repeat  that  a  load  of  fir  timber  contains  50  cube 
feet :  if,  then,  we  know  the  price  of  the  load  in  the  timber  merchant's  yard,  we  may 
approximate  the  value  of  a  cube  foot  as  under.  We  will  suppose  the  price  to  be,  at  the 
moment  of  estimating,  4L  lOs.  per  load.     We  shall  then  have  — 
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£  •.    d. 

Prime  cost  of  a  load  of  fir  -  •  -  -  -  -4  10    0 

Suppose  the  cartage  (dependent  on  distance)         -  -  -  -050 

Sawing  into  neeesnry  scantlings  -  -  -  -  -0  10    0 

Waste  in  converting  equal  to  5  feett  at  2^s.  per  foot,  the  load  being  105«. 

SO  per  cent  profit  on  51 15*,  €d. 


SS45.  Now,^^:-i^— ' .  2.77  shillings,  or  8  shillings  and  9  pence  and  nearly  1  fiirthing  per 

foot  cube. 

2346.  It  LB  only  in  this  way  that  we  can  arriye  at  the  value  of  work ;  and  it  is  much 
to  be  regretted  that  from  no  species  of  labour  of  the  carpenter  have  been  formed  tables  ca- 
pable of  furnishing  such  a  set  of  constants  as  would,  by  application  to  the  rate  of  a  journey- 
man's wages,  form  fiwtors,  or,  in  other  words,  furnish  data  for  a  perpetual  price-book.  As 
we  have  before  hinted,  ihe  best  of  the  price-books  that  have  ever  been  published  are 
useless  as  guides  to  the  value  of  work.  The  method  of  lumping  work  by  the  square  is 
as  much  as  possible  to  be  avoided,  unless  the  surfaces  be  of  a  perfectly  uniform  description 
of  workmanship  ;  as,  for  instance,  in  hipped  roo&,  the  principal  trouble  is  at  the  hips,  in 
fitting  the  jack  rafters,  which  are  fixed  at  equal  distances  thereon  ;  hence  such  a  price  may 
be  fixed  for  the  cubic  quantitv  of  hips  and  valleys  as  will  pay  not  only  for  them*  but  also 
for  the  trouble  of  cutting  and  fixing  the  jack  raflers.  Such  parts,  indeed,  as  these  should 
be  separately  classified ;  but  the  analysis  of  such  a  subject  requires  investigation  of  enormous 
labour ;  and  as  it  must  depend  on  the  information  derived  from  the  practical  carpenter,  is, 
we  fear,  not  likely  to  be  soon,  if  ever,  accomplished. 

2347.  Mr.  Peter  Nicholson,  a  gentleman  to  whom  the  architect  as  well  as  the  practical 
man  are  more  indebted  than  to  any  other  author  on  this  subject,  is  the  only  person  who 
has  attempted  to  promulgate  a  system  founded  on  the  scientific  basis  to  which  we  have  just 
alluded ;  and  we  have  much  pleasure  in  here  alluding  to  the  value  of  his  labour,  and  of 
placing  before  the  reader  the  extent  to  which  he  carri^  it,  regretting  much  that  he  did  not 
further  pursue  an  investigation,  which  we  have  carried  to  a  greater  extent,  though  not  now 
so  complete  as  we  could  have  wished. 

2348.  It  is  manifest  that  if  the  average  time  of  executing  each  species  of  work  we.re 
known,  no  difficulty  could  exist  in  fixing  uniform  rates  of  charge  for  it ;  but,  as  we  have 
observed,  the  parties  who  could  best  instruct  us  on  the  subject  are  those  most  interested  in 
withholdiing  such  information  as  would  be  required  for  the  purpose.  We  shall  now  pro- 
ceed to  the  question,  premising  that,  for  the  present,  we  are  only  dealing  with  the  cost  of 
labour,  that  of  the  materials  being  a  simple  affiur,  as  we  have  already  seen  in  the  case  of 
ascertaining  the  value  of  a  cubic  foot  of  fir,  and  as  we  shall  hereafter  see  in  ascertaining 
the  value  of  superficial  foet  of  deals  of  any  thickness. 

2349.  In  the  subjoined  Ubles,  the  price  is  represented  by  the  days,  or  decimal  parts  of  a 
day,  in  which  one  man  can  perform  the  quantity  of  that  sort  of  work,  against  which  such 
price  is  afiixed.  Hence,  knowing  the  rate  per  day  of  such  man's  wages,  it  forms  a  frctor 
by  which  the  value  of  the  labour  of  such  quantity  of  wprk  will  be  estimated.  We  begin 
by  centering. 

Centering. 

For  plain  cylindric  vaults,  fixed  per  square  •  -     2-033  days. 

For  groins  of  cylindric  vaults,  fixed  per  foot  super.  -  -       "057 

For  guaged  brickwork,  per  foot  super.  ...       •078 

For  brick  trimmers  bridgewise,  per  foot  super.  -  -       041 

For  coach-head  trimmers,  per  foot  super.  ...       •057 

For  apertures,  per  foot  run  -  -  -  -  -       -02 

235a  To  apply  this  to  practice,  we  will  take  the  first  article  in  the  table,  that  of  the 
centering  of  a  cylindric  vault,  a  square  whereof,  we  see,  will  occupy  a  man  2-033  days  to 
make  and  fix.     Now,  supposing  such  man's  wages  to  be  5s.  per  diem,  we  have  only  to 
multiply  2 -OSS  by  5«.  ->  10*1 65,  or  nearly  lOs.  StL  for  a  square  of  such  work.     The  other 
items  being  similarly  used,  will  give  the  results  whereof  we  are  in  search. 

The  next  table  is  one  composed  of  several  miscellaneous  articles,  and  is  as  follows :  — 
Fir  in  bond  and  wood  bricks,  at  per  foot  run         -  .  -       ^008  ^y. 

Fir  in  templates,  lintels,  and  turning  pieces,  at  per  ibot  run  -       -025 

Planing  fir,  fhmi  the  saw,  per  foot  super.  ...       -017 

Rebating  firupto2in.byJ-  -  -  -  -       "^^ 

Rebating  fir  fhmi  2  in.  by]  to  3  in.  by  1|  -  -  -       041 
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Single  beading,  up  to  f  inch  -  -  -  -  - 

Single  quirk  beading,  from  )  inch  to  1} 

Return  beads,  worth  double. 
The  next  table  is  for  quarter  partitions :  — 

Common  4-inGb,  per  square  ..... 

Common  5-incb,  per  square  ..... 

Common  6-inch,  per  square  ..... 

Common  6«inch,  circular  plan,  per  square  ... 

Common  trussed  frame,  with  king-post,  per  square 

Common  trussed  frame,  with  king  and  queeh-posts,  per  square 
The  subjoined  is  a  table  for  naked  flooring :  — 

Ceiling  floor,  framed  with  tie  beams,  binding  and  ceiling  joists,  fixed 


per  square 
Ceiling   floor, 


with   tie  beams    and  ceiling    joists  only,   fixed  per 

square       ........ 

Ceiling  joists  only,  fixed  per  square  .  .  .  . 

Single.framed  floor,  trimmed  to  chimney,   and  well  holes  less  than 

9  inches  deep,  fixed  per  square       .  .  .  .  . 

The  same,  above  9  inches  deep,  fixed  per  square         .  .  . 

The  same,  if  trimmed  to  party  walls,  add  extra  per  square,  "SSS. 
Single-framed  floor,  with  one  girder,  fixed  per  square 
Strutting  to  be  paid  for  extra. 

Single-framed  floor-case  and  taiUbays,  flxed  per  square 
For  every  extra  bay,  add  per  square,  '484. 
Framed   floors,   with    girders,  binding  and  ceiling  joists,  fixed  per 

square       ..--...- 
Ground  joists,  bedded,  fixed  per  square  .  .  . 

Ground  joists,  framed  to  chimneys,  fixed  per  square 
Ground  joists,  pinned  down  on  plates  and  framed  to  chimneys,  fixed 

per  square  ....... 

Girders  reversed  and  bolted,  per  foot  run      .  .  .  . 

Truss  girder  braces,  4  by  4,  per  foot  run     .... 

If  any  of  the  above  works  be  executed  in  oak,  add  one  third. 
The  following  table  is  for  roofing  of  various  sorts :  — 

Common  shed  roofing,  one  story  high,  fixed  per  square 

Common  shed  roofing,  two  stories  high,  fixed  per  square 

Common  shed  roofing,  three  stories  high,  fixed  per  square 

Single  span  roofing,  one  story  high,  flxed  per  square 

Single  span  roofing,  two  stories  high,  fixed  per  square 

Single  span  roofing,  three  stories  high,  fixed  per  square 

If  the  above  are  with  purlins,  add  *194  per  square. 

If  purlins  are  framed  diagonally,  add  -388  per  square. 

Hips  and  valleys,  per  foot  run  .  .  .  .  . 

In   common  kerb  roofing,  add  extra  per  square,  when  one 
side  is  kerbed       >  -  .  .  .  •   *194 

When  three  sides      ......  '357 

When  four  sides       -  .  -  -  -  -  '516 

Girt  of  roofing,  with  framed  principals,  collar  beams,  and  purlins, 

fixed  per  square  ...... 

Framed  with    principals,  beams,  king-posts,  purlins,   and  common 

rafters,  fixed  per  square 
If  the  principals  and  rafters  are  flramed  flush,  and  the  purlins  housed 

in,  add  '387  day  to  the  above. 
Framed  with  principals,  beams,  king-posts,  queen-posts,  and  common 

rafters,  three  stories,  fixed  per  square         .  .  .  . 

The  same,  four  stories,  fixed  per  square         .  .  .  . 

Hips  and  valleys,  per  foot  run  -  .  .  .  . 

Hip  and  ridge  rolls,  fixed  in  iron,  per  foot  run  .  .  . 

Bedded  plates  to  common  span  roofing,  per  foot  run 
Bedded  plates  to  framed  roofing,  as  above,  per  foot  run 
Diagonal  and  dragon  pieces,  per  foot  run       .  .  .  . 

Angular  ties  and  struts,  per  foot  run  .  .  .  . 

Rafters*  feet  and  eaves  bond,  per  foot  run       .  .  .  . 

The  table  for  guttering  is  as  follows :  — > 

Inch  or  inch  and  .quarter,  deal  and  bearers,  including   6-inch  layer 

board,  per  foot  super.     .... 
The  same  in  kerb  roofs,  per  foot  super.  .... 


■008  day. 
01 8 


1  -033  days. 
1113 
1-307 
1*888 
1743 

2  ■226 


-     1'355  days. 


1-065 
•646 

1-355 
1-646 

1-936 

2-130 


3-581 
•775 
-968 

1-065 
-097 
•194 


•968 
1-033 
1113 
1-065 
1-113 
1-210 


•08 


S-323 
3-484 


4*549  days. 
4-84 

•145 

•048 

•008 

•028 

•065 

X>32 

•032 


•057 
•078 
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For  furringa  and  battenings,  table  as  follows :  — 

If  the  stuff  be  }  by  1^  inch,  fixed  per  square  -  -  -       '872  day. 

If  it  has  also  to  be  cut  out,  add  '146  per  square. 

Battenings  with  quarters,  3  by  2  inches,  fixed  per  square        -  -       '93 

Battenings  to  quarters,  S  by  2  inches  to  window  piers,  fixed  per 

square        ------..     1-355 

If  the  battens  be  fixed  to  plugs,  add  *29  per  square. 

When  any  of  the  abo^e  are  circular  on  the  plan,  half  as  much  more 
must  be  added  to  the  price  of  the  work. 
Table  for  bracketing,  including  plugging,  is  as  under :  — 

To  straight  cornices,  fixed  per  foot  super.  ....       •039  ^j. 

To  coved  straight  cornices,  fixed  per  foot  super.  ...       •065 

If  circular  on.  the  plan,  add  one  half  more. 

To  groins  in  passages  less  than  4  feet  wide,  fixed  per  foot  super.  '162 

To  the  same  above  4  feet,  fixed  per  foot  super.  -        -        -        -       ■!  21 

2351.  The  works  of  the  Joinxr  consist  in  the  preparation  of  boarding,  which  is  measured 
and  estimated  by  the  foot  superficial  Of  this  there  are  many  varieties ;  as,  edges  shot ;  edges 
shot,  ploughed,  and  tongued ;  wrought  on  one  side  and  edges  shot ;  the  same  on  both  sides  and 
edges  shot ;  wrought  on  both  sides  and  ploughed  and  tongued.  Boards  keyed  and  clamped ; 
mortice  clamped,  and  mortice  and  mitre  damped.  The  value  per  foot  increases  according 
to  the  thickness  of  the  stuff.  When  longitudinal  joints  are  glued,  an  addition  per  foot  is 
made ;  and  if  foatber-tongued,  still  more. 

2352.  The  measurement  and  estimation  of  floors  is  by  the  square,  the  price  varying  as 
the  sur&ce  is  wrought  or  plain ;  the  method  of  connecting  the  longitudinal  and  heading 
Joints,  and  also  on  the  thickness  of  the  stuff;  as  well  as  on  the  circumstance  of  the  boards 
being  laid  one  after  another  or  folded ;  or  whether  laid  with  boards,  battens,  wainscot,  or 
other  wood.  Skirtings  are  measured  by  the  fixit  super.,  according  to  their  position,  as 
whether  level,  raking,  or  ramping.  Also  on  the  manner  of  finishing  them,  as  whether  pbun, 
torus,  rebated,  scribed  to  floors  or  steps,  or  whether  straight  or  circular  on  the  plan. 

2353.  The  value  of  every  species  of  framing  must  depend  on  the  thickness  of  the  stuff 
employed,  whether  it  is  plain  or  moulded ;  and  if  the  latter,  whether  the  mouldings  be 
struck  on  the  solid,  or  laid  in  ;  whether  mitred  or  scribed,  and  upon  the  number  of  panels 
in  a  given  height  and  breadth,  and  also  on  the  form  of  the  plan. 

2354.  Wainscotings,  window-linings,  as  backs  and  elbows ;  door  linings,  such  as  jambs 
and  sofites ;  back  linings,  partitions,  doors,  shutters,  and  the  like,  are  all  measured  and 
valued  by  the  foot  super.  The  same  mode  is  applied  to  sashes  and  their  firames,  either 
together  or  separately. 

2355.  Skylights,  the  prices  whereof  depend  on  their  plans  and  elevations,  are  also 
measured  by  the  foot  super.     Framed  grounds,  by  the  foot  run. 

2356.  The  value  of  dado,  which  varies  as  the  plan  is  straight  or  circular,  or  being  level 
or  inclined,  is  measured  by  the  foot  super. 

2357.  In  the  measurement  of  staircases,  the  risers,  treads,  carriages,  and  brackets  are, 
after  being  classed  together,  measured  by  the  foot  super.,  and  the  string  board  is  some- 
times included.  The  value  varies  as  the  steps  may  be  flyers  or  winders,  or  from  the 
risers  being  ndtred  into  the  string  board,  the  treads  dovetailed  for  balusters  and  the  nosings 
returned,  or  whether  the  bottom  edges  of  the  risers  are  tongued  into  the  step.  The  curtail 
step  is  valued  by  itself,  and  returned  nosings  are  sometimes  valued  at  the  piece ;  and  if 
they  are  circular  on  the  plan,  they  are  charged  at  double  the  price  of  strai^t  ones.  Tlie 
handrail,  whose  value  depends  upon  the  materials  and  diameter  of  the  well  hole,  or  whether 
ramped,  swa»*necked,  level,  circular,  or  wreathed ;  whether  got  out  of  the  solid,  or  in 
thicknesses  glued  up  together,  is  measured  by  the  foot  run.  The  scroll  is  charged  by 
itself,  as  is  the  making  and  fixing  each  joint  screw,  and  3  inches  of  the  straight  part  at  each 
end  of  the  wreath  is  measured  in.  The  deal  balusters,  as  also  the  iron  ones  and  the  iron 
columns  to  curtail,  housangs  to  steps  and  risers,  common  cut  brackets,  square  and  circular 
on  the  plan,  together  with  the  preparing  and  fixing,  are  valued  all  by  the  piece.  Extra 
sinking  in  the  rail  for  iron  balusters  is  valued  by  the  foot  run,  the  price  depending  on  the 
rail  as  being  straight,  circular,  wreathed,  or  ramped.  The  string  board  is  measured  by 
the  foot  super.,  and  its  value  is  greater  or  less  as  it  is  moulded,  straight,  or  wreathed,  or 
according  to  the  method  in  which  the  wreathed  string  is  constructed  by  being  properly 
backed  upon  a  cylinder. 

2358.  Hie  shafts  of  columns  are  measured  by  the  foot  super.,  their  value  depending 
upon  the  diameter,  or  whether  it  be  straight  or  curved  on  the  side,  and  upon  its  being 
properly  glued  and  blocked.  If  the  columns  be  fluted,  the  flutes  are  taken  in  linear  measure, 
the  price  depending  on  the  size  of  the  flutes,  whose  headings  at  top  and  bottom  are 
charged  by  the  piece.  Pilasters,  straight  or  curved  in  the  height,  are  similarly  measured, 
and  the  price  taken  by  the  foot  super.  In  the  caps  and  bases  of  pilasters,  besides  the 
mouldings,  the  mitres  are  charged  so  much  each,  according  to  the  size. 
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2359.  Mouldings,  aa  in  double-lkce  architnves,  base  and  furbase,  or  straigfat  ones  struck 
by  the  hand,  are  valued  by  the  foot  super.  Base,  surbaae,  and  straight  mouldings  wrought 
by  hand,  are  generally  fixed  at  the  same  rate  per  foot,  being  something  more  than  double- 
faced  architraves.  When  the  head  of  an  architrave  stands  in  a  circular  wall,  its  value  is 
four  times  that  of  the  perpendicular  parts,  as  well  on  account  of  the  extra  time  required  to 
fit  it  to  the  circular  plan  as  of  the  greater  difficulty  in  forming  the  mitres.  So  all  hori- 
zontal moul<tings  on  a  circular  plaii  are  three  or  four  times  the  value  of  those  on  a  straight 
plan,  the  trouble  beinff  increased  as  the  radius  of  the  circle  upon  which  they  are  formed 
diminishes.  The  housings  of  mouldings  are  valued  by  the  piece.  The  value  of  mouldings 
much  depends  on  the  number  of  their  quirks,  for  each  whereof  the  price  increases.  It  will 
also,  of  course,  depend  on  the  materials  of  which  they  are  formed,  on  their  running  figure, 
and  whether  raking  or  curved. 

2360.  Among  the  articles  which  are  to  be  measured  by  the  lineal  foot  are  beads,  fillets, 
bead  or  ogee  capping,  square  angle  staffs,  inch  ogees,  inch  quirk  ogee,  ovolo  and  bead, 
astragals  and  reeds,  on  doors  or  shutters,  small  reeds,  each  in  reeded  mouldings,  struck  by 
hand  up  to  half  an  inch,  single  cornice  or  architrave,  grooved  space  to  let  in  reeds  and 
grooves.  And  it  must  be  observed,  that  in  grooving,  stops  are  paid  extra ;  if  wrought  by 
hand,  still  more ;  and  yet  more  if  circular.  Besides  the  foregoing,  narrow  grounds  to 
skirting,  the  same  rebated  or  framed  to  chimm^ys,  are  measured  by  the  foot  run.  Rule 
joints,  cantilevers,  trusses,  and  cut  brackets  for  shelves  are  charged  by  the  piece. 

2361.  Water  trunks  are  valued  according  to  their  size  by  the  foot  run,  their  hopper 
heads  and  shoes  being  valued  by  the  piece.  Moulded  weather- caps  and  joints  by  the  piece. 
Scaffolding,  where  extra,  must  be  allowed  for.  Flooring  boards  are  prepared  according  to 
their  length,  not  so  much  each ;  the  standard  width  is  9  inches ;  if  they  are  wider,  the  rate 
is  increased,  each  board  listing  at  so  much  per  list  Battens  are  prepared  in  the  same 
way,  but  at  a  different  rate. 

2362.  The  following  memoranda  are  useful  in  estimating :  — 

I  hundred  (120)  1 2-feet-3-inch  deals,  9  inches  wide  (each  deal  containing,  therefore, 

2  feet  3  inches  cube),  equal  5f  loads  of  timber. 
1  hundred  (1 20)  1 2-feet-2^inch  deals,  9  inches  wide  (each  deal  containing,  therefore, 

1  foot  10  inches  cube),  equal  4i  loads  of  timber. 
1  hundred  (120)  12-feet-l^inch  aeals  equal  I  reduced  hundred. 
1  load  of  1  (-inch  plank,  or  deals,  is  400  feet  superficiaL 

I  load  of  2-inch  plank,  or  deals,  is  300  feet  superficial. 

And  so  on  in  proportion. 
24  loads  of  10-feet  boards,  at  a  5-inch  guage,  will  finish  one  square. 
20  loads  of  10-feet  boards,  at  a  6-inch  guage,  will  finish  one  square. 
17  loads  of  10-feet  boards,  at  a  7-inch  guage,  will  finish  one  square. 

15  loads  of  10-feet  boards,  at  an  8  inch  guage,  will  finish  one  square. 

1 3  loads  of  10-feet  boards,  and  2  ft.  6  in.  super., at  a  9-inch  guage,  will  finish  one  square. 
1 2  loads  of  1 0-feet  boards,  and  2  ft  6  in.  super. ,  at  a  1 0-inch  guage,  will  finish  one  square. 
20  loads  of  1 2-feet  boards,  at  a  5-inch  guage,  will  finish  one  square. 

16  loads  of  1 2-feet  boards,  at  a  6-inch  guage,  will  finish  one  square. 

14  loads  of  1 2-feet  boards,  at  a  7-inch  guage,  will  finish  one  square. 

12  loads  of  1 2-feet  boards,  and  4  feet  super.,  at  an  8-inch  guage,  will  finish  one  square. 

II  loads  of  1 2-feet  boards,  and  I  foot  super.,  at  a  9-inch  guage,  will  finish  one  square. 
10  loads  of  1 2-feet  boards,  and  1  foot  super.,  at  a  10-inch  guage,  will  finish  one  square. 
Battens  are  6  inches  wide. 

Deals  are  9  inches  wide. 

Planks  are  1 1  inches  wide. 

Feather-edged  deals  are  equal  to  J-inch  yellow  deals ;  if  white,  equal  to  slit  deal- 

A  reduced  deal  is  1}  inch  thick,  11  inches  wide,  and  12  feet  long. 

2363.  It  may  here  be  useful  to  advert  to  the  mode  of  reducing  deals  to  the  standard  oi 
what  is  called  a  reduced  deal,  which  evidently  contains  1  ft.  4  in.  6  parts  cube,  for  12  ft 

X  11  in.  x.llin.  n  1  :  4:  46,  or  in  decimals,  12ft.  x  '91666  ft.  x  '125ft  -»  1-375  cube 
ft.  nearly.  *  Hence  the  divisor  1  '375  will  serve  as  a  constant  for  reducing  deals  of  different 
lengths  and  thicknesses.  Thus  let  it  be  required  to  find  how  many  reduced  deals  there  are 
in  one  14  feet  long,  10  inches  wide,  and  2(  inches  thick.     Here  1 4  ft  x  *8333  ft  (or  10  in.) 

X  -20833  {[or  2}  in.) -2-43048  cube  feet,  and  ^^^»1  '767  reduced  deaL 

2.364.  The  table  which  is  now  subjoined  exhibits  the  prices  of  deals  and  parts  thereof 
calculated  from  302.  to  9521  per  hundred,  a  range  of  value  out  of  which  it  can  rarely  happen 
that  examples  will  occur,  though  it  has  fidlen  within  our  own  experience  during  the  late  war 
to  see  the  price  of  deals  at  a  very  extraordinary  height  This,  however,  is  not  likely  to 
happen  again. 
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S365.  The  above  table  we  cannot  suppose  will  require  explanation ;  but  as  we  wish  to  be 

Suite  explicit,  we  will  merely  take  one  example  for  illustrating  its  use,  premising,  that  if 
eals  are  at  a  price  between,  above,  or  below  that  stated  in  the  first  column,  the  rules  of  arith- 
metic must  be  applied  for  the  intermediate  prices.  Suppose  deals,  then,  to  be  at  45L  per 
hundred ;  an  inspection  of  the  table  shows  that  the  value  of  1 4- inch  deal  is  StL  per  fix»t 
super.,  or  6d.  run;  that  a  12-foot  deal  2  inches  thick  is  worth  6s.  8|<2. ;  and  that  a  foot 
run  of  3-inch  deal  1  ]  inches  wide,  which  is  the  standard  width,  is  worth  9«.  8^  The  pre- 
cecUng  table,  which  is  applicable  purely  to  joinery,  is  all  that  can  be  given  in  general  terms 
as  to  the  prices  of  work  ;  for  that  which  follows  we  are  again  indebted,  partly  to  Mr.  Peter 
Nicholson,  and  partly  to  our  own  industry.  The  information  is  not  all  that  could  be  de- 
sired on  the  subject,  nor,  as  we  have  before  said,  can  constants  of  labour  be  easily  obtained 
for  every  article  in  a  building ;  but,  as  far  as  they  go,  they  must  be  considered  valuable, 
though  they  seem  not  to  have  met  with  the  reception  they  deserved.  The  value  of  the 
labour  is  given  as  before,  in  parts  and  decimal  parts  of  a  man's  labour  in  each  description 
of  work  per  diem,  so  that  the  fiictor  to  be  applied  to  each  is  the  rate  per  diem  at  whi<^ 
the  journeyman  is  engaged.  The  first  table  subjoined  is  one  for  doors,  and  in  the  first 
article  of  it,  by  way  of  application,  suppose  the  wages  of  the  joiner  be  St.  6tL  per  diem,  that 
f^S'S  shillings  will  be  the  fiustor,  and  the  price,  therefore,  of  the  labour  on  a  1^-inch  door, 
both  sides  square,  will  be  5*5  x  *06»*3SO  shillings,  or  nearly  4<£.  per  foot,  without  fitting 
and  hanging.  If  to  this  be  added  the  price  of  the  quantity  of  deal  used  in  it,  from  the 
foregoing  table,  we  shall  arrive  at  a  result  not  fiur  finom  its  value.  We  proceed,  then,  in 
giving  the  constants  of  doors  according  to  their  most  common  descriptions. 

Doors,  1 )  Inch  thick. 

2-panel,  both  sides  square  .....  per  foot  super.  '06 

4-panel,  both  sides  square  .....  07 

6-paneI,  both  aides  square  .....  .^S 

2-panel,  quirk  ovolo  and  bead,  and  square  back    ...  •! 

4-panel,  quirk  ovolo  and  bead,  and  square  back    ...  •[  i 

6-panel,  quirk  ovolo  and  bead,  and  square  back    ...  •]  2 

2-panel,  bead  and  flush  front,  and  square  back      -  .  .  .j 

4-panel,  bead  and  flush  firont,  and  square  back      ...  .]  ] 

6-paneI,  bead  and  flush  front,  and  square  back     ...  .12 

2.panel,  bead  and  butt  front,  and  square  back       ...  ^9 

4-pane],  bead  and  butt  front,  and  square  back       ...  .\ 

6-panel,  bead  and  butt  front,  and  square  back       ...  .j  j 

2-panel,  quirk  ovolo  and  bead  on  both  sides  ...  .14 

4-panel,  quirk  ovolo  and  bead  on  both  sides  ...  .15 

6-panel,  quirk  ovolo  and  bead  on  both  sides  ...  »\^ 

2-panel,  bead  and  butt  on  both  sides         ....  •]  2 

4-panel,  bead  and  butt  on  both  ends         ....  •is 

6-panel,  bead  and  butt  on  both  ends         ....  .]4 

2-panel,  bead  and  flush  on  both  sides        -  .  .  .  'i  4 

4-panel,  bead  and  flush  on  both  sides       ....  -15 

6-panel,  bead  and  flush  on  both  sides        ....  .]  g 

2366.  In  applying  the  above  table  to  other  thicknesses,  for  every  additional  thickness  of 
one  quarter  of  an  inch  the  rate  per  foot  super,  must  be  increased  "005. 

2367.  When  the  panels  are  raised  on  one  side,  "002  must  be  added,  and  double  that 
(*004)  when  raised  on  both  sides.  If  an  astragal  or  ovolo  is  on  one  of  the  rising  sides, 
-003  must  be  added,  and  double  that  (*006)  if  such  occur  on  both  sides.  Generally,  if  the 
number  of  panels  be  given,  and  the  price  per  foot  square  on  one  side,  with  extra  work  on 
the  other  side,  its  price  is  one  of  the  same  numb^  of  panels,  and  the  same  number  of 
panels  on  both  sides  minus  the  rate  of  the  first  from  that  of  the  last  But  adding  the 
difference  of  the  second,  we  have  the  rate  extra  on  both  sides.  Thus  the  rate  is  *a6  for 
1  ^inch  two-panel  door,  square  on  both  sides,  and  for  a  two-panel  door,  square  on  one  side, 
with  quirk  ovolo  and  bead  upon  the  other,  it  is  *1 .  The  difference  is  *04,  which  added  to 
•1  ss'i5  for  the  rate  of  l)-inch  two-panel  door,  with  ovolo  and  bead  on  both  sides. 

2368.  We  now  turn  to  another  of  the  items  to  be  considered  in  measuring  and 
estimating  works,  that  of  linings,  wherein  the  difference  of  labour  between  square-framed 
door  linings,  backs,  elbows,  sofites,  or  wainscotings,  and  door  square  on  both  sides,  where 
the  panels  and  thicknesses  are  alike,  arises  only  from  planing  the  panels  and  the  framing  on 
the  other  side  of  the  door.  If  the  difference,  therefore,  per  foot,  on  the  rate  of  a  door  square 
on  both  sides,  and  one  square  on  one  side,  with  any  extra  work  on  the  other  side,  be  added 
to  the  rate  of  door-linings,  backs,  elbows,  sofites,  or  wainscoting  framed  square,  we  shall 
have  the  rate  per  foot  for  door-linings,  window-linings,  or  wainscoting,  taking  the  extra 
work  as  above  considered.     The  raiU  and  stiles  are  t^en  in  the  rates  as  not  rebated,  and 
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the  firamed  linings  for  walk  or  apertures  are  supposed  as  made  of  stuff  one  quarter  of  an 
inch  thinner  than  the  doors.  Linings  are  uusually  about  an  inch  thick,  being  stiffened  by 
fixing  to  the  wall ;  but  this  depends  on  the  distance  of  the  panel's  recess  from  the  framing, 
and  on  the  depth  of  the  moulding  employed. 

Feamkd  Inch  Likiwos. 

1  -panel,  square  as  in  backs         .....  per  fix>t  super.  *051 
3>panel,  square  as  in  backs,  and  elbows  measured  together  -  '071 

4-panel,  square  as  in  backs,  and  elbows  and  sofites  .  -  *061 

S-panel,  moulded  as  in  backs,  and  elbows  together  -  .  087 

4-panel  ditto  and  sofites  measured  together        -  *077 

3-pane],  quirk  moulded -as  in  backs,   and     elbows    measured 

togeUier         -..----  -095 

4-panel,   quirk    moulded    as   in   backs,  and   sofites   measured 

together         --.-...  •085 

Semicircular  moulded  sofites  in  two  panels  seven  times  the  straight     For  each  addi. 
tional  quarter  of  an  inch  add  "005  to  the  foot  super. 

N.  B.  In  th^  above  table  the  backs,  elbows,  and  sofites,  though  numbered  as  of 
S  and  4  panels,  are  only  of  one  panel  each,  the  number  being  collected. 

Inch  and  a  quarter  Door- Likings,  onx  Panel  high. 

Rebated  .......  per  foot  super.  "051 

Rebated  and  beaded       ......  -058 

Double  rebated,  not  exceeding  7  inches  wide      ...  067 

Double  rebated,  not  exceeding  7  inches  wide,  and  one  edse  beaded  071 

Double  rebated,  not  exceeding  7  inches  wide,  and  both  edges  beaded  075 

If  the  plan  be  circular,  the  price  increases  as  the  diameter  diminishes. 
Semicircular  heads  straight  on  the  plan  are  worth  five  times  as  much  as  straight. 

Shutters,  two  panels  in  height,  either  shutters  or  flaps,  inch  framed,  uncut.     If  mould- 
ings are  described,  they  are  considered  as  to  be  laid  in,  but  if  stuck  on  the  framing, 
add  *012  to  the  rate.      Add  016  to  the  rate  for  every  extra  panel,  and  012  for  any 
extra  height,  and  O08  if  they  are  quirk  moulded. 
Square  .......  per  foot  super.   071 

Bead  butt  and  square     ------  •! 

Bead  flush  and  square    ..----  'Ill 

Bead  flush  and  bead  butt  -  .  .  -  .  131 

Two  panels  in  height,  inch  and  quarter,  uncut,  adding  for  extras,  as  in  the  heading  above. 
Moulded  and  square       -  -  -  -  -  -  per  foot  super.  -1 

Moulded  bead  butt         -.----  -Ill 

Moulded  bead  and  flush  -  -  -  -  -  "135 

Moulded  on  both  sides  ------  '111 

Ovolo  and  bead,  or  quirk  ogee  front,  and  square  back     -  -  '103 

Ovolo  and  bead,  or  quirk  ogee  front,  with  bead  and  butt  back  -  '  1 23 

Wainscoting,  l^inch,  two  panels  high,  with  square  fascia,  framed  up  to  ceiling. 

Square  .......  per  foot  super.  039 

Moulded            .......  055 

Quirk  moulded               -.--.-  063 

Bead  and  butt  .--.---  051 

Bead  and  flush  .-.----  059 

Bead  and  flush,  with  three  reeds                          .'           .            .  075 

Should  either  of  these  be  framed  with  raised  mouldings,  add  008  to  the  rate,  or 
fivmed  with  more,  O06  is  to  be  added  for  each  additional  panel  in  height 

Wainscoting,  l{.inch  dwarf;  one  panel  high,  including  square  skirting. 

Square  -  -  -  -  -  -  -P*'  ^o^*  super.  047 

Moulded  -..----  063 

Quirk  moulded  ....--  071 

Bead  and  butt "059 

Bead  and  flush  --.-----  067 

Bead  and  flush,  with  three  reeds  ...  083 

If  dwurf  wainscoting  be  framed  with  two  panels  in  height,  add  016  to  the  rate,  as  in 
fiiU  wainscoting.  When  raked  to  stwrs,  023  extra,  and  when  with  raised  mould- 
ings, 007.  All  cappipgs  are  measured  run,  and  the  skirtings  of  stairs  must  be 
taken  separately  from  their  ws^nscoting. 
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Thksk-quartxe-inch  or  Sut  Dbal,  from  the  bench. 

Edges  shot        -  -  -  -  -  -  -  per  foot  super.  ^004 

Wrought  on  one  side     ------  *01fi 

Wrought  on  one  side,  groored,  tongued,  and  heeded       -             -  "OSS 

Wrought  on  two  sides,  and  edoes  shot    -            -            -            -  '0S8 

Wrought  on  two  sides,  groovea,  tongued,  and  beaded     -            -  "04 
When  joints  glued,  add  per  foot  "004. 

Ikch  and  QUAETsa  Dial. 

Wrought  on  one  side,  and  edges  shot    -  -  -  •  per  foot  super.  09 

Wrought  on  both  sides,  and  edges  shot  -            -            -            -  OSS 

Wrought  on  one  side,  and  plouched  and  tongued            -            -  'OS6 

Wrought  on  two  sides,  ploughed,  tongued,  and  beaded   -            -  "OSS 
With  glued  joints,  add  -004  to  the  rate. 

Inch  akd  half  Dial. 

Edges  shot         -  -  -  -  -  -  -per  foot  super.  "008 

Ploughed  and  tongued  -----%  OS4 

Wrought  on  one  side,  with  edges  shot  -            -            -            *  OS 

Wrought  on  both  sides,  with  edges  shot              ...  «036 

Wrought  on  both  sides,  ploughed  and  tongued  -            -             -  OSS 
With  glued  joints,  add  Ol  2  to  the  rate. 

Two»iircH  Deal,  from  the  bench. 

Edges  shot        -  -  -  -  •  -  -per  foot  super.  OS 

Ploughed  and  tongued               -----  "          OS6 

Wrought  on  one  side     ------  028 

Wrought  on  both  sides              -            -             ,            -            -  044 

Wrought  on  both  sides,  ploughed  and  tongued  -            -            -  056 
With  glued  joints,  add  016  to  the  rate. 

Two-am D-HALF-iMCH  Dical,  from  the  bench. 

Edges  shot        -  .  ....  per  foot  super.  OSS 

Ploughed  and  tongued  ------  048 

Wrought  on  one  side     ------  048 

Wrought  on  both  sides               -  *          -             -             -             -  063 

Wrought  on  both  sides,  ploughed  and  tongued                -            -  083 
With  glued  joints,  add  016  to  the  rate. 

Tmebk-incr  Dsal. 

Edges  shot        ..--.--  per  foot  super.  09S 

Ploughed  and  tongued               -            ...            -  •056 

Wrought  on  one  side     ------  056 

Wrought  on  both  sides               .             .             -             -             .  -08 

Wrought  on  both  sides,  ploughed  and  tongued               -            -  *103 
With  glued  joints,  add  OI 6  to  the  rate. 

Inch  Boaedimo,  one  side  planed. 

Ploughed  and  tongued  ------  per  foot  super.  '24 

Glued  joint       -------  OS 

Clamped            .-.----  -056 

Mortice  clamped            ------  06S 

Laid  with  straight  joint  in  floors            -             -             -             -  «02 

Keyed  dado      -             -             -             .             ...  -044 

Keyed  in  backs  and  elbows        .             -             -             .             -  •056 

Wrought  on  both  sides,  ploughed  and  tongued               -            -  036 

Wrought  on  both  sides,  glued  joint        .            -            -             -  <o4 

Groove-clamped  flaps  to  shutters,  in  one  height               -             -  053 

Clamped  flaps  to  shutters,  in  two  heights            -             -             -  071 

Inch  mortice,  clamped,  outside  shutters               .             -             .  ^)63 

Ledged  doors,  with  plain  joint                .             -             .             -  •044 

Ledgcd  doors,  ploughed,  tongued,  and  beaded                -            -  056 

Preparing  Flooring  Boaedb,  guaged  to  a  width,  and  rebated  to  a  thickness  not  more 
than  9  inches  wide. 

Inch  deals,  10  feet  long  -  -  -  -  -  for  each  board  OSS 

Inch  deals,  12  feet  long             •             -            -            -            .  -oys 
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Inch  deals,  14  feet  long              -            -            -            -            -  for  each  board  *087 

Inch  and  quarter  deals,  10  feet  long       -             .             .             -  -071 

Inch  and  quarter  deals,  I S  feet  long       ....  oss 

Inch  and  quarter  deals,  14  feet  long       ....  "         •! 

Inch  and  quarter  battens,  10  feet  long    ....  •044 

Inch  and  quarter  battens,  12  feet  long    ....  -056 

Inch  and  quarter  battens^  14  feet  long    ....  -oris 

Mouldings,  from  the  bench. 

DouUe-feoed  architraves  .....  per  foot  super.   '1 1 1 

Base  and  surbose           ......  •!  27 

When  above  4  inches  girt,  struck  by  hand          ...  •]  27 
In  a  combination  of  mouldings,  with  more  than  two  quirks,  add  Ol  6  for  each. 

Ikch  and  Inch  ako  quaetsr  framed  Grounds  to  Doors,  from  the  bench. 

Both  edges  square          ......  per  foot  run     *028 

One  edge  square^,  and  the  other  rebated  and  beaded        -            -  032 

Rebated  on  one  edge,  and  beaded  on  both  edges              >            .  .036 
Framed  to  a  circular  plan  with  flat  sweeps,  the  head  to  be  thrice  the  rate  of  straight, 
but  the  smaller  the  sweep  the  greater  ihe  rate. 

Running  Articles. 

Beads  and  fillets            ..•.-.  per  foot  run     "004 

Bead  or  ogee  capping   -..-..  •oie 

Inch  ogee          .......  -016 

Inch  quirked  ogee,  or  ovolo  and  bead    -     .       .             -             .  -023 

Square  angle  staff,  rebated         .....  028 

Angle  staff,  rebated  and  beaded              ....  -048 

Single  cornice  or  architrave       .....  •O^S 

Small  reeds  in  reeded  mouldings,  stuck  by  hand  to  4  ah  inch       >  -OOt 

Reeds  above  \  an  inch,  stuck  by  hand,  including  grooved  space       -  -OOS 

Grooves  in  ornamental  work      .....  KXH 

Narrow  ground  to  skirting         -             -             -             -             *  -Oil 

Narrow  ground  to  skirting,  rebated  or  grooved                -             .  Ol  6 

Narrow  ground,  framed  to  chimneys      ....  •032 

Double- beaded  chair  rail            .....  •028 

Plugging  is  included  in  the  above  rates.     Such  of  the  articles  as  are  circular  on 

plan,  to  be  double  rate. 

Legs,  rails,  and  runners  to  dressers         -            ...            .  per  foot  run     055 

Rule  joints  to  shutters                .....  •063 

Stairs,  inch  and  quarter  nailed  steps,  with  carriages. 

Flyers       ..-.---  per  foot  super,  fixed  ■08 

Winders                 ......  -Ill 

Flyers,  moulded  and  glued,  with  close  string  board            .  '103 

Winders,  moulded  and  glued,  with  close  string  board         .  '135 

Moulded  planceer  under  steps       ....  -04 

Houungs  to  flyers             .....  each  *1 27 

Housings  to  winders         .....  •2 

Common  cut  brackets  to  flyers      •            •            .            .  ^HS 

Common  cut  brackets  to  winders                ...  -286 
Fancy  brackets  to  be  paid  for  extra,  according  to  their  value 

Handrail,  2  inches  deep  and  2j  inches  broad. 

Deal,  moulded  .....  .  per  foot  run  fixed    *11I 

Deal,  moulded  and  ramped                ....  •495 

Deal,  moulded,  level,  circular            ....  •413 

Deal,  moulded,  wreathed      .....  I'Q 

Mahogany,  moulded,  straight            ....  •263 

Mahogany,  moulded,  ramped             ....  •831 

Mahogany,  moulded,  ramped,  swan-necked  ...  •927 

Mahogany,  moulded,  level,  circular                ...  1  •OS 

Mahogany,  moulded,  wreathed,  from  1 2  in.  and  above           -  I  -6 

Mahogany,  moulded,  wreathed,  under  1 2  in.              -            -  1  '8 

Mahogany,  moulded,  wreathed,  not  less  than  12  in.  opening  -  2*3 

Mahogany,  moulded,  wreathed,  under  12  in.  opening             -  3*4 
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Handrail. 

Extra  sinking  to  rail,  for  iron  balusters         ...  per  foot  run  fixed  082 

Extra  sinking  to  rail,  in  ramp  or  wreath       ...  •! 

Mahogany  moulded  cap,  wrought  by  hand,  each        -            -  *495 

Mahogany  moulded  cap,  turned  and  mitred,  each      -            -  -4 

Mahogany  scroll,  each          .....  I  •S 

Making  and  fixing  each  joint  with  joint  screw            .            .  •231 

Making  model  and  fixing  iron  balusters         ...  8'095 

Making  model  and  fixing  iron  colunms  to  curtail,  each          -  2*1 4S 

Preparing  and  fixing  deal  bar  balusters,  each            -             -  04 

Preparing  and  fixing  deal  bar  balusters,  dovetailed  to  steps    -  -056 
Every  half  rail  is  measured  two-thirds  of  a  whole  one ;    and  all  nuls  are  measured 

3  inches  beyond  the  springing  of  every  wreath  or  circular  part. 
All  cylinders  used  in  rails,  glued  up  in  thicknesses,  to  be  paid  for  extra. 

The  fiillowing  have  not  been  before  computed :  — 
French  Casbmbnt  Frames. 

Plain  solid  frames,  oak  sunk  sills,  weathered  and  throated  fi^r 

1 J  inch  French  casements,  quarters  not  exceeding  4  by  3  -  per  foot  super,  fixed  043 

Ditto,  for  3-inch  French  casements,  quarters  4  by  4             -  -057 
Deal-cased  frames,  oak  sunk  sills,  with  wainscot  stiles  and 

beads,  for  2-inch  French  casements            ...  086 

Circular  head,  measured  square        ....  •258 

Circular  circular  head,  curve  \  inch  to  a  foot            -            -  *727 

If  with  mahogany  stiles  and  beads,  add  on  the  wainscot       -  -OSl 
If  any  of  the  above  are  for  2)-inch  sashes  or  casements,  add 

on  the  deal           -             -             ...             .             .  -OH 

If  any  on  the  wainscot        .....  021 

If  any  on  the  mahogany      .....  028 

Extra  grooves  or  beads,  add             ....      per  foot  run  014 
Circular  on  plan,  flat  sweep,  once  and  a  half  the  straight 
Quirk  on  plan,  double. 

Sashes  and  Frames,  fitted  and  hung. 

Deal  cased  fkames,  oak  sunk  sills,  l^ineh  ovolo  sashes,  single 

hung  brass  pulleys,  best  white  lines,  and  iron  weights  -  per  foot  super.  066 

Ditto,  double  hung        ......  -lOO 

Ditto,  double  hung,  circular  head,  measured  square       -            •  *257 

Ditto,  circular  on  plan,  flat  sweep          -             -             -             -  *14S 

Deal  cased  frames,  oak  sunk  sills,  2-inch  ovolo  sashes,  single  hung, 

brass  pulleys,  best  white  lines,  and  iron  weights           .             .  'loO 

Ditto,  double  hung        ......  -Jo? 

Ditto,  double  hung,  circular  head,  measured  square        -            -  *272 

Ditto,  double  hung,  circular  on  plan,  flat  sweep              -             -  *157 

Circular  circular  head,  \  inch  to  the  foot             ...  -770 
Deal   cased  frames,  oak  sunk  sails,  wainscot  pulley  pieces  and 
beads,  11-inch  wainscot  astri^al  sashes,  brass  axle  puUeys,  single 

hung  With  patent  lines            -             -             -             -             -  *121 

Ditto,  double  hung        ......  -MS 

Deal  cased  frames,  oak  sunk  sills,  watnscoat  pulley  pieces  and 
beads,  11-inch  wainscot  astragal  sashes,  brass  axle  pulleys  with 

patent  Imes,  circular  on  plan,  flat  sweep          -            -            -  *172 

Circular  circular  head,  \  inch  to  the  foot            ...  *S66 
Deal  cased  frames,  oak  sunk  sills,  wainscot  pulley  pieces  and 
beads,  2-inch  wainscot  astragal  sashes,  brass  axle  pulleys,  double 

hung  with  patent  Unes            .....  ^hs 

Ditto,  circular  head,  measured  square    .            .            -            .  *342 

Ditto,  circular  on  plan,  flat  sweep           .        -     .             .             -  •21 4 

Circular  circular  head,  \  inch  to  the  foot        -     -             -             -  *909 

Deal  cased  frames,  oak  sunk  sills,  mahogany  pulley  pieces  and 
beads,  l)-inch  Spanish  mahogany  astragal  sashes,  brass  pulleys 

and  patent  lines,  single  hung               -             -             -             •  '157 

Ditto,  double  hung        ......  -ni 

Ditto,  circular  head,  measured  square    ...»  •371 

Ditto,  circular  on  plan,  flat  sweep           ....  •257 

Circular  circular  head,  j  inch  to  the  foot             ...  -qs 
Deal  cased  frames,  oak  sunk  sills,  mahogany  pulley  pieces  and 
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beads,  2-inch  Spanish  mahogany  astragal  sashes,  brass  pulleys 

and  patent  lines  ......  per  foot  super.   '178 

Ditto^  circular  head,  measured  square    ....  ^399 

Ditto,  circular  on  plan,  flat  sweep  ....  •5272 

Deal  cased  frames,  oak  sunk  sills,  mahogany  pulley  pieces  and 
beads,  Scinch  Spanish  mahogany  astn^pal  sashes,  brass  axle 

pulleys  and  patent  lines  .....  >243 

Ditto,  circular  on  plan,  flat  sweep  ....  •315 

Circular  circular  head  \  inch  to  the  foot  .  .  .      *  1  *123 

If  Honduras  mahogany,  deduct  from  the  straight  .  .  -029 

If  Honduras  mahogany,  deduct  from  the  circtdar  .  -  KHS 

If  lamb's  tongue,  or  other  modern  modelled  bar,  add  on  the 

astragal  .......  014 

Venetian  and  Palladian  Sashes  and  Frames,  fitted  and  hung. 

VeneUan  deal  cased  frames,  oak  sunk  sills,  1^  inch  ovolo  sashes, 

brass  pulley s,  double  hung  with  best  flax  line  and  iron  weights,  per  foot  super.   *1 1 1 

Ditto,  with  2.inch  sashes  .....  •]  29 

DittO)  circular  on  plan,  flat  sweep  ....  '172 

Palladian  head,  measured  square  ....  •286 

Circular  Palladian  head,  measured  square  ...  -see 

Venetian  deal  cased  frames,  wainscot  pulley  pieces  and  beads, 

IJ-inch  wainscot  astragal  sashes,  brass  pulleys  and  patent  lines, 

double  hung  ......  •157 

Ditto,  with  2-inch  sashes  .  >  .  -  .  *172 

*  Ditto,  circular  on  plan,  flat  sweep  ....  '200 

Ditto,  Palladian  head,  measured  square  ...  •342 

Circular  Palladian  head,  measured  square  ...  •952 

If  any  of  the  above  are  in  2)-inch  wainscot,  add  on  the  2-inch 

straight  .......  014 

Ditto,  on  the  circular     ......  028 

Ditto,  on  the  circular  circular  ....  •043 

If  in  Spanish  mahogany,  add  on  similar  article  in  straight  wainscot  043 

Ditto,  on  the  circular     ......  '114 

If  lamb's  tongue,  add  on  the  astragal      ....  •oo7 

When  any  of  the  above  sashes  are  with  a  bevelled  bar  up  to  the 

rebate,  add  on  the  astragal      .....  OM 

Febnch  Casements,  fitted  and  hung. 

l|.lnch  deal  ovolo  ......  per  foot  super.   *057 

2-inch  deal  ovolo  ......  •054 

2{-inch  deal  ovolo  ......  ^y?! 

]{-inch  wainscot  ......  ^y/s 

2-inch  wainscot  ......  •ogg 

24-inch  wainscot  ......  'loo 

l|-inch  Honduras  mahogany      .....  •oSS 

2-inch  Honduras  mahogany       .....  'loo 

24*inch  Honduras  mahogany      .  .  .  .  -  MM 

ij-inch  Spanish  mahogany  .....  'loo 

2- inch  Spanish  mahogany  .....  •114 

2^iDch  Spanish  mahogany  .....  •]  29 

If  with  margin  lights,  add  on  the  deal    ....  -01 8 

If  with  margin  lights,  add  on  the  wainscot         ...  029 

If  with  margin  lights,  add  on  the  mahogany       ...  <036 

If  in  two  heights,  add  ...  -021 

If  in  two  heights  add,  on  the  wainscot   ....  -029 

If  in  two  heights,  add  on  the  mahogany  -  -  KHS 

Circular  on  the  plan,  flat  sweep,  once  and  a  half  the  straight,  and 

exceeding  )  inch  to  the  foot,  double. 

If  astragal  and  hollow  lamb's  tongue,  or  other  modem  bar,  add  -  Ol  4 
If  with  bevelled  bars  up  to  the  rebate,  add  on  the  astragal  and 

hollow  .......  -007 

Extra  rebated  edges,  grooves,  or  beads,  in  deal  ...     per  foot  run     Ol  4 

Extra  rebated  edges,  grooves,  or  beads,  in  wainscot         .  -  •021 

Extra  rebated  edges,  grooves,  or  beads,  in  mahogany      -  .  028 

Sktughts,  fixed. 

1  i'inch  deal  ovolo  ......  per  foot  super.  043 
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2-inch  deal  ovolo  .••-..  per  foot  super.  050 

2-inch  oak  ovolo  ......  •071 

If  astragal  and  ovolo,  add  .....  -oo? 

Dai>o. 

}-inch  deal,  keyed  ......  per  foot  super.   -043 

1-inch  deal  keyed  ......  050 

Raking  and  scribed  to  steps,  add  ....  «oi  2 

If  ploughed  and  tongued,  add    .....  -OO? 

If  feather •tongued,  add  -  -  -  -  -  -018 

Circular  on  plan,  flat  sweep       .....  •143 

Circular  on  plan,  quirk  sweep    .....  •229 

If  1^-inch  deal,  add  on  the  straight         ....  <x)7 

If  ij-inch  deal,  add  on  the  circular         -  •  .  •  •014 

Narrow  dado  grounds  .....  -o]  g 

Narrow  dado  grounds,  circular  flat  sweep  ...  043 

2369.  We  have  now  enumerated  the  principal  articles  of  joinery  in  use.  If  further  in- 
formation be  sought,  and  the  reader  have  not  the  means  of  tracing  the  value  in  the  way 
by  which  the  constants  already  given  have  been  obtained,  he  may  refer  to  some  of  the 
price  books,  whereof  we  consider  Skyring*s  to  be  as  well  digested  as  any  of  thooe  that  are 
annually  published. 

2370.  Slatkk.  •  The  work  of  the  slater  is  measured  and  estimated  by  the  square  of  100 
feet  superflciaL  Of  the  different  sorts  of  slate,  and  bow  much  a  given  quantity  of  each 
will  cover,  we  have  already  spoken  in  Chap.  II.  Sect.  IX.  (1798,  et  seg.)  To  measure 
slating,  in  addition  to  the  nett  measure  of  the  work,  6  inches  are  allowed  for  all  the  eaves, 
and  4  inches  by  their  length  for  hips ;  such  allowance  being  made  in  the  first-named  case 
because  the  slates  are  there  double,  and  in  the  latter  case  for  the  waste  in  cutting  away  the 
sides  of  the  slates  to  fit.  When  rags  or  imperial  slates  are  used  an  additional  allowance  of 
9  inches  is  made  for  the  eaves,  because  those  slates  run  larger  than  the  other  sorts. 

2371.  Masom.  Solid  works,  such  as  pilasters,  cornices,  copinff,  stringings,  and  other  solid 
works,  should  be  first  measured  to  ascertain  the  cubic  quantity  of  stone  they  contain  as 
going  from  the  banker  to  the  building ;  and  on  this,  work,  as  it  may  happen  to  be  the 
plain  work,  sunk  work,  moulded  or  circular  work,  must  be  measured  in  superficial  feet 
and  separately  valued.  It  is  usual  to  allow  a  plain  face  to  each  joint,  but  no  more  than 
one  should  be  taken  to  a  3-feet  length.  In  staircases  the  flyers  should  be  taken  where 
splayed  on  the  back,  their  full  length  and  width  by  tliree  fifths  of  the  depth  of  the  riser,  to 
allow  for  waste  in  getting  two  of  the  steps  from  the  same  block  of  stone.  Hie  measure- 
ment for  the  winders  seems  to  be  most  properly  conducted  by  ascertaining  the  nett  cubic 
contents  of  them,  and  then  making  the  allowance  for  waste.  Indeed  this  is  a  mwe  proper 
and  satisfactory  mode  for  the  flyers.  The  top  of  the  treads  are  then  taken  on  the  super- 
ficies as  plain  work,  and  the  fronts  and  ends  of  the  risers  as  moulded  work.  In  an  open 
staircase,  the  under  side  of  the  flyers  is  measured  as  plain  work  ;  the  under  side  of  the 
winders  as  circular  plain  work ;  the  rebates,  cuttings  out,  pinnings  in,  &c.,  as  they  are 
found.  Cylindrical  work,  such  as  of  columns,  after  the  cube  quantity  is  ascertained,  is 
measured  as  equal  to  plain  work  twice  taken.  In  Portland  dressings  to  chimneys,  wberc- 
ever  edges  appear,  it  is  customary  to  add  an  inch  to  the  dimensions  for  extra  labour ;  to 
marble,  )  of  an  inch  ;  or  to  take  the  running  dimensions  of  the  edges. 

2372.  Paving  slabs  and  stones  under  2  inches  thick  are  taken  by  superficial  measure. 
Cornices  are  measured  by  obtaining  their  girt,  and  multiplying  by  their  length  for  the 
quantity  of  moulded  work  in  them. 

S237S.  The  following  are  a  few  constants  of  the  chief  articles  of  labour  in  mason's  work, 
applicable,  as  before  mentioned,  in  the  carpenter's  and  joiner's  works. 

Plain  work  ....  -  per  foot  super.   '166 

Plain  work,  rubbed  to  fiice  ...  *l  8 

Plain  work,  tooled  ....  -208 

Sunk  work  .....  -222 

Moulded  work       ...  -  -  •278 

Moulded  work,  stopped     -  -  -  -  '333 

Gothic  moulded  work         ....  '445 

Gothic  moulded  work,  stopped       ...  •528 

Gothic  moulded  work,  circular       ...  *556 

Circular  plain  work  ....  -264 

Circular  sunk  plain  work  ...  *S33 

Circular  moulded  plain  work         ...  -361 

Circular,  plain  moulded  work,  stopped       -  -  *416 
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8374.  FouMDBiu  The  proper  mode  of  estimating  cast  iron  la  by  the  ton  or  cwt. 
Moulds  for  the  castings,  when  out  of  the  common  course,  are  charged  extra.  Very  often, 
too,  cast  iron  pipes  and  gutters  are^  according  to  their  sises,  charged  by  the  yard.  (See 
1754,ei9eq.') 

2375.  Smith  and  laovMOKOxa.  Wrought  iron  for  chimney  bars,  iron  ties,  screw  bolts, 
balusters  with  straps,  area  gratings,  handrails  and  balusters,  hook-and-eye  hinges,  brackets 
for  shelves,  chains  for  posts,  wrought  iron  columns  with  caps  and  bases,  &ncy  iron  railing, 
casements,  shutterbars,  and  the  like,  are  charged  by  the  pound,  at  various  prices,  according 
to  the  nature  of  the  work.  In  the  ironmonger's  department  nmls  and  brads  are  charged  by 
the  hundred,  though  sold  by  weight,  seldom  exceeding  900  to  the  1000.  Screws,  which 
take  their  names  from  their  length,  are  charged  by  the  dozen.  Cast,  and  also  wrought  butts 
and  screws,  cast  and  wrought  back  flaps,  butts  and  screws,  side  or  \4  hi»gft«,  with  screws,  by 
the  pur.  All  sorts  of  bolts  with  screws,  of  which  the  ro.und  part  of  the  bolt  determines  the 
length,  by  the  inch.  H  hinges  and  cross  garnet  hinges,  by  the  pair.  Other  hinges  and 
screws  by  the  piece.  Locks  by  the  piece.  Pulleys  according  to  their  diameters.  On  all 
ironmongery  20  per  cent,  is  chwged  on  the  prime  cost   (See  2253,  ef  seq.^ 

2376.  PiJkSTsaxa.  The  work  of  the  plasterer  is  measured,  generally,  by  the  yard.  The 
most  usual  way  of  measuring  stucco  partitions  and  walls  is,  to  take  the  height  from  the 
upper  edge  of  the  ground  to  half  way  up  the  cornice,  the  extra  price  of  the  stucco  making 
good  for  the  deficiency  of  floated  work  under  it  In  ceilings  and  other  work,  the  surface 
under  the  cornice  is  often  taken,  because  there  is  no  deficiency  but  in  the  setting,  and  that 
is  compensated  for  by  the  labour  in  making  good.  Cornices  are  measured  by  the  foot,  and 
estimated  according  to  the  quantity  of  mouldings  and  enrichments  they  contain.  Where 
there  are  more  than  four  angles  in  a  room,  each  extra  one  is  charged  at  the  price  per  foot 
run  extra  of  the  cornice.  Stucco  reveals  are  charged  per  foot  run,  and  according  to  their 
width  of  4  or  9  indies  or  more.  Quirks,  arrisses,  and  beads  by  the  foot  run,  as  are  margins 
to  raised  panels,  small  plain  mouldings,  &c.  In  the  case  of  enriched  cornices  and  mould- 
ings, and  flowers  to  ceilmgs,  they  must  be  considered  with  reference  to  the  size  and  quantity 
of  ornament.  For  these,  the  papier  maeh^  ornaments,  (see  2251 . )  which  are  much  lighter, 
are  coming  now  into  very  general  use,  and  from  the  ease  and  security  with  which  they  are 
fixed,  will,  we  have  no  doubt,  witlun  no  very  distant  period,  supersede  all  use  of  plaster 
ornaments.  In  subsection  2248  will  be  found  some  information  useful  in  the  investigation 
of  the  value  of  plasterers'  work,  and  which  might  form  the  basis  for  a  set  of  constants 
under  that  head.  But  we  have  not  been  able  to  obtain  suflicient  data  for  carrying  them 
completely  out ;  which,  from  the  minor  importance  of  this  branch  of  building,  is  perhaps 
of  no  very  great  consequence. 

2377.  Plumber.  The  work  of  this  artificer  is  charged  by  the  cwt.,  to  which  is  added  the 
labour  of  laying  the  lead.  Water  pipes,  rain-water  pipes,  and  funnel  pipes  are  charged  by 
the  foot,  according  to  their  diameter;  so  also  are  socket  pipes  for  sinks,  joints  being 
separately  paid  for.  Common  lead  pumps,  with  iron  work,  including  bucket,  sucker,  &c., 
at  so  much  each  ;  the  same  witli  hycGraulic  and  other  pumps,  according  to  their  diameters. 
In  the  same  manner  are  charged  water-closets,  basins,  air  traps,  washers  and  plugs,  spindle 
valves,  stop^cocks,  ball-oocks,  &c  (See  2212,  et  teq.) 

2378.  Glazikr..  The  work  of  the  glazier  is  measured  and  estimated  by  the  superficial 
foot,  according  to  the  quality  of  the  glass  used ;  it  is  always  measured  between  the  rebates. 
(See  2225,  et  uq.) 

2379.  Paimtbr.  In  the  measurement  and  estimation  of  painting,  the  superficial  quantity 
is  taken,  allowing  all  edges,  sinkings,  and  girths  as  they  appear.  When  work  is  cut  in  on 
both  edges  it  is  taken  by  the  foot  run.  The  quantity  of  feet  is  reduced  to  yards,  "by  which 
painting  is  charged  for  large  quantities.  In  taking  iron  railing  the  two  sides  are  measured 
aa  flat  work ;  but  if  it  be  full  of  ornament,  once  and  a  half,  or  twice,  is  taken  for  each  lude.  Sash 
frames  are  taken  each,  and  sash  squares  by  the  dozen.  On  gilding  we  have  already  spoken 
in  Sect.  XII.  (2267,  et  teq.)  Cornices,  reveals  to  windows  and  doors,  strings,  window  sills, 
water  trunks  and  gutters,  handrails,  newels,  &c.,  are  taken  by  the  fbot  run.  Many  small 
articles  by  the  piece.  PUdn  and  enriched  cornices  by  the  foot  run,  according  to  the  quan- 
tity of  work  in  them.  Work  done  from  a  ladder  is  paid  for  extra.  The  price  depends  on 
the  number  of  times  over  that  the  work  is  painted ;  and  the  labour  is  usually  considered  as 
one  third  of  the  price  charged.     Imitations  of  woods  and  marbles  are  also  charged  extra. 

2380.  PAFERHAMGBtt.  In  commou  papers  the  price  varies  according  to  the  colours  or 
quantity  of  blocks  used  in  printing  it.  Embossed  and  other  papers  are  of  higher  prices. 
These,  as  well  as  lining  paper,  are  charged  by  the  piece,  containing  63  feet  super.  The 
lianging  is  charged  separate,  and  borders,  mouldings,  &c.  by  the  yard  run.  (See  2278.) 
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2381.  Undbr  this  lection  it  is  not  our  inteDtion  to  enter  into  the  refinements  of  the 
art,  but  merely  to  make  the  attempt  of  directing  the  student  to  the  first  principles  of  a 
fiiithful  representation  of  ordinary  and  fiuniliar  objects,  with  all  their  imperfections ;  or» 
in  other  words,  of  transferring  to  a  plane  surface  what  the  artist  actually  sees  or  con- 
ceives in  his  mind.  This  power  is  of  vital  importance  to  the  architect,  and  without  it 
he  is  unworthy  the  name.  The  practice,  in  these  days,  of  employing  draughtsmen  to 
make  drawings  for  ccmipetitions,  is  not  less  disgraceful  to  those  who  have  recourse  to  such 
a  practice,  than  to  the  committees  and  other  bodies,  who  are,  in  nine  cases  out  of  ten, 
grievously  misled  and  deceived  by  the  practice.  Every  work  in  a  competition  should  be 
strictly  limited  to  lines  in  its  representation,  and  without  colour  or  shadow.  It  is  not  very- 
long  since  that,  in  a  great  competition,  we  saw  drawings  shadowed  in  a  way  that  must 
have  had  some  other  luminary  ttuui  the  sun  to  light  them,  unlns  he  had  chai^ged  for  the 
moment  the  usual  course  in  which  he  travels  through  the  heavens,  for  the  gratification  of 
the  luminous  draughtsman  who  craved  his  special  aid.  We  regret  that  architects  goierally 
do  not  throw  aside  the  pernicious  system.  There  are  some  few  who  have  done  so,  and  are 
indebted  to  the  practice  for  the  rank  they  hold.  We  shall  here  merely  add,  before  entering 
on  the  subject,  that  in  our  opinion,  the  greatest  curse  that  in  these  days  has  fiillen  on  archi- 
tecture,  is  the  employment  o^  draughtsmen,  who  with  their  trumpery  colouring  and  violent 
effects  mislead  the  silly  men  and  common>place  critics  that  usually  decide  upon  the  merits 
of  their  works.  In  ^e  days  of  Jones,  Wren,  and  Vanbrugh,  this  was  fortunately  not  the 
case.  We  ourselves  possess  more  than  one  drawing  of  Wren,  which  fully  prove  that  the 
medium  of  expression  for  the  workman  in  our  own  art  was  then  simple,  and  wanted  not  such 
silly  aids  as  those  whereof  we  have  been  speaking.  If  proof  be  required,  let  the  authori- 
ties, who  ought  better  to  direct  these  matters,  nuike  a  pilgrimage  to  Oxford,  and  there 
examine  the  drawings  of  Wren,  whose  equal  we  cannot  point  to  in  the  present  age.  Let 
them  examine  the  way  in  which  Inigo  Jones  went  to  work  from  the  MS.  notes  on  his  copy 
of  Palladio,  now  at  Worcester  College,  and  we  may  hope  to  see  better  days.  The  present 
mode  is  that  of  making  a  pretty  picture ;  and  he  who  makes  the  prettiest,  provided  he  have 
a  reasonable  number  of  friends  in  a  committee,  is  the  lucky  candidate.  But  we  are  wan- 
dering  from  the  subject,  and  must  return  to  that  which  hesds  the  section. 

2382.  The  usual  mode  of  teaching  drawing  now  in  use  is,  as  we  conceive,  amcmg  the 
most  absurd  and  extravagant  methods  of  imparting  instruction  that  can  be  well  conceived. 
The  learner  is  usually  first  put  to  copying  drawings  or  prints,  on  which  he  is  occupied  for 
a  considerable  time.  How  much  more  would  he  learn,  and  how  much  more  quickly,  by 
drawing  at  once  from  the  figure  or  its  parts ;  thus  at  once,  for  that  the  thing  is  quite 
possible,  we  know  from  experience,  acquiring  the  power  of  transferring  to  a  plane  sur- 
face the  representation  of  that  which  is  placed  before  his  eye?  And  here  we  deem  it 
proper  to  apprise  the  reader  that  the  representation  of  form  b  all  that  the  architect 
requires.  The  power  of  doing  this  is  no  slight  acquirement.  Under  perspective,  we 
shall  see  in  the  following  section,  that  for  aU  geometrical  solids  the  representation  is 
dependent  on  mechanical  means,  of  which  every  one  may  easily  possess  himself;  and  these 
may,  if  it  be  desirable,  be  shadowed  truly  by  the  methods  given  in  Section  III. ;  but  tiie  im- 
dulating  form  of  the  figure,  and  the  infinite  variety  of  a  landscape,  by  chai^ng  the  situation 
of  the  spectator,  is  more  the  matter  now  to  be  considered.  As  to  the  materials  to  be  used 
for  the  purpose,  a  black  lead  pencil  and  some  Indian  ink  or  sepia  are  all  that  the  architect 
can  want.  On  them  we  sliall  not  therefore  stop  to  waste  his  and  our  own  time.  It  is  the 
practice  of  going  further  that  has  excited  the  observations  with  which  we  began. 

2383.  We  are  fully  aware  of  the  impossibility  by  writing  merely,  without  the  aid  of  a 
master  at  the  student's  back,  to  teach  any  one  the  art  of  drawing.  Much,  nevertheless, 
may  be  imparted,  namely,  the  mechanical  means,  assisted  by  a  general  knowledge  of  per- 
spective, to  place  the  different  parts  of  a  figure  or  landscape  not  so  violently  out  of  their 
proper  places  in  the  representation  as  to  offend  the  eye.  Here  let  us  mention  that  our 
impression  is,  and  we  do  not  believe  that  any  artist  will  venture  to  contradict  it,  that  he 
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who  can  draw  the  figure  will  be  able  to  draw  any  other  object  or  objects  that  are  submitted 
to  him  for  representation.  Besides  this,  the  freedom  he  will  obtain  in  the  use  of  hu  pencil 
by  first  employing  it  in  this  way,  will  impart  a  facility  which  is  by  no  other  means  to  be 
attained.  This  was  one  of  the  great  powers  possessed  by  the  artists  of  Italy ;  thb  made 
them  painters,  sculptors,  and  architects,  combining  the  three  arts  in  one  person,  and  this,  lost, 
has  separated  the  three  arts,  and  the  want  of  it  reduced  our  Academy,  with  a  few  exceptions, 
to  parties  of  whom,  with  all  our  best  feelings  towards  them,  it  cannot  be  said  they  are  those 
upon  whom  the  mantle  has  fidlen  to  do  the  like.  Portrait  painting,  good  enough  of  itself, 
has  banished  real  art.  This,  however,  b  not  the  fiiult  of  the  Academy,  but  of  the  selfish 
feeling  of  the  nation. 

2384.  We  have  also,  before  entering  on  the  few  principles  to  be  given,  to  premise  that 
though  for  the  painter  and  sculptor  a  knowledge  of  anatomy  is  absolutely  requisite,  we  do 
not  insist  upon  that  for  our  purpose.  It  is  only  to  be  so  far  known  as  to  remember  that 
the  carpentry  of  man  is  his  skeleton,  and  the  muscles  and  integuments  the  lath  and  plaster 
put  on  the  framing.  We  mean,  in  fact,  that  a  general  knowledge  of  it  for  drawing  is  well 
to  be  possessed. 

2385.  The  method  proposed  in  the  following  pages  is  as  old,  at  least  in  principle,  as  the 
time  at  which  we  ourselves  began  to  learn  the  art ;  and  we  are  therefore  surprised  that  it 
should  have  been  lately  published  as  new  in  Paris,  by  M.  Dupuis.  (^  De  VEnseignement  du 
Deuin  tout  U  point  de  we  induttridT  1836.)  The  principles  of  the  work,  however,  are 
perhaps  better  expressed  and  arranged,  in  some  respects,  than  we  might  faAve  presented 
them  to  the  reader :  and  we  shall  not,  therefore,  apologise  to  our  readers  for  the  free  use 
we  intend  to  make  of  it,  premising,  however,  that  we  do  not  in  any  way  admit  its  novelty, 
and  that,  in  respect  to  the  whole  figure  and  the  application  of  the  method  to  landscapes, 
what  follows  is  not  found  in  the  work  of  M .  Dupuis. 

2386.  Outline  is  the  foundation  of  all  drawing,  the  elementary  alphabet  of  graphic  art. 
Every  representation  of  an  object,  or  series  of  objects,  however  complicated,  is,  in  reality, 
but  a  set  of  outlines  modified  by  right  and  curved  lines.  The  knowledge  of  these  lines, 
and  of  their  several  properties,  will  greatly  abridge  the  labour  of  the  student,  inasmuch  as 
the  power,  if  we  may  so  express  ourselves,  of  reading  and  writing  them  by  calculating 
the  relations  of  sixe  and  distance  which  exist  between  their  parts,  is,  in  fact,  the  fiiculty  of 
drawing.  The  elements  of  perspective  may  be  previously  so  fiir  entered  upon  as  to  acquire 
facility  in  drawing  in  every  position,  without  the  aid  of  those  rules  which  are  given  in 
Sect.  II. ;  the  cube,  cylinder,  sphere,  pyramid,  and  other  solid  bodies,  upon  which,  ^om  the 
objects  themselves  actually  before  him,  the  student  may  begin  to  work.  Having  acquired 
freedom  and  power  of  accurate  representation  in  this  respect,  and  also  a  dexterity  in  the 
use  of  his  pencil  generally,  he  may  commence  his  operations  on  the  figure  itself. 

2387.  Between  the  ancient  mode  of  teaching  the  student  (we  will  take  the  head,  for 
instance,  shown  in  Jig.  809.  as  the  first  roughing  of  the  leading  lines  of  that  which  in 
Jig.  812.  has  reached  its  completion)  and 
the  method  practised  by  M.  Dupuis,  the  only 
difference  is  this,  that  M.  D.,  instead  of  let- 
ting the  student  form  the  rough  outline  at 
once  from  the  finished  bust,  roughing  out 
on  paper  the  principal  masses,  provides  a  se- 
ries of  models  roughly  bossed  out  in  their 
different  stages,  which  he  nuikes  the  student 
draw.  The  system  is  ingenious ;  but  as  the 
greatest  artists  have  been  made  without  the 
modification  in  question,  we  do  not  think  it 
material ;  at  all  events,  the  prin<nples  are  the 
same.  M.  Dupuis,  for  this  purpose,  has  a 
series  of  sixteen  models,  the  first  of  each  four 
of  the  series  are  quite  sufficient  to  show  the 
old  as  well  as  bb  own  practice.  Thus,  in 
Jig.  809.,  the  general  mass  of  the  oval  of  the  head  is  given,  in  which  it  is  seen  that  the 
profile  is  indicated  by  an  obtuse  angle,  whose  extreme  point  corresponds  with  the  lower 
part  of  the  nose,  and  the  lines  at  one  extremity  terminate  with  the  roots  or  commencement 
of  the  hair,  and  at  the  other  with  the  lower  jaw.  The  form  of  the  rest  of  the  head  is  the 
result  of  combining  the  most  projecting  points  of  it  by  curved  lines,  in  short,  of  suppdsing 
a  rough  mass,  out  of  which  the  sculptor  might  actually,  in  marble  or  other  material,  form 
the  head. 

2388.  Hie  next  step  is  exhibited  in^^.  810.,  with  the  four  principal  divisions :  the  occi- 
pital to  the  beginning  of  the  hair,  the  forehead  to  the  line  of  the  eyes,  the  projection  of  the 
nose,  and  the  inferior  part  of  the  face,  with  some  indication  of  the  mouth. 

2389.  In  Jig.  81 1.  it  will  be  seen  that  another  step  is  gained.  The  eyes  (here  only  one 
appears,  but  we  speak  with  reference  to  the  subject,  being  less  in  profile),  the  mouth,  the 
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chin,  and  the  ear  are  more  dearly  marked  out, 
with  some  sort  of  expression  of  the  vhole  work, 
but  still  without  details,  though  sufficiently  in- 
dicating that  little  more  is  necessary  to  bring 
the  rude  sketch  of  ^.  809.  to  a  resemblance. 

S390.  In  j^.  812.  this  is  obtained ;  but  still, 
according  to  the  degree  to  which  an  artist  con> 
siders  finishing  necessary,  to  be  further  pursued 
and  carried  through  to  make  a  perfect  drawing ; 
all  that  is  here  intended  being  to  show  the 
principles  upon  which  the  matter  is  conducted, 
and  upon  which  we  shall  presently  have  further 
observations  to  make.  It  will  be  observed  that 
on  the  shadowinj^  and  finishing  in  this  way,  the 
drawings  the  student  may  make  we  set  no 
value :  when  he  can  draw,  if  those  matters  be 
of  importance  to  him,  they  will  not  be  difficult  of  acquisition.  We  scarcely  think  it  here 
necessary  to  repeat  that,  having  accomplished  the  art  of  drawing  with  tolerable  correct- 
ness the  figure,  the  architect  will  have  few  difficulties  to  contend  with  in  drawing  the  most 
complex  and  elaborate  ornaments  employed  in  architecture.  I'he  principles  are  precisely 
the  same ;  but  we  wish  here  to  impress  upon  him  the  necessity  of  recurring  to  nature  herself 
for  his  <»rnaments :  a  practice  which  will  always  impart  a  freshness  and  novelty  to  them 
which  even  imitation  of  the  antique  will  not  impart 

2391 .  The  port  crayon,  whether  carrying  chalk  or  a  black  lead  pencil  of  moderate  weight 
and  sixe,  say  full  seven  inches  long,  u  the  best  instrument  to  put  into  the  hands  of  the  be- 
ginner. The  first  object  he  must  consider  in  roughing  the  subject,  as  in  fig,  809.,  is  the 
relation  the  height  of  the  whole  bears  to  its  width  ;  and  this  determined,  he  must  proceed 
to  get  the  general  contour,  without  regard  to  any  internal  divisions,  and  thus  proceed  by 
subdivisions,  bearing  the  relative  proportions  to  each  other  of  the  model,  comparing  them 
with  one  another  and  with  the  whole.  We  will  now  show  how  the  port  crayon  assists  in 
this  operation.  Let  the  pupil  be  supposed  seated  before  the  modd,  at  such  a  distance  from 
it  that  at  a  single  look,  without  changing  the  position  of  his  head  upwards,  downwards,  or 
sideways,  his  eye  takes  in  the  whole  of  it.  The  strictest  attention  to  this  point  is  necessary, 
for  difficulties  immediately  present  themselves  if  he  is  too  near,  as  well  as  if  he  is  too  fkr 
from  it.     And  here  let  it  be  observed  that  the  visual  rays  (see^.  813.)  upon  every  object 
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may  be  compared  to  the  legs  of  a  pair  of  compasses,  which  open  wider  as  we  approach  the 
object  and  close  as  we  recede  from  it.  This  is  a  law  of  perspective  well  known,  and  which 
the  student  may  easily  prove  by  experiment,  keeping  the  head  of  the  compasses  near  his 
eye,  and  opening  the  legs  to  take  in,  in  looking  along  them,  any  dimension  of  an  object. 
He  will  soon  find  that  as  he  approaches  such  object  he  must  open  the  legs  wider  in  order 
to  comprise  within  them  the  ffiven  dimension.  Hence  every  diamet^  or  dimension,  sepa- 
rately considered,  is  comprised  in  the  divergence  of  the  visual  rays.  It  is  on  this  account 
that,  being  at  a  proper  distance,  any  moveable  measure  which  with  a  free  motion  of  his 
body  he  can  inter|}ose  upon  some  one  of  the  points  of  the  distance  between  his  eye  and  the 
model,  mayi  though  much  less  than  the  model  itself,  take  in  the  whole  field  of  view,  reach 
the  extremities  of  the  dimension,  and  consequently  become  of  great  assistance  in  certain 
mathematical  measures.  For  by  applying  such  a  measure  to  one  division  only  of  the  model, 
we  shall  obtain,  as  it  were,  an  integer  for  finding  a  great  many  others  into  which  the  model 
may  be  subdivided. 

2392.  Thus,  taking  fig.  809.,  which  is  profile,  and  supposing  the  width  at  the  neck 
unity,  if  this  is  twice  and  a  half  contained  in  the  general  height  of  the  bust,  we  have  imme- 
diately the  proportions  of  one  to  two  and  a  half,  which  may  be  immediately  set  out  on  the 
paper  or  canvas.     This  is  not  all ;  the  integer  or  unity  obtained  by  the  diameter  of  the 
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neck  serves  also  for  measuring  the  horizontal  diameter  of  the  head,  and  also  of  the  bust ; 
whence  new  proportions  may  be  obtained.  So  much  for  the  first  casting  of  the  general 
form.  Now,  in  the  entire  bust,  as  respects  the  head  only,  suppose  we  wish  to  obtain  the 
proportions  of  the  principal  divisions,  —  for  example,  from  the  base  of  the  bust  to  the  base 
of  the  chin,  —  we  may  establish  another  integer  to  measure  other  parts ;  as,  if  from  the 
point  of  view,  the  distance  frt>m  the  base  of  the  bust  to  the  base  of  the  chin  is  the  same  as 
from  the  last  to  the  summit  of  the  head,  the  learner  would  have  nothing  more  to  do  in  that 
respect  than  to  divide  the  whcJe  height  into  two  equal  parts.  On  the  same  principle,  pass- 
ing  from  divisions  to  subdivisions,  the  distance  be^een  the  base  of  the  chin  and  the  point 
whence  the  nose  begins  to  project,  may  be  found  a  measure  for  the  height  of  the  nose,  and 
fi^im  thence  to  the  top  of  the  cranium.  We  are  here  merely  showing  the  method  of  ob- 
taining different  integers  for  measuring  the  different  parts  mentioned ;  others  will  in  prac- 
tice occur  continually,  after  a  very  little  practice.  We  do  not  suppose  our  readers  will  believe 
that  we  propose  to  teach  drawing  by  mathematical  rules ;  we  now  only  speak  of  obtaining 
points  from  which  undulating  and  varying  lines  are  to  spring  and  return,  and  which  none 
but  a  fine  and  sensitive  eye  will  be  able  to  express.  But  to  return  to  the  port  crayon, 
which  is  the  moveable  measure  or  compasses  whereto  we  have  alluded,  and  requires  only 
skilful  handling  to  perform  the  offices  of  compasses,  square,  plumb  rule,  and  level.  By 
interposing  it  (see  J^.  813.)  on  the  divergence  of  the  visual  rays  between  the  eye  and  the 
object,  we  may  estimate  the  relative  proportions ;  since  in  the  field  of  vielv  the  learner  may 
apply  it  to  the  whole  or  any  of  the  parts,  and  make  any  one  a  measure  for  another.  For 
this  purpose  he  must  hold  it,  as  shown  in  the  figure,  steadily  and  at  arm's  length.  Any 
portion  of  it  that  is  cut  by  the  visual  rays  between  any  two  parts  of  the  object,  becomes  the 
integer  for  the  measurement  of  other  parts  whereof  we  have  been  speaking.  This  in 
the  drawing  will  be  increased  according  vt  the  size  is  greater  or  less  than  the  portion  of  the 
port  crayon  intercepting  the  visual  rays.  This  process  may  be  easily  accomplished  by 
making,  upon  one  and  the  same  line  of  the  visual  ray,  the  extreme  point  of  the  port  crayon 
to  touch  one  of  the  extremities  of  the  proportion  sought  upon  the  model,  so  that  they  may 
exactly  correspond.  Then  at  the  same  time  fixing  the  thumb  or  fore-finger  where  the  visual 
ray  fix>m  the  other  extremity  is  intercepted,  we  shall  find  any  equal  length  by  moving  the 
port  crayon  with  the  thumb  and  fore-finger  fixed  to  any  other  part  we  want,  as  to  size,  to 
compare  with  the  first,  or  by  using  the  same  expedient  to  other  parts,  other  integers  may  be 
found,  'llie  different  int^ers,  indeed,  which  may  be  thus  obtained  is  infinite.  The  port 
crayon  will  also  serve  the  purpose  of  a  plumb  bob  by  laying  hold  of  it  by  the  chalk,  and 
holding  it  just  only  so  tight  between  the  fingers  ta  to  prevent  its  falling,  so  that  its  own 
gravity  makes  it  assume  a  vertical  direction. 
Doing  so,  if  it  then  be  held  up  to  intercept 
the  visual  rays,  we  may  discover  the  pro- 
portion in  which  a  line  swells  whose  direc- 
ton  approaches  the  vertical,  as  also  the  quan- 
tity one  part  projects  before  another  in  the 
model ;  and  comparing  this  again  with  the 
integer,  obtain  new  points  for  starting  from. 
Again,  by  holding  it  before  the  eye  in  an 
horizontal  direction,  we  shall  obtain  the 
diflferent  parts  of  the  model  that  lie  before 
the  eye  in  the  same  horizontal  line.  By 
degrees  we  shall  thus  soon  find  the  eye  be- 
come fiuniliarised  with  the  model  it  con- 
templates ;  judgment  in  arranging  the  parts 
supervenes;  the  hand  becomes  bold  and 
unhesitating,  and  the  leading  forms  are 
quickly  transferred  to  the  paper  or  canvas 
to  be  subdivided  to  such  extent  as  is  re- 
quired by  the  degree  of  finish  intended  to  be 
bestowed  upon  the  drawing. 

2393.  The  process  that  we  have  consi- 
dered more  with  relation  to  the  bust  is 
equally  applicable  to  the  whole  figure.  In 
^.  814.  we  have  more  particularly  shown 
by  the  dotted  lines  the  horizontal  and  verti- 
cal use  of  the  port  crayon ;  but  the  pre- 
vious adjustment  of  some  measure  of  unity 
for  proportioning  the  great  divisions  to  each 
other  is  also  applied  to  it  as  already  stated. 
In  the  figure,  EE  is  the  line  of  the  hori- 
zon, or  that  level  with  the  eye ;  it  will  be 
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■ten  puling  through  the  knee  of  thet  leg  upon  vbiehthe  principkl  veight  or  the  body  im 

3994.  Though  our  ot^eet  in  tbii  Kctian  ii  to  give  onlj  ■  notion  of  the  va;  of  truu- 
ftrring  to  paper  or  euiu  inch  obj«ti  u  present  IbenuelTee.  ve  think  it  proper  to  hint  at 
a  few  g^neril  nuttera  vbioh  the  student  witl  do  well  to  conuder,  and  theee  reUte  to  (be 
balance  and  motion  of  the  human  figure.  Oeometry  and  arithmetic  were  with  the  painters 
of  antiquitf  of  luch  importance  that  Pamphilu*  the  nuwter  aS  Apelies  declared,  without 
them  art  could  not  be  perfected.  Vitruriui  partieularly  tells  ui  tbe  aame  thing,  and,  aa 
foUoiri,  girci  the  proportion!  of  tbe  buinao  figure :  —  "  Prom  tbe  chin  to  the  top  of  tbe 
forehead,  or  to  the  roaU  of  the  hair,  a  a  tenth  part  of  the  height  of  the  whole  bodr ;  fiom 
tbecbin  to  tbe  crown  of  tbe  head  11  an  righth  part  of  tbe  whole  heigbl;  and  Irom  the  nape 
of  the  neck  to  the  crown  of  tbe  head,  tbe  name.  From  the  upper  part  of  the  bresrt  to  the 
root!  of  the  hair,  a  uilh;  to  the  crown  of  the  bead,  ■  fourth.  A  third  part  of  theb^htoT 
tbe  lice  i>  equal  to  that  from  the  chin  to  the  under  aide  of  the  noatrila,  and  thence  to  tbe 
middle  of  tbe  ejebrowi  the  aame :  from  the  lait  (o  the  rooU  of  the  hair,  where  the  forehead 
ends,  the  remaining  third  part.  The  length  of  the  foot  ii  a  liith  part  of  the  height  of  tb* 
body  ;  the  fore-arm,  a  fourth  part ;  the  width  of 
tbe  breati  a  fourth  part.  Similarlj,**  conlinuee 
our  author,  •'  haTe  the  other  memben  their  due 
pioportioni,  by  attention  to  which  the  ancient 
painters  and  sculptors  obtained  so  much  reputa- 
tion. Juat  BO.  the  part*  of  temples  should  corre- 
spond with  each  other  and  with  the  whole.  The 
naiel  is  naturally  placed  in  the  oentre  of  the 
human  body  ;  and  if  a  man  lie  with  bis  foce  up- 
wards, and  bis  hands  and  leet  eitended,  and  fnnn 
bis  navel  as  tbe  centre,  a  circle  be  dewsribed,  it 
will  touch  hisfingen  and  toea.  It  is  not  alone  by 
a  circle  that  tbe  human  body  ia  thus  eireumaeribeil, 
■n  {Jig.  B15.)  by  placing  it  within  a 


tquar 


For.  n 


[tended. 


sndthen 


It  fiilly 


i  so  tbat  the  lines  at  right  angles  to  each 


ancients  understood  the 


other,  enclonng  the  figure,  will  form  a  square." 

3395.  "  How  well,"  says  Flaiman  (  L*ctar«  oa  Sc<dpt<m),  - 
balance  of  tbe  figure,  is  proved  by  the  two  books  of  Archimedes  on  tuat  subject ;  beaidea, 
it  it  imposuble  to  see  tbe  numerous  figures,  springing,  jumping,  dancing,  and  lalling,  in  the 
Herculaneum  painting  on  the  painted  rases,  snd  Che  antique  bssso-rilieroa,  without  being 
assured  tbat  the  painters  and  sculptors  mutt  bale  employed  geometrical  figure*  to 
determine  the  degrees  of  curralure  in  the  body,  and  angular  or  rectilinear  extent  of  tbe 
limbs,  snd  to  fii  tbe  centre  of  gravity."  Leonardo  da  Vinci  has  illustrsted  the  subject  in  his 
Traltato  di  Pilhira,  a  perusal  of  which  cannot  fail  of  being  highly  beneficial  to  the  ttudenL 

S396.  At  in  all  other  bodies,  the  centre  of  gravity  of  the  human  figure  ii  that  point  from 
which,  if  suspended,  the  figure  would  remain 
at  rest  when  turned  round  upon  it.  Flaiman, 
by  some  strange  mistake,  has  described  tbe 
centre  of  gravity  as  "  an  imaginary  straight 
Umc,  which  bits  from  tbe  gullet  between  tbe 
'  e  ground,  when  it  (the  f 


hanffing  down  on  eacl 
rhe  &cl  is,  that  the  o 


(.Pig-  816.). 

gniity  i)  found  to  be  in  a 
rather  renrared  backwards  from  it,  in  a  verti- 
cal plane  returning  Irom  that  line. 

S39T.  Motion  implies  change  of  position  ; 
for  instance,  in  fy.  817..  the  weight  of  the 
figure  is  thrown  on  one  li^,  hence  a  line  pass- 
lug  through  the  centre  <w  gravity  lalls  from  na."s-  na-ir. 

the  gullet  on  one  1^,  on  which  side  siso  the  shoulder  becomes  lowered,  and  that  on  the 
opposite  side  ruaed  ;  the  hip  and  knee  sinking  below  those  on  the  side  supporting  the 
weight.  In  j^.  8t8.  the  dotted  lines  terminated  by  the  Ictten  ABCD  reprewnt  Unci  of 
motion,  as  also  the  eiitent  of  such  motion.  The  same  are  also  thown  in  fy.  SI  9.,  wherein 
A  shows  the  inclination  of  the  bead  to  the  breast  ;  B  tbe  eitrcmc  bend  of  (he  hack  over 
the  legs,  without  changing  their  position;   C  that  of  the  hack  bent  backwards,  the  legs 


Chap.  IV. 


DRAWING  IN  GENERAL. 


647 


remBiniDg  in  the  same 
pMition.  If  the  back 
be  bent  as  fiur  as  D,  the 
thighs  and  legs  will  pro- 
ject as  fiur  as  E. 

9398.  Referring  back 
tafig,  817.  for  compari- 
son, as  the  commence- 
ment of  moticm,  with 
Jig,  8S0.»  we  shall  imme- 
diately see  that  the  pre« 
paration  for  running 
consists  in  throwing  the 
balance  beyond  tbe 
standing  foot ;  and  that 
when  the  centre  of  gra- 
vity, which  is  now  about 
to  take  place,  fells  out  of 
the  common  base,  the 
hinder  leg  must  be  out, 
and  off  the  ground,  to 


\ 


Flir:  818. 


balance  the  fore  part  of  the  figure,  which  would  otherwise  fell. 

S399.  In  preparing  to  strike  {jig,  821.),  the  figure  is  thrown  back  at  the  beginning  of 


Flff.  SSOi  Fig.  8S1. 

the  action  to  give  force  to  the  blow :  the  dotted  line  shows  the  extent  of  the  springing 
forward,  in  which  the  action  is  ended  by  the  fell  of  the  blow  upon  the  object. 

2400.  In  fig,  822.,  bearing  a  weight,  the  combined  centres  of  pavity  of  the  figure  and 


PIff.  88S.  Fig.  888.  Fig.  884. 

the  weight  to  be  borne  must  be  found  ;  and  through  it  the  line  fells  between  the  feet,  if 
the  whole  weight  rests  equally  on  both,  or  on  the  supporting  foot,  if  the  weight  is  thrown 
upon  one.  FUzman,  who  was  a  finer  artist  than  a  geometrician,  has,  in  his  lectures,  fellen 
into  another  mistake  on  this  head,  by  saying  the  centre  of  gravity  is  the  centre  of  the 
incumbent  weight,  which  is  absurd ;  because  the  figure  has  not  only  to  balance  the  weight 
itself,  but  also  its  own  weight. 

2401 .  In  leaping  (^fig.  82S. ),  the  body  and  thighs  are  drawn  together  to  prepare  icft  the 
spring ;  the  muscles  of  the  leg  draw  up  the  heel,  and  the  figure  rests  on  the  ball  of  the 
foot ;  die  arms  are  thrown  back  to  be  ready  immediately  for  swin^ng  forward,  and  thus 
assisting  in  the  impulse.  When  the  figure  alights,  the  arms,  at  the  instant  of  alighting, 
will  be  found  raised  above  the  head  ;  and  a  line  dropped  from  the  centre  of  gravity  will  be 
found  to  fiill  near  the  heels. 

2402.  In  leaning  {fig,  824.),  if  on  more  than  one  point,  the  greatest  weight  is  about  that 
point  on  which  the  figure  chiefly  rests. 
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5403.  Flp.  Sa5.  u  a  flying, 
^.896.  a  filling  figure,  both  wb 
of  being  m  motioa  through  the 
lint.    Inr     -       ■ 


be  obscTTed  that  the  heaviett  por- 
tion of  the  figure  is  bounded  bj 
linei  inclined  upwardi ;  mm  in  fil- 
ing the  heaviest  portion  of  it  hu 
a  downward  direction  We  have 
thought  then  elemenU  would  be 
umAiI,  b9  eihilnting  thow  leading 
principlei  without  the  oomprehen. 
■ioD  whereof  no  motion  or  letion  '*■  ■"■ 

can  be  well  expresKd.  "  EicTj  change."  aajs  Flaiman,  ■■  of  poiilion  or  actioD  in  the 
Hgure  will  present  the  diligent  Mudent  with  lorae  new  ^plication  of  prinnple*,  ai 

9404.   We  iluill  cloK  this  section  with  the  application  of  the  prinniplee  delwled 
t  of  the  port  crayon  to  the  drawing  of  landseapea.      Tbe  subject  of  Ji 
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and  828.  is  firom  a  spot  a  little  way  out  of  Rome,  the  tower  of  Caecilia  Metella  being  seen  in 
the  distance.  In^^.  826.  the  masses  are  roughed  in  from  the  objects  themselves;  and  the  prin- 
cipal mass  abcOl  d  on  the  left  side  is  first  very  carefully  drawn  by  itself,  being,  as  respects  lead- 
ing lines  and  thicknesses,  corrected  until  the  eye  is  satisfied  of  the  truth  of  its  general  form. 
The  eye  is  as  high  as  £  and  E,  which  therefore  show  the  height  of  the  horizontal  line,  and 
are  also,  in  fact,  the  vanishing  points  for  the  wall  on  the  right-hand  side  of  the  picture,  and 
the  house  on  the  same  side  a  little  beyond  it.  Holding  the  port  crayon  level,  and  tsJcing 
on  it  with  the  thumb  or  forefinger  the  distance  01,  we  shall  find  that  twice  that  measure 
in  2  and  S  will  give  the  junction  of  the  wall  with  the  pier ;  and  that  a  line  continued 
horizontally  firom  d  cuts  the  top  of  the  plinth  of  the  gate  pier.  The  picture  happens  to  be 
divided  into  two  equal  parts  by  a  vertical  line  drawn  through  the  brcadc  in  the  city  wall  in 
the  distance.  d\,  continued  upwards,  determines  one  side  of  the  house  on  the  right-hand 
side  of  the  road,  and  from  a  point  at  a  break  in  the  foreground  intersects  the  projecting 
wall  at  e:  a  vertical  line  determines  the  left  side  of  the  tower.  The  remaining  horizontal 
lines,  it  will  be  seen,  determine  other  points  and  lines ;  and  thus  it  is  manifest  that  the 
whole  arrangement  has  been  accomplished  by  making  the  mass  abtOld  a  measure  or  unit 
for  ascertaining  the  size  and  relative  position  of  the  other  parts.  In  yS^r.  828.  the  detail  is 
filled  in,  and  brought  to  a  higher  state  of  finish. 
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2405.  A  perspective  delineation  is  the  linear  representation  of  any  object  or  objects,  as 
it  or  they  appear  to  the  eye,  and  is  such  a  figure  of  an  object  as  may  be  supposed  to  be 
made  by  a  plane  making  a  section  of  the  body  or  pyramid  of  visual  rays  directed  from  the 
eye  to  the  diflferent  parts  of  the  object.  A  delineation  so  made,  being  properly  coloured 
and  shadowed,  will  convey  a  lively  idea  of  the  real  object,  and  at  the  same  time  indicate  its 
position  and  distance  from  the  eye  of  the  observer. 

2406.  Definitions.  —  }.  An  (nigintd  object  or  obfeets  is  or  are  an  object  or  number  of 
objects  proposed  to  be  delineated :  for  instance,  a  house,  a  ship,  a  man,  or  all  or  any  of 
them  together.     In^.  829.  the  house  ABCDFHK  is  the  original  object 


Flg.8t9. 


8.    Orignud  Une$  are  any  lines  that  are  the  boundaries  of  original  objects,  or  of  planes 
'      those  objects.     The  lines  AB,  BC,  CD  are  original  lines,   being  partly  the 


m 


3. 


boundaries  of  the  original  object  ABCDFHK. 

The  ffround  pUnu  is  that  upon  which  the  objects  to  be  drawn  are  placed,  and  is 
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always  oonndered  a  boundleat  level  plane.  The  plane  X  in  the  figure  is  the  ground 
plane,  upon  which  is  placed  the  object  ABCDFHK. 

4.  Tke  point  of  view  or  point  of  nght  u  the  fixed  place  of  the  eye  of  the  obeenrer» 
viewing  the  object  or  objects  to  be  ddineated :  £  in  the  figure  is  such  point. 

5.  2%«  Haiion  point  is  a  point  on  the  ground  plane*  perpendicularly  under  the  point  of 
sight  or  eye  of  the  observer,  and  expresses  on  the  plan  the  station  whence  the  view  is 
taken.  S  is  the  station  point  in  the  figure,  being  a  point  on  the  ground  plane  ver* 
tically  under  the  eye  of  the  observer  at  £. 

6.  l%e  plane  of  ddineation  or  the  picture  is  the  canvas  or  paper  whereon  it  is  intended 
to  draw  any  object  or  number  of  objects.  Thus,  in  the  figure,  the  plane  GIKL  is 
the  plane  of  delineation ;  but,  in  the  extensive  sense  of  the  word,  the  plane  of 
delineation  is  considered  a  boundless  plane,  however  cireumsoribed  may  be  the 
delineation  made  thereon. 

7.  J%e  horixontai  Une  or  the  horizon  la  a  line  on  the  plane  of  delineation  in  every  part 
level  with  the  eye  of  the  observer  or  point  of  view.  VZ  is  the  horixontai  line  on 
the  plane  of  delineati<m  OIKL.  It  is  supposed  to  be  obtained  by  the  intersection 
of  a  phme  passing  throu^  the  eye  of  the  observer,  parallel  to  the  ground  plane» 
produced  till  it  touches  the  plane  of  delineation. 

8.  The  centre  of  the  picture  is  a  point  perpendicularly  opposite  the  eye  of  the  observer, 
or  p<Hnt  of  view,  and  is  consequently  always  somewhere  in  the .  horixontai  line. 
O  in  the  horizontal  line  VZ  is  the  centre  of  the  picture,  being  perpendicularly 
opposite  to  the  eye  at  £. 

9.  The  vertietd  line  is  a  line  drawn  through  the  centre  of  the  picture  perpmdicular  to 
the  horison.  In  the  figure  PR  u  the  vertical  line.  It  is  here  worthy  of  notice 
that  the  vertical  Une  determines  how  much  of  the  view  lies  to  the  right  and  how 
much  to  the  left  ai  the  eye  of  the  artist. 

10.    The  dietanee  of  the  picture  is  a  direct  line  from  the  eye  to  the  centre  of  the  picture. 

EO  is  the  distance  of  the  picture,  or  plane  of  delineation,  OIKL. 
li.    T%e  ground  Une  is  that  where  the  ground  plane  intersects  the  plane  of  delineation, 

as  GL  in  the  figure. 

12.  An  interaecting  point  u  one  made  on  the  plane  of  detineatioQ,  by  producing  a  line  in 
an  original  object  till  it  touches  the  plane  of  delineation.  Thus,  T  is  the  inter- 
secting point  dTthe  original  line  BA. 

13.  An  intertecting  line  is  one  made  on  the  plane  of  delineation,  by  producing  any 
plane  in  an  original  object  till  it  touches  the  plane  of  delineation,  or  where,  if  pro- 
duced, it  would  touch  it  Thus  WT  is  the  intersecting  line  of  the  original  plane 
ABCDN,  being  the  line,  where  that  plane,  if  produced,  would  touch  the  plane  of 
delineation. 

14.  A  vaniehing  point  is  that  point  on  the  plane  of  delineation  to  which  two  or  more 
lines  will  converge,  when  they  are  the  perspective  representations  of  two  or  more 
parallel  lines  in  an  original  object,  whose  seat  is  inclined  to  the  plane  of  delincatiwi. 
The  point  V  in  the  figure  is  the  vanishing  point  of  the  line  AB,  being  found  by  the 
line  EV,  drawn  from  the  eye  of  the  spectator  parallel  to  it,  and  produced  till  it 
touches  the  plane  of  delineation  in  the  point  V.  For  a  similar  reason,  V  is  the 
vanishing  point  of  the  line  CN ;  it  is  also  the  vanishing  point  for  any  other  line 
parallel  to  the  line  CN,  as  BA  ;  all  parallid  lines  having  the  same  vani^iing  point. 
The  point  Z  is  the  vanishing  point  of  the  line  AK,  being  obtained  by  a  line  drawn 
fcom  the  eye  parallel  to  the  line  AK,  and  produced  tUl  it  touches  the  plane  of 
delineation.  The  point  Z,  moreover,  is  the  vanishing  point  of  the  original  lines 
DF  and  NH.  And  it  is  to  be  recollected  by  the  student,  that  there  will  be  as 
many  different  vanishing  points  of  lines  in  the  delineation  of  an  ori^nal  object  as 
there  are  different  directions  of  lines  in  that  original  object.  Hie  point  Y  is  the 
vanishing  point  of  the  parallel  original  lines  DN  and  FH,  being  found  by  the  line 
£  Y  bdng  drawn  from  the  eye  parallel  to  them  till  it  touches  the  plane  of  delineation. 
So  also  Q,  is  the  vamshing  point  of  the  line  CD.  In  the  process  of  perspective 
deUneations,  as  we  shall  presently  see,  the  plan  of  the  object  being  drawn,  the  places 
of  the  various  vanishing  points  are  found  on  the  ground  line,  whence  they  are 
transferred  to  the  horixontai  line  by  mesns  of  perpendiculars  raised  from  them. 

15.  A  vaniehing  Une  is  one  supposed  to  be  made  on  the  picture  by  a  plane  paanng 
through  the  eye  of  the  observer  parallel  to  any  original  plane  produced  till  it 
touches  the  picture.  The  line  VZ  is  the  vanishing  line  of  an  horixontai  plane,  and 
of  all  horizontal  planes,  being  found  by  the  intersection  of  a  plane  pawing  hori- 
zontally through  the  eye,  or  parallel  to  an  horizontal  plane.  The  vertiod  line  Y VM 
is  the  vanishing  line  of  the  original  vertical  plane,  ABCDN  being  the  line  where  a 
plane  passing  the  eye  of  the  spectator  parallel  to  that  plane  would  touch  the  plane 
of  delineation.  There  will  be  as  many  different  vanishing  lines  on  the  plane  of 
delineation  as  there  are  different  positions  of  planes  in  the  object  or  objects ;  and 
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all  parallel  planes  will  have  the  same  vanishing  line.  Similarly,  all  lines  lying  in 
the  same  plane  will  have  their  vanishing  points  in  the  vanishing  line  of  that  plane. 
All  planes  or  lines  in  an  original  object  which  are  situated  parallel  to  the  plane  of 
delineation  can  have  no  vanishing  lines  or  vanbhing  points  on  the  plane  of  de- 
lineation. 

16.  A  visual  ray  is  an  imaginary  right  line,  drawn  from  the  eye  to  any  point  of 
observation.  £A  and  £Y,  &c.  are  visual  rays,  being  right  lines  drawn  from  the 
eye  to  the  points  A  and  Y.  Hence  a  number  of  visual  rays  directed  to  every  part 
of  an  object  will  form  a  pyramid  of  rays,  whereof  the  eye  is  the  apex,  and  the  object 
thebaae» 

17.  A  perMpeetive  delineatum^  then,  is  the  section  of  a  pyramid  of  rays  producing  a 
perspective  projection,  and  is  most  commonly  oonudered  as  being  made  between  the 
object  and  the  eye.  But  the  section  of  rays  may  be  taken  when  they  are  extended 
beyond  the  object ;  in  which  case  such  a  section  is  called  a  profeeted  perspective  re- 
presentation of  the  object. 

2407.  It  will  then  be  seen  that  a  knowledge  of  perspective  is,  as  Addison  has  said,  a 
knowledge  of  **  the  scioiee  by  which  things  arc  ranged  in  picture,  according  to  their  ap- 
pearance in  their  real  situation.*' 

8408.  The  situation  of  the  objects  being  given  with  the  plan  and  position  of  the  plane  of 
delineation  and  the  height  and  distance  of  the  eye  of  the  observer,  the  delineation  of  such 
objects  is  truly  determinable  l>y  rule.  The  mechanical  operations  necessary  for  this  pur- 
pose form  the  subject  of  what  follows.  It  is  however  necessary,  before  proceeding  to  lay 
them  before  the  reader,  to  proniae  that  he  must  thoroughly  study  and  understand  the  pre- 
ceding definiticms  before  he  can  proceed  with  profit  to  himself  and  we  recommend  a  repeated 
perusal  of  them  until  that  be  effectually  accomplished. 

2409.    Example  I.     In  Jig,  830.,  No.  1 .,  we  have  the  plan  of   the  original  object 
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EBADCF,  whereof  A  BCD  is  a  cube,  and  BCEF  a  double  cube,  that  is,  twice  the  height 
ofCBAD.  GLis  the  plan  of  the  ground  line ;  S,  the  station  point.  Through  S  draw 
XY  parallel  to  the  plane  of  delineation  GL,  and  draw  SG  and  SL  respectively  parallel  to 
the  sides  £A  and  AD  of  the  united  cubes  A  BCD  and  BCFE  ;  and  these  produced  to  meet 
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the  plane  of  delineation  vill  determine  the  vanishing  points  (Def.  14.)  of  the  horixontal 
lines  A£  and  AD,  and  of  all  other  horixontal  lines  parallel  to  them.  Draw  the  line  SO 
perpendicular  to  GL,  which  line  being  the  direction  of  the  eye  perpendicular  to  the  plane 
of  the  picture  determines  the  point  thereon  to  which  the  eye  should  be  directly  opponte  to 
yiew  it  when  completed,  showing  also  how  much  of  the  object  is  on  one  side,  and  how  much 
on  the  other  of  the  point  of  view.  We  have  now  to  draw  the  visual  rays  SA,  SB,  SE,  SF, 
SC,  SD,  cutting  the  plane  of  the  picture  or  delineation  in  6,  x,  v,  c,  and  d ;  the  point  A  of 
the  nearest  cube  touching,  itself,  the  picture  at  that  point.  The  preparation  on  the  plan 
is  now  completed. 

2410.  The  picture  (No.  2.)  or  plane  of  delineation  is  to  be  prepared  as  follows :  —  First 
draw  the  ground  line  GL,  and  to  such   ground  line  transfer,  by  dropping  verdeals,  the 
points  Kjrbtoe  A  and  tL     Above,  and  parallel  to  GL,  at  such  convenient  height  as  may  be 
necessary  to  show  more  or  less  of  the  upper  sur&oes  of  the  cubes  or  otherwise,  as  desired, 
draw  the  horixontal  line  VZ ;  mark  on  such  horixontal  line  the  point  O,  to  which  the  eye 
is  supposed  to  be  perpendicularly  opposite  for  viewing  the  delineation  when  completed. 
All  the  other  preparations  are  obtained  from  the  plan,  and  may  be  obtained  as  follows :  — 
First  set  off  on  the  horizontal  line  VZ  the   points  V  and  Z,  which  are  the  vanishing  points 
of  the  sides  AE  and  AD  respectively.     As  A,  the  nearest  angle  of  the  object,  touches  the 
plane  of  delineation,  it  is  nunifest  that  a  line  verticaUy  drawn  from  that  point  will  be  of  the 
same  height  as  the  object  itself,  that  is,  as  the  figures  are  cubes,  equal  to  A B  or  AD  in  the 
plan  No.  1.     Take,  therefore,  AB  No.  9.  of  the  height  required,  and  draw  the  lines  BV 
and  AV,  also  AZ  and  BZ,  which  being  croaeed  by  verticals  carried  up  from  xhwed  will 
determine  the  points  he  and  i  at  the  bottom,  and  in  /and  h  at  the  top,  and  pq  and  r  in  the 
part  where  the  cube  is  double  the  height.     Drawing  AV  it  is  intersected  by  the  verticals 
from  the  visual  rays  at  e  and  w,  cutting  in  g  and  a.     The  line  KK  forms  another  line  of 
heights,  if  desired,  for  finding  the  height  Fq ;  indeed,  by  continuing  any  line  BC  (No.  1.) 
to  K,  intersecting  the  picture,  a  line  of  height  may  be  obtained.     The  representation  of  the 
cube  marked  A  will  be  understood  without  difficulty,  if  what  has  preceded  be  well  com- 
prehended.    As  by  Definition  15.  we  have  seen  that  all  planes  or  lines  in  an  original  object 
situated  parallel  to  the  plane  of  delineation  have  no  vanishing  lines  or  points  in  the  plane 
of  delineati<m,  so  two  of  the  sides  of  the  cube  will  be  bounded  by  horixontal  and  vertical 
lines,  inasmuch  as  those  sides  lie  parallel  to  the  plane  of  delineation.     The  vanishing  points 
for  the  other  lines  will  of  course  be  found  in  O,  which  passes  through  the  picture  at  right 
angles  to  it  from  S,  the  station  point 

2411.  Example  II.  To  find  the  representation  of  a  quadrangular  building,  situated 
inclined  to  the  picture^  covered  with  a  single  spanned  roof,  having  a  gable  at  each  end. 

2412.  Let  the  rectangle  ABCD  (Na  4.)  (Jig.  831.)  be  the  plan  of  the  building,  the 
line  EF  will  be  the  place  of  the  ridge  of  the  roof  extending  from  end  to  end.  Let  the  line 
QL  be  the  place  of  tiie  plane  of  delineation,  and  let  S  be  the  station  point. 

241 S.  Find  O  the  centre  of  the  picture,  also  the  points  Q,  and  L,  the  vanishing  points 
of  the  lines  AB  and  AD,  and  their  parallels,  by  lines  drawn  fit>m  S  parallel  to  such  lines, 
and  intersecting  the  picture.  Produce  the  face  of  the  building  AD  to  I  for  an  intersection 
with  the  picture,  and  draw  the  visual  rays  intersecting  the  ground  line  of  the  picture 
in  the  points  beaf  and  d.  These  need  not,  however,  be  drawn  beyond  the  plane  of 
delineation. 

2414.  Prepare  the  picture  (No.  5.)  by  drawing  the  horizontal  and  ground  lines  VZ  and 
G  R  at  any  distance  from  each  other  at  pleasure ;  fix  upon  the  centre  of  the  picture  O,  and 
draw  the  vertical  line  OO;  set  off  the  distances  of  the  vanishing  points  OV  and  OZ,  equal 
the  distances  o"  the  vanisliing  points  OQ,  and  OL  in  No.  4.  Dlraw  the  intersecting  line 
IL  (No.  5.),  and  all  the  visual  lines,  through  the  points  beaf  and  d,  taken  from  their 
respective  places  and  distances  beafund  d  (No.  4.),  and  proceed  as  follows :  — 

2415.  On  the  intersecting  line  IL  (No.  5.)  set  up  the  height  IK  equal  to  the  height  of 
the  building  BC  or  HG  (Nos.  1.  and  2.),  and  draw  the  lines  KZ  and  IZ,  determining  the 
plane  gmop  for  the  front  of  the  building.  Draw  the  lines  mV  and  gV,  determining  the 
end  of  the  building  phim.  It  now  remains  to  place  the  roof,  which  is  readily  done^  but 
which,  however,  requires  some  circumspection  in  the  process. 

2416.  Place  the  height  of  the  roof  XD  (No.  1.)  on  the  intersecting  line  at  IL  (No.  5.), 
and  draw  LZ,  which  will  give  the  height  of  the  roof  on  the  angular  line  of  the  building  gm 
at  r ;  from  which  spot  it  may  readily  be  transferred  to  its  proper  place  in  the  visual  line  ek  by 
the  line  rV,  which  cuts  the  line  ek  in  the  point  A,  the  point  required.  From  the  point  k 
draw  the  lines  At  and  Am,  completing  the  gable  end  of  the  building.  Draw  the  ridge  of  the 
roof  AZ,  cutting  the  end  vlsu^  line,  in  the  point  n ;  and  lastly,  draw  the  line  no,  completing 
the  whole  linear  delineation  of  the  building  ghiknop.  It  is  to  be  observed,  that  whatever 
original  plane  is  produced  to  the  picture  to  obtain  an  intersection,  such  intersection 
serves  only  to  obtain  heights  in  the  direction  of  that  plane ;  whence  they  may  be  transferred 
to  other  planes  in  contact  with  it,  as  in  the  present  instance.  The  intersecting  line  IL 
(No.  5.)  is  the  intersecting  line  of  the  plane  gmop\  hence  any  original  height  set  up 
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thereon  can  only  be  transferred  throughout  the  direction  of  that  plane.  Thus  the  height 
of  the  roof  IL  was  transferred  by  the  line  LZ  along  that  plane  to  its  other  extremity  »  ; 
but  the  line  r$  is  not  the  place  of  the  ridge  i^  the  roof,  which  lies  in  the  middle  of  the 
plane  gkikm,  proceeding  from  the  point  k ;  but  any  height  on  the  angular  line  gr  is  easily 
transferred  along  that  plane  by  means  of  its  horizontal  vanishing  point  V,  by  which  means 
the  height  of  the  roof  was  obtained  by  the  line  rV  at  k.  If,  instead  of  the  plane  over  the 
line  AD  (No.  4.)  being  produced  for  an  intersection,  the  plane  of  the  middle  of  the  house 
in  the  direction  of  the  ridge  of  the  roof  had  been  drawn,  and  the  height  of  the  roof  had 
been  set  up  on  that  line,  it  would  at  one  application  be  transferred  to  its  proper  place. 

9417.  Let  the  line  F£  (No.  4.)  be  produced  to  P  for  an  intersection,  set  off  the  distance 
OP  at  OP  (No.  5.),  and  draw  the  intersecting  line  PR.  On  PR  set  up  the  height  of  the 
ridge  of  the  roof  equal  XD  (No.  1.),  and  draw  the  ridge  line  RZ,  and  it  determines  the 
exact  ridge  of  the  roof  between  the  proper  visual  lines,  and  will  be  found  to  correspond 
exactly  with  the  ridge  obtained  by  the  former  process. 

24  J  8.  The  roof  may,  however,  be  found  by  another  process,  thus: — The  slant  lines  of  the 
roof  have  their  vanishing  points  on  the  picture  as  well  as  any  other  direction  of  lines  in  the 
same  object.  The  line  km  (No.  5.)  being  in  the  vertical  plane  ghikm^  will  have  its  vanish- 
ing points  somewhere  in  the  vanishing  line  of  that  plane.  (Def.  15.)  A  vertical  line 
dnwn  through  the  horiaontal  vanishing  point  V  will  be  the  vanishing  line  <^  the  plane 
gkikm ;  therefore  the  vanishing  point  of  the  lines  Am,  At,  and  of  all  lines  parallel  to  them, 
will  be  somewhere  in  the  vertical  GVXQ. 

2419.  Two  lines  drawn  from  the  eye  parallel  to  any  two  lines  in  an  object,  finding  their 
vanishing  points,  will  make  the  same  angle  at  the  eye  as  the  lines  in  the  object  make  with 
each  other ;  for  the  two  lines  in  the  one  instance  are  respectively  parallel  to  the  two  lines 
in  Uie  other. 

2420.  The  line  SQ  is  drawn  from  the  station  S  parallel  to  the  line  AB  (No.  4.^  and  a 
line  drawn  from  the  station  S,  making  the  same  angle  with  SQ,  as  ED  does  with  EC, 
(No.  1.),  will  find  the  vanishing  point  of  the  line  ED,  and  this  point  must  be  evidently 
somewhere  in  a  vertical  line  through  the  point  Q.  To  obtain  this  point  in  practice,  take 
the  distance  of  the  vanishing  line  it  is  in,  that  is,  the  length  from  S  to  Q  in  the  compasses, 
and  set  off  the  same  in  the  horixon  (No.  5. )  from  V.  to  W.  At  the  point  W  make  an  angle 
VWX  equal  to  the  inclination  of  the  roof,  that  is,  equal  to  the  angle  CED  (No.  1.),  and 
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produce  the  line  till  it  intersects  the  vertical  line  through  the  vanishing  point  V  in  the 
horixon  in  the  point  X.  The  point  X  will  be  the  vanishing  point  of  the  line  of  the  roof  km 
(  No.  5. ),  and  of  the  line  no,  parallel  to  it.  The  slant  lines  of  the  roof  km  and  no,  already 
obtained,  will,  on  application  of  a  ruler,  be  found  to  tend  to  the  point  X^  as  above  stated. 

2421.  In  the  same  way  the  line  of  the  rooiki  (No.  5.)  will  aim  have  its  vanishing  point* 
and  in  the  same  vertical  line  GVQ^  It  will  be  found  to  be  as  much  below  the  horizontal 
vanishing  point  V  as  the  point  X  is  above  it.     (Def.  14.) 

2428.  Let  the  line  AB  (No.  6.)  be  the  line  of  the  horison,  and  CD  the  vanishing  line  of 
a  vertical  plane,  being  the  gable  end  of  a  house,  and  let  the  angle  ABC  be  that  of  inclina- 
tion, finding  the  vanishing  point  of  the  slant  lines  of  a  roof  in  one  direction.  Let  the 
line  BD  be  the  line,  finding  the  vanishing  point  of  the  slant  lines  in  the  other  direction, 
having  the  same  inclination  to  an  horizontal  line;  then  the  angle  ABD  will  be  equal  to 
the  angle  ABC,  and  the  distance  AD  equal  to  the  distance  AC. 

2423.  Example  III.  To  find  the  representation  of  a  quadrangular  building  situated 
inclined  to  the  picture,  covered  with  a  single  hipped  roof. 

2424.  Let  the  quadrangle  GDHK  (No.  7.)  be  the  plan  of  the  building;  the  line  MN 
will  reproent  the  ridge  of  the  roof.  The  former  line  QL  may  be  the  place  of  the  plane  of 
delineation,  and  it  may  be  viewed  from  the  same  station  S.  The  position  and  direction  of 
the  lines  of  this  object  being  the  same  as  those  of  the  last  example,  the  preparatory  lines 
will  also  answer  for  this.  We  have  then  only  to  draw  the  visual  rays  MS^  NS,  CS,  PS, 
and  KS,  intersecting  the  picture  in  the  points  m,  nt  g,p,  and  k,  and  to  produce  the  line  DG 
for  an  intersecting  point  at  R. 

2425.  Prepare  the  picture  (No.  8.)  ;  let  the  line  VZ  be  the  horizon,  GR  the  ground 
line,  O  the  centre  of  the  picture,  and  the  points  m,  n,  ^  />,  and  k  coresponding  with 
>"t  "f  fftP  *nd  k.  (No.  7.)  Draw  the  vbual  line  lines  through  those  points  and  the  intersect- 
ing point  R,  and  proceed  as  follows :  — 

2426.  On  the  intersecting  line  RE  set  up  the  height  RT,  equal  the  height  of  the 
object  HG  (No.  2.),  and  draw  the  lines  TV  and  RV,  cutting  the  visual  lines  of  the  front 
of  the  building  in  the  points  z  and  o,  y  and  p,  determining  the  plane  ppoz  for  the  represent* 
ation  of  the  plane  of  the  front  From  the  angular  points  x  and  y  draw  the  lines  zw  and  yx 
to  their  vanishing  point  Z  determining  the  plane  yzwx  for  the  end  of  the  building. 

2427.  On  the  mtersecting  line  set  up  the  height  of  the  roof  T£  equal  the  height  NK 
(No.  S.),  and  draw  £V  cutting  the  angular  visual  line  of  the  building  in  the  poipt  e,  from 
which  point  draw  the  line  «x,  cutting  the  visual  line  pa  in  the  point  a,  the  point  of  direction 
of  the  ridge  of  the  roof.  Draw  the  line  a  V,  which,  cutting  the  visual  lines  through  the  points 
m  and  n  in  the  points  ^and  v,  determines  the  exact  position  of  the  ridge  of  the  roof  fv,  which 
is  the  representation  of  OP  (No.  3.),  or  of  the  ridge  MN  (No.  7.) ;  draw  the  lines  to,  vx^ 
and  vwi  which  will  complete  the  whole  representation  required.  In  Now  8.,  if  the  lines 
az  and  aw  be  drawn,  they  will  form  a  gable  end  yxawx,  of  which  the  point  a  is  the  point  of 
the  gable,  and  will  answer  for  the  direction  of  the  ridge,  whether  it  be  a  gable  end  or  a 
hip{^  roof,  for  in  both  cases  it  lies  in  the  middle  of  the  breadth  of  the  house ;  wherefore 
the  line  a  V  answers  as  well  the  edge  of  a  hipped  roof  as  of  a  gable  end. 

2428.  In  examining  the  plans  (Nos.  4.  and  7.^  of  the  two  buildings,  it  will  be  seen  that 
they  are  placed  at  right  angles  to  each  other,  and  in  contact  at  the  point  D,  so  that  the 
second  example  might  have  been  easily  accomplished  from  the  first,  without  the  aid  of 
another  intersection  and  other  preparatory  lines,  than  the  additional  visual  rays  from  the 
angles,  which  the  student  will  have  surely  no  difficulty  in  carrying  through,  without  the 
necessity  of  encumbering  these  pages  with  the  detaiL 

2429.  Example  IV.  In  fig.  832.  No.  1.  is  the  general  plan  of  a  church  similar  to 
many  country  churches.  A  BCD  is  the  main  body  of  it;  EFGH  its  tower;  IKLM  and 
MLNO  subordinate  parts  of  the  building,  and  abod  the  porch.  No.  2.  is  its  geometrical 
elevation ;  the  ends  and  measurements,  AB  and  BC,  answering  to  IM  and  MO  in  No.  1., 
and  the  points  of  the  roofs  D,  £,  and  F.  (No.  2.)  answering  to  the  lines  of  the  ridges 
Q,R,  TV,  and  PL,  No.  1 .  To  find  the  perspective  representation  of  this  building  on  the 
plane  of  delineation  YZ,  the  station  being  at  S,  the  following  is,  perhaps,  the  readiest 
process. 

2430.  Find  the  vanishing  points  Y  and  Z  of  the  horizontal  lines  <ii  the  building  by  the 
lines  SY  and  SZ  being  drawn  from  the  station  parallel  to  them.  O  is  the  centre  of  the 
picture.  Draw  the  visual  rays  from  the  visible  angles  of  the  object  in  direction  to  the 
station  S,  to  intersect  the  plane  of  delineation. 

2431.  When  a  complicated  object,  that  is,  one  composed  of  many  parts,  is  to  be  drawn, 
it  requires,  of  course,  a  great  number  of  visual  rays  for  the  precise  determination  of  those 
parts,  and  the  whole  together  forms  an  apparently  confused  number  of  lines.  The  eye^ 
however,  which  views  them  properly,  does  not  perceive  that  confusion ;  and,  if  it  perplex 
the  student,  different  coloured  inks,  or  of  different  shades  of  depth,  may  be  used  to  parti- 
cularise different  parts.  In  the  delineation  of  such  an  object  as  the  present  example,  the 
most  important  consideration  is  the  choice  of  a  proper  intersection ;   fbr  though  any  inter- 
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section  will  do,  that  should  be  chosen  which  unites  most  parts  in  its  direction  with  the 
greatest  exactness  and  the  least  trouble.  In  the  case  under  consideration,  none  seems 
more  eligible  than  the  direction  of  the  roof  PLM,  which  produce  to  W. 

2432.  In  the  picture  No.  3.,  (7L  is  the  ground  line,  GV  the  height  of  the  horizon, 
the  line  VX  being  then  the  horizontal  line.  O  in  the  horizon  is  then  the  centre  of  the 
picture,  from  which,  place  the  distances  of  the  horizontal  vanishing  points  OV  and  OX 
equal  OY  and  OZ,  No.  1.  AB  (No.  S.)  is  the  intersecting  line,  and  all  the  visual  lines 
on  the  plane  of  delineation  arc  drawn  conformably  to  their  intersections  on  the  ground 
line  in  the  plan.  On  the  intersecting  line  the  height  AC  is  made  equal  to  the  height  AG 
of  the  elevation  No.  2. ;  and  the  lines  Ce  and  Aa,  being  drawn  in  direction  to  the  vanishing 
point  V,  determine  the  height  ae ;  being  the  height  of  that  part  of  the  building  on  the  visual 
line  answering  to  the  ray  from  the  point  1^  in  the  plan  No.  1 .  Through  the  points  o  and  t 
draw  the  lines  de  and  bf  to  their  vanishing  point  X,  determining  the  plane  bdef,  the  repre^ 
sentation  of  the  plane  AGHC,  No.  2.;  the  visual  lines  bd  ana  fe  answering  to  the  rays 
from  the  points  I  and  O  in  the  plan.  Draw  the  lines  dh  and  bg  tending  to  their  vanishing 
point  V,  to  the  ray  from  K  in  the  plan  completing  the  plane  bghd.  On  the  intersection 
make  the  height  AD  equal  to  the  height  of  the  roof  NE  of  the  elevation  No.  £.,  and 
draw  Di  in  direction  to  V.  Through  t  draw  the  line  kl  to  the  vanishing  point  X,  touching 
the  visual  lines  of  the  rooBi  in  the  points  k  and  L  Draw  the  lines  Am,  mA,  kd,kc,  Ic  and  2e, 
which  will  complete  the  whole  of  the  structure  over  the  plan  IKNO,  No.  1. 

2433.  The  height  of  the  rooft  of  the  low  buildings  is  equal  to  the  height  of  the 
upright  walls  of  the  body  of  the  building,  as  shown  by  the  line  PR  in  the  elevation  No.  2. ; 
hence,  the  line  mOt  and  the  return  line  on,  may  be  drawn  to  the  visual  lines  corresponding 
with  the  intersections  from  the  angles  A  and  B  of  the  plan  FVom  the  angle  p  the  line  ff$ 
may  also  be  drawn,  which  will  determine  the  lines  sr,  rt,  and  tp  of  the  porch.  Make  AE 
on  the  intersection  equal  to  the  height  of  the  roof  BF  in  the  elevation,  and  draw  the  line 
£V  determining  the  ridge  of  the  roof  between  the  two  visual  lines  from  the  points  P  and 
L  of  the  plan.  Draw  the  lines  of  the  gable  end  vo  and  vz%  the  point  z  being  obtained  by 
the  line  om  drawn  to  its  vanishing  point  X,  cutting  the  visual  line  from  the  angle  D  of 
the  plan  in  the  point  z. 
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2434.  Make  AG  and  AF  on  the  intersection  equal  to  the  heights  of  the  tower  BO  and 
BM  of  the  elevation,  and  draw-  the  lines  GV  and  FV  cutting  the  visual  line  from  P  in  the 
plan,  in  the  points  a  and  b  ;  through  which  points  draw  the  lines  ac  and  ef  to  their  vanish- 
ing point  X ;  and  the  lines  cd  and  e^  to  their  vanishing  point  V ;  the  points  ^,  e,  and /being 
in  the  proper  visual  lines  from  the  angles  of  the  tower  F,  £,  and  H  in  the  plan.  The 
tower  will  be  completed  by  drawing  the  lines  dg,  dt,  oe,  and  af. 

2435.  This  example  elucidates  the  general  practice  of  vanishing  points,  which  are  as  well 
to  be  obtained  of  other  positions  of  lines  as  horiaontal  ones.  It  is  not  always  that  the 
vanishing  points  of  inclined  lines  are  required,  but  they  are  often  useful,  and  sometimes 
absolutely  necessary.  In  the  geometricid  elevation  No.  2.  the  lines  MO,  PF,  GD,  IE  are 
all  parallel  lines,  as  also  are  the  lines  OV,  FR,  £H,  and  DI,  and  though  situated  in  dif- 
ferent, yet  they  are  in  parallel  planes,  and  will  therefore  have  a  common  vanishing  point. 
A  line  drawn  perpendicularly  to  the  horizon  through  the  vanishing  point  X  (jfy.  3.),  as 
LQ«  will  be  the  vanishing  line  of  the  plane  cS  the  end  of  the  church  over  the  line  lO  of  the 
plan,  also  of  the  end  of  the  body  AD,  likewise  of  the  side  of  the  tower  EH  ;  and  a  line 
drawn  through  the  point  V  (No.  3.)  perpendicularly  to  the  horizon,  as  GM,  will  be  the 
vanishing  line  of  the  planes  over  the  lines  (No.  1.)  IK,  AB,  a6  of  the  porch,  and  F£  of  the 
tower,  and  all  lines  in  those  planes,  or  the  boundaries  of  those  planes,  will  have  th^r 
vanishing  points  somewhere  in  those  vanishing  lines. 

2436.  To  obtain  the  vanishing  points  of  the  inclined  lines  of  the  roofr  and  tower,  take 
the  distance  of  the  vanishing  point  Z  from  the  station  S  in  the  compasses,  and  apply  it  on 
the  horizon  from  X  to  H.  At  the  point  H  make  an  angle  with  the  horizontal  line  equal 
the  angle  of  the  roofs  aPc  (No.  2.);  the  curve  KI  and  the  distance  of  it  from  the  centre 
H  being  equal  to  the  curve  oc,  and  distance  of  it  from  its  centre  P:  then  is  the  angle  KHI 
equal  to  the  angle  of  the  roof  aPc  (No.  2.).  Produce  the  line  HK  to  Q;  Q,  will  be  the 
vanishing  point  of  the  line  ta  of  the  tower,  also  of  the  parallel  lines  09,  dk,  and  d,  which, 
though  obtained  by  a  difierent  process,  will  all  be  found,  by  application  of  a  ruler,  to  tend 
truly  to  that  point,  as  is  shown  by  the  dotted  lines  in  the  example  Pkt»ceeding  in  the 
same  way  with  the  distance  of  the  vanishing  point  Y  from  the  station  S^  we  obtain  the 
vanishing  point  of  the  same  inclination  of  lines  in  the  other  planes  of  the  object.  Take  the 
length  S  Y  in  the  compasses,  and  set  it  off  on  the  horizon  from  V  to  N.  At  the  point  N 
make  an  angle  INT  on  the  horizon  equal  the  angle  KHI,  that  is,  equal  the  angle  of  in- 
clination of  the  roof  aPc  (No.  2.).  The  line  NT  produced  to  M  in  the  vanishing  line 
GM  will  be  the  vanishing  point  of  the  line  de  of  the  top  of  the  tower,  also  of  the  lines  vS 
and  y5  of  the  porch  (the  inclination  of  the  roof  of  the  porch  being  the  same  as  the  other 
roofs  of  the  body  of  the  church),  as  shown  by  the  dotted  lines  in  the  example.  Tlie 
walls  of  the  porch  are  obtained  from  the  height  AP  on  the  intersection,  equal  the  height 
AT,  No.  2.,  Pm  being  drawn  to  the  vanishing  point  V,  and  mn  to  X,  give  the  lines  nS^  53, 
and  32.  We  may  observe  that  the  inclined  lines  af,  le,  he,  and  vz  have  a  common  vanish- 
ing point,  which,  if  required,  may  be  obtained ;  it  will  be  in  the  same  vanishing  line  with 
the  point  Q,  and  as  much  below  the  horizontal  vanishing  point  X  as  the  point  Q  is  above 
it,  to  which  point,  were  it  obtained,  the  lines  already  drawn  will  be  found  exactly  to  tend.  It 
is  seldom  absolutely  necessary  to  liave  both  those  points ;  in  this  instance  one  only  of  them, 
the  point  Q,  is  obtained,  which  answers  every  end  required  of  both  ;  for,  supposing  it  were 
left  to  that  vanishing  point  for  finding  the  inclined  lines,  the  visual  lines  being  drawn,  and 
the  heights  of  the  upright  walls  being  found,  the  line  dA  being  drawn  in  direction  to  the 
vanishing  point  Q.  determines  one  side  of  the  gable  end  at  the  visual  line  in  the  middle  ; 
the  other  is  accomplished  by  joining  the  points  k  and  c  together.  So  of  the  other  gable, 
d  being  drawn,  U  is  also  had  by  joining  together  the  points  I  and  e. 

2437.  To  complete  the  whole,  draw  the  line  >9  on  the  tower  from  the  point  x  to  the 
angle  of  the  tower,  in  direction  to  the  vanishing  point  Q. ;  then  draw  the  lines  9A  and  nh  to 
their  proper  visual  lines  and  vanishing  points  V  and  Q*  The  putting  on  of  the  spire  re- 
quires some  consideration,  and  in  it  we  must  proceed  with  some  thought  and  care.  The 
base  of  it  is  intended  to  be  a  regular  octagon.  If  the  two  external  lines  in  the  geometrical 
elevation  of  the  spire  be  continued  till  they  touch  the  sides  of  the  tower,  as  is  done  at  K 
and  L  (No.  2.),  and  an  octagon  be  there  constructed,  extending  the  square  of  the  tower,  it 
will  be  the  base  of  the  spire.  Set  up  the  height  of  the  spire  BW  (No.  2.)  on  the  inter- 
section (No.  3.)  at  B  ;  idso  the  height  of  the  base  line  KL  at  R,  and  draw  the  lines  BV  and 
IIV ;  the  first,  cutting  the  visual  line  through  the  centre  of  the  tower  in  the  point  O,  de- 
termines the  height  of  the  spire ;  the  other,  cutting  the  tower  in  the  point  «,  determines  its 
base.  Through  the  point  u  draw  a  line  round  the  lower,  and  find  the  points  of  the  octagcm 
in  the  middle  of  each  face  of  the  tower,  to  which  let  lines  be  drawn  fix>m  the  top  O,  and 
the  whole  will  be  completed,  as  shown  in  the  example. 

2438.  Thus  have  we  gone  through  the  process  of  finding  the  representation  of  rather  a 
complicated  object  with  as  little  confusion  of  lines  as  possible ;  but  one  thing  succeeding 
another,  and  each  being  required  to  remain  for  the  student's  observance,  the  whole 
unavoidably  becomes  intricate.     Indeed^  it  is  not   now  so  perfectly  executed  but  that 
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something  remains  for  the  student  to  complete,  which  must  result  from  his  own  study  or 
occupy  more  space  than  all  we  have  already  written  on  it  We  allude  to  the  intersections 
that  take  place  at  the  lodgment  of  the  spire  on  the  top  of  the  tower,  to  elucidate  which  it 
is  drawn  to  a  larger  scale  at  No.  4.,  the  mere  inspection  whereof  will  convey  a  full  and, 
we  hope,  satisfactory  idea  of  what  we  advert  to.  The  student  has  been  left  to  complete 
the  base  of  the  octagon,  a  process  so  simple  that  we  cannot,  if  he  retain  what  he  has  read, 
believe  he  will  find  difficulty  in  accomplishing,  either  by  visual  rays  or  otherwise.  It  is 
next  to  an  impossibility  to  describe  intricate  matters  like  these  so  as  to  leave  nothing  for 
the  exercise  of  the  reader's  judgment;  for,  however  copious  the  instruction,  there  will 
always  remain  sufficient  unexplained  to  keep  his  mind  in  action,  and  afford  him  the  oppor- 
tunity of  exercising  his  own  ingenuity. 

2439.  Example  V.     In  /!p.  833.  the  objects  X  and  Y  are  plans  of  columns  with  bases 


and  capitals,  whose  general  forms  are  shown  at  X  and  Y  (No.  1.).  YZ,  as  before,  is  the 
plane  of  the  picture,  S  the  station  point.  The  picture,  as  previously,  is  prepared  with  the 
vanishing  points  VZ,  and  the  ground  line  GL.  OO  is  the  central  line  of  the  picture,  and 
BA,  BA  are,  it  will  be  seen,  lines  of  height. 

S440.  In  the  squares  X  and  Y  the  dotted  lines  show  the  diagonals  and  boundaries  of 
squares  inscribed  in  the  circles,  by  which  so  many  more  lines  are  gained  for  obtaining  the 
curves  which  the  circles  form  in  the  perspective  representations.  The  visual  rays  are 
drawn  as  in  the  preceding  examples,  and  transferred  to  the  picture,  the  process  being,  in 
fact,  nothing  more  than  making  squares  following  the  profiles,  which,  at  the  different 
heights,  guide  the  formation  of  circles  within  and  around  them,  of  which  the  upper  ones 
only,  for  preventing  confuaon,  are  shown  in  the  perspective  representation.  In  each 
series,  the  extreme  width  of  the  appearance  of  the  circle  may  be  obtained  by  visual  rays,  as 
at  bf  6,  b. 

2441.  At  Z  and  z  (Nos.  3.  and  2.)  are  the  plan  and  elevation  of  an  arcade,  from  which 
it  will  be  seen  that  the  principle  of  inscribing  squares  and  diagonals  is  equally  applicable 
to  the  vertical  representation  of  circles.  Presuming  that  we  have  sufficiently  described  the 
diagram  to  enable  the  student  to  proceed  in  drawing  the  examples  at  large,  we  shall  now 
submit  an  example  of  general  application. 

2442.  Example  VI.  In  Jiff,  834.  YZ  is  the  plane  of  delineation,  and  the  plan  of  the 
building,  with  its  projections,  roof,  and  chimneys,  is  shown  in  No.  I.  In  practice,  this  is  ge- 
nerally niade  on  a  separate  drawing  board,  to  enable  the  draughtsman  to  make  his  perspective 
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outline  without  injury  from  constantly  working  over  the  paper.  Here  the  vaniahing  points 
are  too  distant  to  be  shown  on  the  diagram ;  but  the  reader,  from  the  tendency  of  the 
several  lines,  will  easily  find  where  they  lie.  In  the  same  manner,  he  will  find  whereabout 
the  station  point  is  placed.  B  A,  B  A,  B  A,  No.  2.,  are  lines  for  the  transference  of  the  heights. 
The  projection  of  the  cornice  is  dotted  round  the  leading  lines  of  the  building  on  the  plan. 
The  rest  of  the  figure  cannot  fail  of  being  understood  and  put  in  practice  by  the  student 
who  has  made  himself  master  of  the  preceding  examples. 

2443.  We  shall  now  turn  to  a  point  whereon  much  difference  of  opinion  has  prevailed, 
namely,  the  adjustment  of  what  may  generally  be  considered  the  best  angle  of  vision,  within 
which  objects  should  be  seen  to  obtain  the  most  agreable  representation  of  them.  For  as 
this  angle  is  enlarged  or  decreased  by  viewing  the  objects  at  greater  or  less  distances,  their 
appearance  will  vary,  and  their  delineation,  m  consequence,  be  affected  thereby,  and  dis- 
tortion of  the  objects  will  be  the  result. 

2444.  By  the  angle  of  vision  or  angle  of  view  is  understood  the  eipansion  of  the  lines 
proceeding  from  the  eye,  by  the  two  extreme  visual  rays 
embracing  the  whole  extent  of  the  view,  and  this  whe- 
ther it  consists  of  one  object  or  of  many.  Let  A  (fy. 
835. )  represent  the  plan  of  a  mansion ;  let  B  be  the 
outhouse  contiguous  to  the  mansion,  and  let  the  places 
of  trees  be  at  CCC  and  DDD.  Let  S  be  the  station 
or  point  of  view  from  which  the  whole  is  seen.  Con- 
sidering the  mansion  A  as  a  lone  object,  the  extreme 
visual  rays  So  S&  form  at  the  eye  the  angle  aSb ;  then 
aSb  'iB  the  angle  of  view  under  which  that  object  is 
seen,  Sa  and  Sb  being  the  two  extreme  visual  rays  em- 
bracing the  whole  extent  of  the  object.  Again,  if  the 
outhouse  B  be  taken  as  a  single  object,  then  will  the  ex- 
treme visual  rays  cS  and  dS  form,  at  the  eye,  the  angle 
cSdy  being  the  magnitude  of  the  angle  under  which 
that  object  is  seen.  So  of  any  object,  tlie  visual  rays 
tliat  embrace  its  whole  extent  form  the  angle  of  view 
under  which  it  is  said  to  be  seen.  It  is  then  mani- 
fest that  the  angle  of  view  will  be  either  large  or  small,  as  the  eye  is  near  to  or  remote  from 
the  object     Suppose  both  the  objects  A  and  B  are  to  be  taken  into  the  view,  with  the  ad- 
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dition  of  the  trees  to  their  right  and  left.  Let  visual  rays  be  drawn  from  the  trees  on  both 
sides  to  the  station  S.  The  angle  CSD  is  the  angle  of  view  under  which  the  whole  extent 
is  seen,  and  the  rays  CS  and  DS  are  denominated  the  extreme  visual  rays  of  the  view. 

2445.  Objects  may  not  only  be  placed  too  near  the  eye  for  comfortably  viewing  them, 
but  they  may  be  so  nearly  placed  to  the  eye  as  to  give  it  pain.  The  eye  only  contemplates 
a  small  portion  at  a  time ;  it  is  only  by  its  celerity  and  continual  motion  that  it  becomes 
perfectly  sensible  of  a  whole  and  of  the  many  forms  whereof  it  is  composed.  But  when  an 
object,  or  many  objects,  widely  extended,  are  placed  too  near,  the  traverses  of  the  eye  in 
viewing  the  whole  become  painful.  Every  one  must  have  experienced  that  this  is  so,  and 
why  so  we  must  leave  to  others  to  account  for.  When  the  eye  is  removed  to  an  agreeable 
distance,  the  extent  of  the  view  to  be  delineated  is  at  once  seen  without  turning  the  head  to 
one  side  or  the  other,  so  that  all  the  objects  are  at  once  comprehended. 

2446.  In  taking  a  view,  the  turning  of  the  head  is  to  be  avoided.  The  view  should  on 
no  account  comprise  a  greater  extent  than  can  be  taken  by  a  coup  d*cBil,  or  than  can  be 
viewed  by  the  traverse  of  the  eye  alone ;  and  this  necessarily  confines  the  extent  of  that 
with  which  we  have  to  deal,  and- brings  the  angle  of  view  within  certain  limits.  What  the 
eye  can  contemplate  without  trouble  it  views  with  pleasure,  and  beyond  a  certain  extent 
the  eye  becomes  distracted. 

2447.  Smallness  of  object  has  no  relation  to  the  angle  of  view  ;  a  die,  or  the  smallest 
possible  object,  may  be  brought  so  near  the  eye  as  to  give  pain  in  looking  at  it,  and  a  large 
extent  of  view  may  be  contemplated  with  as  much  ease  as  a  small  one,  by  merely  placing 
the  lai^er  one  at  a  greater  distance.  If  the  place  of  the  plane  of  delineation  be  at  FG, 
then  FSG  will  be  the  angle  of  view.  If  a  section  of  the  same  visual  rays  be  taken  at  HI, 
then  HI  will  be  the  extent  of  the  picture,  and  the  angle  HSI  is  the  angle  of  view ;  but 
the  angles  FSG  and  HSI  are  the  same,  therefore  the  eye  views  both  with  equal  satis- 
faction: but  in  this  case  one  must  be  placed  at  the  distance  SO,  and  the  other  at  the 
distance  SP. 

2448.  The  attempt  to  select  an  angle  suitable  to  all  the  cases  that  may  occur,  as  the  best 
angle  of  view,  would  be  as  vain  as  it  would  be  absurd.  Difierent  subjects  require  different 
treatment  External  subjects  differ  from  internal  ones ;  and  the  last  from  each  other,  accord- 
ing to  circumstances.  Some  authors  on  the  subject  have  laid  it  down  as  a  rule,  that  the 
greatest  distance  of  the  eye  from  the  picture  should  not  exceed  the  width  of  the  picture 
laterally,  which  makes  the  angle  of  view  about  53  degrees ;  others  have  insisted  that  the 
distance  should  be  less,  requiring  that  the  angle  of  view  should  not  be  smaller  than 
GO  degrees ;  and  others  allow  of  a  still  larger  angle.  The  elder  Malton,  and  his  son,  to 
whom  we  are  indebted  for  all  that  is  valuable  in  this  section,  and  whose  (both  of  them) 
experience  in  the  matter  was  very  extended,  advise  that  the  angle  of  view  should  never 
exceed  from  58  to  60  d^prees ;  the  former  reconmiending  an  angle  of  45  degrees  as  the 
best,  because  neither  too  large  nor  too  smalL  The  elder  Malton  advises  to  keep  between 
the  one  and  the  other,  that  is,  not  to  let  the  angle  of  view  exceed  60  degrees,  nor  be'  less 
than  45,  the  first  being  likely  to  distort  the  objects,  and  the  last  rendering  them  too  tame 
in  the  outline.  We  can  add,  from  our  own  experience,  that  the  advice  is  sound ;  for 
though,  under  very  particular  circumstances,  it  may  be  necessary  to  use  a  larger  angle  of 
view  than  60  degrees,  such  a  case  does  not  frequently  occur.  Much  must  always  be  left 
to  the  discretion  of  the  artist  in  respect  to  points  which  are  to  guide  the  angle  of  view  he 
adopts.  After  a  little  experience,  he  will  find  that  angle  best  suited  to  the  circumstances 
under  which  his  drawing  is  to  exhibit  the  object  or  objects. 

2449.  Example  VII.  The  principles  upon  which  we  delineate  any  of  the  interior  parts  of 
a  building  are  in  no  wise  different  from  those  used  for  the  representation  of  their  external 
views,  for  it  is  of  course  inunaterial  whether  we  represent  the  external  faces  of  their  sides,  or 
those  which  form  their  internal  faces ;  the  only  difficulty  which  arises  in  making  an  internal 
view  being  that  which  arises  from  the  inability,  on  account  of  the  restricted  distance  under 
which  they  are  in  reality  viewed,  of  placing  the  station  point  at  such  a  distance  as  to  take 
in  a  sufficient  quantity  of  the  objects  to  be  represented.  A  person  placed  in  a  room  can 
of  course  only  see  the  whole  of  one  and  part  of  another  wall ;  in  short,  in  every  direction 
he  cannot  see  comfortably  more  than,  as  we  have  above  mentioned,  forty,  or,  at  the  most, 
fifty,  degrees  of  the  objects  around  him.  On  this  account,  and  for  the  purpose  of  showing 
more  than  in  reality  can  be  seen,  it  is  customary,  and  perhaps  justifiable,  in  order  to  give 
a  more  comprehensive  view  of  the  interior  to  be  delineated,  to  place  the  station  point  of  the 
spectator  out  of  the  room  or  place,  supposing  one  or  more  of  its  sides  to  be  removed.  Tliis 
is,  in  fiict,  a  delusion,  as  is  every  view  of  an  interior  possessing  any  merit  that  has  come 
under  our  notice.  But  for  picturesque  delineation,  it  is  not  only  one  which  is  necessary, 
but  one  without  the  practice  whereof  no  satisfiu^tory  representation  can  be  given  of  an  in- 
terior whose  dimensions  are  not  very  extended,  llie  section  whereon  we  are  now  engaged 
is  not  supposed  to  be  a  treatise  on  Perspective,  but  merelv  a  general  developement  of  its 
principles  so  as  to  give  the  reader  such  a  general  knowledge  of  the  subject  as  may  enable 
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him  to  pursue  it,  if  he  please,  from  the  hints  it  affiirds.     With  this  apology  for  not  pro- 
ducing to  him  a  more  complicated,  though  not  leas  useful  subject,  we  proceed. 

S450.  Fiff.  836.  (No.  1.)  represents  the  plan  of  a  staircase  one  third  the  sise  used  for  the 


Fig.  836. 

purposes  of  the  delineation ;  YZ  (No.  1 . )  is  the  plane  of  the  picture,  O  is  its  centre.  From 
the  data,  therefore,  there  will  be  no  diflSculty  of  obtaining  the  vanishing  points  of  the  sides 
Ya  and  ab.  The  diagram  is  not  encumbered  with  the  visual  rays  necessary  for  the  deline- 
ation, which  we  are  to  suppose  drawn  and  transferred  to  th^  proper  places  on  No.  3., 
wherein  HH  is  the  horifontal  line.  No.  2.  is  a  longitudinal  section  of  tiie  sturcase,  wherein 
are  shown  the  rising  and  descending  steps,  and  the  dotted  line  cd  gives  the  section  of  the 
vaulted  ceiling  over  the  staircase.  It  will  be  immediately  seen  that  the  ends  of  the  steps 
will  be  determined  by  visual  lines,  notwithstanding  the  ascent  and  descent  of  them,  because 
either  is  determined  by  referring  to  any  lines  of  height,  which  may  be  obtained  from  the 
plan  and  section,  by  which  the  portions  seen  of  the  flights  will  be  immediately  found  and 


C>».  IV.  PERSPECTIVE.  Ml 

tnuufeired  to  their  respcctiTe  plua  on  the  picture.     With  tbe«e  otMerratioiu  we  leave  the 

dbgrim  for  the  eierci».  on  a  larger  (cale  than  here  given,  of  the  ingenuity  of  the  rtudent 

3451.   Example  VIII.  The  Uit  penpeotiTe  eiample  to  be  lubmitted  is  that  ^ a  EorniM 


ijig.  837.),  irherein  the  contriTSnee  of  the  elder  Malton  ia  used  tbr  finding  the  plieea 
of  the  moiiilliDns  and  the  other  parts. 

3453.  Let  EM,  FN,  CO  (No.  1.)  reprewnt  the  angle*  of  a  building  in  pertpeetive. 
LMNO  being  the  lower  horiiontal  line  of  the  cornice,  whose  geometri^  elevation  and 
proflle  are  diowD  in  No.  3.  Make  MQ  equal  to  mq  the  depth  of  the  cornice,  supposing 
tbeedgeEQtobe  in  the  plane  of  projection;  drair  PQitS,  &c.  the  lineaofthe  top  of  the 
cornice,  to  their  respective  vanishing  pointi.  Make  QT,  QT'  in  RQ,  PQ,  produced  equal 
to  the  perspective  projection  of  the  eomice  ^.  llien  place  the  depths  of  the  various 
mouldings  aUing  MQ^  and  fix  the  lengths  of  their  projections  on  the  lines  drawn  la  the 
vanishing  points  through  those  in  EQ,  an  operation  which  maj  be  much  &cilitated  by 
drawing  MT.  MT',  by  which,  in  many  plBce^  the  points  of  the  mouldings  are  at  once 
determined,  as  in  the  case  oTthe  topsnd  hollom  of  tbefilleli  of  the  ovolo ;  and  very  often,  if 
the  drawing  is  not  on  a  very  large  scale,  n<  and  iti  perspective  images  MT,  MT',  &c  will 
enable  the  eye  to  proportion  the  moulding^.  Thus  the  perspective  projections  MQ.T, 
MQT'ofthe  sections  of  the  cornice  by  the  planes  of  the  sides  EN,  EL,  supposed  to  be 
prolonged  or  extended,  may  be  found;  and  it  is  manifest  that  lines  through  the  pointa 
of  these  sections  to  the  proper  vanishing  pointa  will  give  the  perspective  forms  of  the  cor- 
nioe  mouldings  ai  they  would  appear. 

3453.  The  lines  found  will  by  their  intersections  supply  the  mitre  MQU;  but  where 
the  scale  is  large,  it  ii  better  to  ohUin  mitre  sections  at  each  principal  angle  of  the  builduig 
u  shown  by  the  lines  MQU,  NRX,  &c  The  planes  of  the  mitres  form,  of  course,  angles 
of  rorty.five  d^rees  with  the  sides  of  the  building  itselt  consequently  the  vanishing  points 
of  QU,  EX,  &C.  may  be  found  by  bisecting  penpectively  the  right  angles  found,  or  by 
drawing  on  the  plan  linea  paraJlel  to  the  diagonal  lines  or  mitres  from  the  station  point  to 
intersect  the  picture.  If  these,  indeed,  are  found  in  the  first  place,  there  would  be  no 
necessity  to  draw  the  square  sections  MQT,  MQT',  inasmuch  as  lines  drawn  from  the 
mouldings  intersecting  the  mitre  sections  to  the  vanishing  pointa  will  st  once  form  the 
perspective  represcnUtion  of  the  cornice.  In  practice,  this  i»  the  usual  mode  of  proceeding, 
because  a  skilful  draughtsman  can  pretty  well  proportion  by  liis  eye  most  raouldmp  as  seen 
In  perspective ;  but  where  great  accuracy  is  required,  the  method  of  proceeding  by  squajro 
sections  is  recommended,  because,  from  the  great  foreshortening  of  the  diagonal  line  "" 
smallest  inaccuracy  of  Intersection  on  it  will  cniiso  very  large  errors  in  the  r 
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When  the  diagonal  sectiona  alone  are  uaed,  it  is  dear  that  the  geometrioal  profile.  No.  S., 
will  not  be  the  same  as  that  formed  by  the  oblique  section  of  the  cornice :  this  last  mu«t 
therefore  be  obtained  from  a  plan  and  elevation  of  the  mouldings  as  shown  in  Na  S. 

2454.  Instead  of  finding  the  square  section  made  by  the  plane  FNGO  at  the  angle  OG, 
it  may  be  drawn  on  the  plane  TQMy  where  it  is  more  readily  found  by  producing  the  lines 
whereby  the  section  TQM  was  obtained :  so  the  lines  T'T",  MO^^  are  set  out  in  per- 
spective equal  to  the  projection  of  the  break  of  the  building  ON :  moreover  by  the  line 
T'O"  we  may  obtain  the  mouldings  of  the  cornice  on  the  fii^  of  the  wall  GH  as  produced 
or  prolonged  to  T'O",  and  conversely  the  cornice  in  perspective  may  be  drawn  from  this 
imaginary  section,  if  it  be  previously  found. 

2455.  Our  next  care  is  to  find  the  vanishing  point  of  the  raking  mouldings,  which  may 
be  found  fivm  what  has  already  been  said,  and  a  perspective  section  must  be  made  of 
these  mouldings  by  means  of  any  vertical  plane  where  most  convenient ;  but  the  best  place 
is  through  the  apex  of  the  pediment,  which,  as  it  could  not,  for  want  of  room,  be  done  in 
the  present  example,  is  taken  through  the  line  oo.  No.  2.,  passing  through  the  extreme 
left  angle  of  the  tympanum  of  the  pediment. 

2456.  As  the  mouldings  of  the  pediment  here  are  of  the  same  depth  and  projection  as 
in  the  horizontal  parts,  they  will  not,  when  inclined,  coincide  with  the  diagoool  section  of 
the  horizontal  cornice  at  OS ;  hence  that  section,  if  found  in  perspective  at  OS»  cannot  be 
used  for  drawing  the  perspective  representation  of  the  pediment  cornice,  except  for  the 
bead  or  fillet  above  the  corona,  which,  from  the  construction  of  the  pediment,  will  coincide 
at  this  mitre,  as  we  may  see  in  No.  2. ;  whence  it  may  also  be  seen  that  the  point  x  does 
not  coincide  with  i.  X'x  cannot,  therefore,  in  the  perspective  representation,  be  drawn 
through  X,  the  point  answering  to  <  in  the  diagonal  section  NRX.  OO'  in  the  line  OH 
u  to  be  made  in  perspective  equal  to  mo,  No.  2.,  and  the  whole  depth  oo,  and  those  of  the 
several  mouldings  on  the  obhque  section,  beinff  set  upon  EQ.  produced,  they  are  to  be 
transferred  to  OO'  by  means  of  the  vanbhing  pomts.  The  distance  O'l  is  the  perspective 
distance  of  the  projection  qt  of  the  cornice  as  before,  and  is  most  readily  obtained  frtmi  the 
section  0"T",  which  is  transferred  to  the  plane  O'l,  and  will  be  easily  comprehended  from 
the  figure,  the  quantity  of  projection  of  each  raking  moulding  of  the  pediment  is  equal 
to  that  of  the  same  moulding  where  horizontaL  Thus  the  perspective  representation  of  an 
oblique  section  made  by  a  plane  passing  through  oo.  No.  2.,  is  obtained,  and  the  mouldings 
are  then  drawn  to  the  vanishing  point  through  the  various  points,  the  line  IX'  cutting 
T"X  in  the  point  corresponding  to  x.  No.  2.  As  to  the  modillions,  their  representations 
are  found  with  less  confusion  bv  planning  them  apart  and  using  visual  rays ;  but  if  no  plan 
is  used,  the  following  method,  invented  by  the  elder  Malton,  may  be  adopted :  — 

2457.  Draw  BC,  the  line  intersecting  the  plane  of  the  sofite  of  the  corona,  Nos.  2.  and 
3.,  through  the  proper  point  ir  in  MQ.  at  right  angles  to  it,  and  draw  xy  to  the  vanishing 
point.  Produce  the  line  corresponding  to  A  in  No.  3.  to  A  in  xy,  and  transfer  A  to  1  in 
BC,  so  as  to  be  proportional  to  it  in  respect  of  the  whole  extent.  Hien  set  off  the  pro- 
portional widths  and  intervals  of  the  modillions,  as  shown  on  Nos.  2.  and  3.  on  BC, 
and  transfer  them  by  means  of  the  same  proportioning  point  by  which  x  was  transferred 
to  1 ;  and  from  the  points  2,  3,  4,  5,  6,  &c.  in  xjf  thus  obtained,  draw  on  the  perspective  of 
the  sofite  by  the  use  of  the  vanishing  point  the  lines  representing  the  tops  of  the  modil> 
lions  corresponding  to  2,  3,  4,  &c..  No.  2.  The  cymatium  round  them  and  the  inner 
angle  of  the  sofite  may  be  drawn  by  the  eye,  or  where  great  accuracy  is  required,  the  mitre 
or  diagonal  sections  may  be  determined  as  for  the  principal  mouldings  already  described. 
At  the  backs  of  the  modillions  the  verticals  are  to  be  determined  either  by  means  of  visual 
rays  from  a  plan,  or  through  the  medium  of  intersections  of  the  perspective  lines  of  the 
upper  parts  of  them  on  the  sofite,  which  is  as  much  as  can  be  requisite  for  guiding  us  to 
a  correct  delineation.  The  same  process  is  to  be  used  for  the  modillions  on  the  other 
sides. 


Sect.  III. 

SHADOWS. 


2458.  Sciography,  or  the  doctrines  of  shadows,  is  a  branch  of  the  science  of  projection, 
and  some  preparation  has  been  made  for  its  introduction  here  in  Sect.  VI.  Chap.  I.  (1 1 10, 
et  seq. )  on  Descriptive  Geometry,  which,  if  well  understood,  will  remove  all  difliculty  in 
comprehending  the  subject  of  this  section. 

2459.  The  reader  wUl  understand  that  in  this  work,  which  is  strictly  architectural,  the 
only  source  of  light  to  be  considered  is  the  sun,  whose  rays,  owing  to  his  great  distance, 
are  apparently  parallel  and  rectilineal.  It  is  moreover  to  be  premised,  that  such  parts  of 
any  body  as  may  be  immediately  opposed  to  tlie  rays  of  light  are  technically  said  to  be  in 


CB*r.  IV.  8HAD0W&  «» 

%jt(,  ud  the  remuning  parti  of  auoh  bodj  are  sud  to  be  m  thadt.  But  when  ana 
bod;  staixU  DO  oi  befora  another,  and  intercept)  tbe  tua't  raja  from  the  latter,  wbicb 
ia  thereby  deprired  of  the  action  upon  it  of  the  ra; b  of  light,  the  part  w  depriied  of  the 
immediate  aeticm  of  tbe  light  is  said  to  be  ■■  (AosEw.  It  leenu  hardly  neeeasary  to  ob- 
aerre,  that  tbe  parti  of  any  body  nearest  the  aource  dT  light  irlll  be  the  brighteit  in 
■ppeafmnce,  whilit  thiMe  fiirtheat  removed  from  it  will,  unleaa  under  the  action  of  reflected 
light,  be  the  darlteM. 

S4eO.  It  bn  been  tbe  practice,  in  architectural  drawings,  to  represent  the  shadows  of 
their  objects  at  an  angle  of  fbrty-flTc  degrees  with  the  boriion,  as  well  on  (he  elevatiom  aa 
on  tbe  plans.  The  practice  has  this  grest  convenience,  namely,  that  the  breadth  of  the 
ahadow  cast  will  then  actually  measure  tbe  depth  of  each  projecting  member  which  casta 
it,  and  tbe  shadowed  elevation  may  be  thus  made  (o  supply  a  plan  of  the  eilenial  parts  of 
tbe  building.  Nov,  if  in  the  elevation  (he  shadows  be  cast  at  an  angle  of  f«ty-five  degrees, 
it  will  on  >  little  conuderalion  be  manifest,  that,  being  only  projections  of  a  more  length- 
ened shadow  (for  those  on  the  plan  are  at  an  angle  of  ^rty-five  degrees),  the  actual  shadow 
seen  diagonally  must  be  at  such  an  angle  as  will  make  its  projection  equal  to  forty-fiTe 
degrees  upon  the  elevation ;  because  all  elevations,  sections,  and  plans,  b^ng  themselves 
nothing  more  than  projections  of  the  objects  they  represent,  are  determined  by  perpen- 
dicular, boriiontal,  or  inclined  parallel  lines  drawn  from  the 

point*  which  bound  them  to  the  plane  of  prqjection,  and  simi-  ■ . , ^^^ 

larly,  a  shadow  in  vertical  projection,  which  forms  an  siiglc  of     _j^^J^< """"^'j 

fbrty.Gve  d^reea  with  the  boriion,  can  only  be  the  representa-        £^     \^  c  | 

tion  on  such  projection  of  an  angle,  whose  measure  it  ia  our         ffPiw    '''-  ' 

buiineas  now  to  determine.  T  f    ''^''>it\  ' 

2461.    In  the  cube  ABCDEFGH  0^.839.)  the  line  BD,         V'  '-^Xt^        ' 

forming  an  angle  of  fintV'Gve  itgtet*  with   the  horiion,  is  a  '       „  ^''^Sc^h 

projection  or  representation  of  the  diagonal  AH  on  the  ver-  ■ ■   ■^Ji;::^"^ 

tical  plane  ABD;  and  our  ottjecl  being  to  find  the  actual  angle        I !/;^_j_S'''''^^*'"''\  ./ 

AHB,  whereof  the  angle  ADB  is  tbe  projection,  we  have  (lie       J*^^^^^ -^ 

following  method.       Let  each  ude  of  the  cube,  fbr  example,  riKiis. 

-la      Then  (by  907.)  ADi+DH«-AHi. 

That  is,  IDxlO.|-lD><IO-900-AI!<,  consequently  Alls  14-MSlOO. 

At  BAH  is  a  right  angle,  we  have  by  IVigonometry.  using  a  table  of  logarithms,  — 

As  AH{-MI414SI00)or  Ar.  Co.  Lt^.     .      9-S494B50 

To  tangent  45^  ....    lO'OOOOOOO 

So  AB(- 10-00000000)  li«.  1-0000000 

To  tangent  of  angle  FHB-S5°  16'  .  .  =9-S4948JO 

The  angle  ABH  is  therefore  Si"  44'. 

Hence  it  follows,  that  when  shadowa  are  pritjected  on  the  plan  as  well  aa  on  the  eleva- 
tion, at  an  angle  of  fhrty-Gve  d^rees,  the  height  of  the  sun  which  projects  tbem  must  be 
35°  16'. 

a4G3.  It  is  of  (he  utmost  importance  to  the  student  to  recollect  this  bet,  because  it  will 
be  hereafter  seen  that  it  will  give  him  great  bcility  in  obviating  difllcully  where  eonfiiuoD 
of  Uues  may  lead  him  astray,  being,  in  &ct,  not  only  a  check,  hut  an  awatance  in  proving 
the  accuracy  of  bis  work. 

2463.  We  now  proceed  to  submit  to  tbe  student  a  scries  of  eiamples,  conUiniiig  the 
moat  common  cases  of  shadowing,  and  which,  once  well  understiMd,  will  enable  hint  to 
execute  any  other  case  that  may  be  presented  to  his  notice. 

£464.  Inj!;.  H30.  we  have  on  the  left-hand  aide  of  tbe  diagram  tbe  eommon  attragal 
fillet  and  eavetto  occurring  in  the  ^ 
Tuscan  and  other  pilaaters,  above  in 
elevation  and  below  in  plan.  Tbe 
right-hand  part  shows  the  same  con- 
nected with  a  wall,  whereon  athadow 
ii  cast  by  the  several  parts.  LL  is  a 
line  showing  tbe  direction  of  the  light 

in  projection  at  an  angle  of  forly-hve  \r 

d^rees.  It  will  on  experiment  be 
fbtind,  by  a  continuation  of  the  line, 
or  by  one  parallel  to  it,  to  touch  the 

side  of  the  astrasal  at  a,  whence  an  ,,.  „,. 

borisontal   line  drawn  along  it  will 

determine  its  line  of  shade.  We  here  again  repeat,  to  prevent  misundervtandii^,  that 
in  the  matter  we  are  now  attempting  to  eiplain  we  are  Dol  dealing  with  reflected  light, 
nor   with   the  aoflemng  off  of  shadows   apparent   in    eonvci  olycets,  hut  are  about  to 
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determine  the  mere  boundaries  of  $hade  and  $hadow  of  thoeo  under  oonndemtion.     The 
rest  must  be  learned  from  observation,  for  the  circumstanees  under  which  they  are  seen 
must  oonstantl;^  vary.     Tliia,  however,  we  think,  we  may  safely  state,  that  if  the  bound- 
aries of  shade  and  shadow   only  be  accurately  given  in  a  drawing  (however  complex ), 
the  satisfaction  they  will  afford  to  the  spectator  will  be  sufficient,  without  further  refine- 
ment.     But   it   is  not  to  be  understood   from  this   that  we  discountenance   the   refine* 
ment  of  finish  in  architectural  subjects  ;  all  that  wc  mean  to  say  is,  that  it  is  not  necessary. 
To  return  to  the  diagram  ;  it  is  manifest  that  if  the  boundary  of  thade  be  at  a  from  that 
point  parallel  to  the  direction  of  the  light  a  line  ab  will  determine  the  boundary  of  tkadam 
on  the  fillet  at  b,  and  that  from  the  lower  edge  of  such  fillet  at  f  a  line  again  parallel  to 
the  direction  of  the  light  will  give  at  e  the  boundary  of  the  shadow  it  casts  upon  the 
shaft  S.     As,  in  the  foregoing  explanation,  a  was  the  upper  boundarv  of  shade,  so  by  pro- 
ducing the  horisontal  line  which  it  gave  to  a  on  the  right-hand  side  of  the  diagram  we 
obtain  there  a  corresponding  point  whence  a  line  aa'  parallel  to  the  direction  of  the  light  is 
to  be  drawn  indefinitely  ;  and  on  the  plan  a  line  oa,  also  parallel  to  the  direction  of  the  light, 
cutting  the  wall  WW  whereon  the  shadow  is  cast  at  a.    From  the  point  last  found  a  vertical 
line  from  a,  where  the  shadow  cuts  the  wall  on  the  plan,  cutting  aa'  in  a',  will  determine  the 
point  a'  in  the  shadow.     The  point  e,  by  a  line  therefrom  parallel  to  the  direction  of  the  light, 
will  determine  similarly  the  situation  e'  by  obtaining  its  relative  seat  on  the  diagonal  cd^ 
which  perhaps  will  be  at  once  seen  by  taking  the  extreme  point  d  of  the  projection  of  the 
astragal,  and  therefrom  drawing  dd'  parallel  to  the  direction  of  the  light.      From  the  line 
d</,  drawn  similarly  parallel  to  the  direction  of  the  light,  and  cutting  WW  in  <2,  we  have  the 
(boundary  of  the  shadow  on  the  plan,  and  from  that  point  a  vertical  dd  being  drawn,  the 
boundary  of  shadow  of  the  extreme  projection  of  ^e  astragal  is  thus  obtained.     The 
boundary  of  shadow  of  the  fillet  on  the  right-hand  side  at  6,  similarly  by  means  of  M» 
and  by  the  vertical  frb',  gives  the  boundary  point  of  the  shadow  from  b.     The  same 
operation  in  respect  of  ce  gives  the  boundary  of  shadow  firom  c  to  c'  in  the  latter  point. 
We  have  not  described  this  process  in  a  strictly  mathematical  manner,  because  our  desire 
is  rather  to  lead  the  student  to  think  for  himself  a  little  in  conducting  it ;  but  we  cannot 
suppose  the  matter  will  not  be  perfectly  understood  by  him  even  on  a  simple  inspection  of 
the  diagram. 

2465.  In  the  diagram  (Jig,  840.)  

is  represented  a  moulding  of  com-    "V   | 

mon  occurrence  in  architectural  sub-  x»F^*-^-  '""^ 
jects,  and,  as  before,  the  right-hand 
side  is  the  appearance  of  its  shadow 
on  the  wall  WW  on  the  plan.  It 
will  be  immediately  seen  that  LL 
being  the  projected  representation 
of  the  rays  of  light,  the  line  aa  de- 
termines the  boundary  of  shadow 
on  the  ovolo,  and  that  at  b,  the 
boundary  of  its  shade,  is  also  given 
by  a  line  touching  that  point  parallel 
to  the  rays,  or  rather  projected  rays, 
of  light.  On  the  right-hand  side 
of  the  figure  oo',  drawn  indefinitely 
parallel  to  the  directi<m  of  the  light, 
and  determined  by  a  vertical  from  a",  the  intersection  by  a"a'*  with  the  wall,  will  give  o'a", 
the  line  of  shadow  of  oa'.  The  line  aa  determines  tlie  shadow  on  the  ovolo,  and  this 
continued  to  a'  horizontally  gives  also  a  like  termination  to  a"  in  tlie  shadow  ;  b,  the  boun- 
dary upwards  of  the  ovolo's  shade, 
is  represented  to  the  right  by  b',  and 
to  the  right  on  the  plan  by  6,  whence 
by  a  vertical  cutting  the  line  b'b''  in 
b",  the  boundary  of  shadow  which 
b'  will  cast  is  obtained,  cc  on  the 
plan  is  in  projection  the  distance 
of  the  line  of  shade  c'  from  the 
wall  whereon  the  shadow  is  cast, 
and  its  place  in  the  shadow  is  at 
c",  ee"\i"  being  the  length  of  hori- 
zontal shadow  produced  by  the  cir- 
cumstances. 

In  jig.  841 .,  which,  it  will  be  seen, 
is  a  common  fillet  and  cavetto,  LL 
is,  as  before,  the   direction   of  the  fir.mi. 


Tig.  840. 
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ma  gives  the  boundary  of  shadow,  aa  well  of  tha  fillet's  lower  edge  ax  of  tt 
lower  e4ige  of  the  cavetlo  itwlf.  In  respect  of  the  right-hand  side  of  the  figure,  a'a'  is 
line  showing  in  profile  the  eitent  of  projectiim  of  the  fillet  before  the  wall  tine  WW,  an 
from  a'  a  line  drawn  indefinitely  parallel  to  the  direction  of  the  light,  and  terminated  h 
the  intersection  of  a  vertical  from  a'  in  a",  will  ^\yt  the  point  a'  in  the  shadow.  So 
bb  found  through  a  vertical  fhim  h  on  the  wall,  by  a,  line  drawn  parallel  to  the  directio 
of  the  light  from  h  on  the  plan.  The  several  pinnti  being  connected  by  lines,  we  gain  tt 
bDundanea  of  the  shadow,  wherein  a'a"  is  represented  by  a"B". 

2466.  Fig.  S49.  eihibiti  a  filkl  and  cyma  reversa  or  ogee,  wberein,  a*  before,  L~ 
direction  of  the  light  at  a  nmilar 
angle  to  that  used  on  the  plan. 
From  the  lower  edge  of  the  fillet,  ^ 
parallel  to  the  Erection  of  the 
light,  is  obtained  the  point  a  on 
the  ogee,  and  from  b  a  similarly 
parallel  line  gives  the  boundary  of 
shadow  in  c.  A  line  from  o  in  di- 
rection of  the  light,  drawn  indefi- 
nitely, intercepted  by  a  vertical 
line  from  d",  its  projection  on  the 
plan  in  d  determines  o'd,  the 
boundary  of  the  shadow  of  the 
fillet  on  the  wall  WW.  co"  is 
the  line  of  profile  of  the  project- 
ing boundary  in  elevation,  of  the 
Bhiide  of  the  ogee  before  the  wall, 

from  (  and  ('"  by  a  vertical  e'"  e"'. 
bb',  the  boundary  of  shade  of  the 
ogee  Itself,  ii  found  in  shadow  by  the  1 
of  the  light,  and  terminated  by  a  vert 
b  on  the  plan,  the  plue  of  the  shade' 
lines  so  found,  we  shall  have  the  outlli 
be  observed,  that  the  portion  of  light 
'*--  shadow  by  •'!>"'     "  ''       '' 


r 

nr' 

i  1  i 

K 

!^ 

/ 

W" 

le  bV"  drawn  indefiiutely  parallel  to  the  direction 
ml  from  b',  the  point  on  the  wall  correspondent  to 
point  in  the  elevation.  By  the  Junction  of  the 
!  of  the  shsdes  and  sliadows  cast.  It  is  here  to 
I'b'  which  the  moulding  retains  is  represented  in 
■    -      I  bcin^  hidden,  first  by  the  ] 


the  shade  of  the  monlding, 
ispeeislly  observed. 
!  of  oblaiolng  the  thadoi 


a  straight  or  curved  profile,  sbadoi 
be  I  and  this  is  by  the  student  to  be 
3467.  Fiir.  S43.  exhibits  the  moi 
recto.  LL  is  the  direction  of  tlie 
light,  parallel  whereto  the  line  ab 
determines  the  line  of  horizon- 
tal shadow  cast  by  the  lover  edge 
of  the  fillet  upon  the  cyma,  and 
cd  that  of  the  under  part  of  the 
cyma  itself  upon  the  fillet  at  d. 
ce'  IS  the  upper  boundary  of  ttu 
sliade  of  the  cyma,  and  e  the  point 
for  determining  the  shadow  of  the 
lower  fillet,  the  points  abed  cone- 
■ponding  with  ahtd  on  the  plan. 
WW  on  the  right  hand  is  the  lace 
of  the  wall,  whereto  the  lines  e'«", 

parallel   to   the   direction    of  the 
lijfht       From  *"rf"c"fc"o"  vertical 
b^g  drawn,  cutting  the  indefi- 
nite   lines  oo',  a'a",  &c.    paralhtl 
to  the  direction  of    the   li^t   in 
e",  d-",  c",  b",  and  a",  we  havp  thi- 
bnn  of  the  shadow  in  e 
shadow  will  be  the  cut 
of  points  may  be  taken  I 
as  for  the  parts  already  describeil. 

246S.   Pig.  R44.  is  the  plan  and  elevation  of  some  steps,  surrounded  by 
the  plan  is  a  square  pillnr  standing  in  front  of  them.       ll  will  be  seen  i 


and  shade  in  the  cyma 


The  part  from  b'  to  c'  of  the  eynsa  being  in  light,  its 
herein,  if  it  be  required  on  a  large  scale,  any  number 
e  its  form  by  means  of  correspondent  points  on  the  plan 
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h  ab  oa  tbc  pUn,  u  do  the  poioU 
E.  F,  G,  H  with  efgh,  from  which  lertiols  deter- 
mine them  in  the  elomtion.  The  prajectian  of  the 
plinth  on  the  lower  >tep  ii  found  bj  KI  and  i 
oorresponding  line  tod  vertical,  which,  to  prevent 
oonfiuion,  ia  not  (howD  on  the  plan,  llie  ihadow 
of  the  Kjuare  pillar.  P  ii  found  in  a  nmilar  manner 
bj  the  line  CDcorretponding  toed  on  the  plan,  the 
■faadowi  on  the  Mep*  being  also  deterraineii  bf  the 
poinu  L,  M,  N,  O,  through  the  medium  of  verti^i 
from  l.in,n,o.  The  left-hand  side  of  the  shadow  of 
the  pillar  is  delerrnined  in  a  similar  way  by  the   . 


apq,! 


the  plai 

of  the  top  of 


d  QR  ii 


9  the  Ii 


n  by  qt  i 


reprewnling  the  back  pi 
It  will  be  obaerred  that  I 
ijr  oT  the  preceding  dia-  I 
gnuiu  in  a  nnci  way,  neither  ihall  we  do  so  in  ! 
those  that  fallow,  preniming  that  the  reader  ha*, 
from  the  perusal  of  the  section  on  Descriptire  Geo-  [ 
metry  acquired  sufficient  koowledgs  to  follow  tb> 

3469.   The  Jig.  845.  It  a  sort  of  skeleton  plan 
and  eleration  of  a  modillion  eomiea,  but  deprived 


'^^qi^Hhh 

r 

s« 

of  a  eoTona.  so  as  to  nhow  the  shadow*  of  the  modillions.  Independent  of  any  eonnection 
with  Diher  parts  of  the  assembliBe.  FG,  HI,  and  AB  parallel  to  the  direction  of  the  1i^ 
determine,  by  means  of  vertical*  from  i  and  I,  the  point*  of  shadows  from  the  correspond- 
ent point*  c,  I,  the  point*  D,  L.  and  I,  whereof  I.  i*  the  point  of  shadow  of  M. 

2470.  In  fy.  H46.  we  approach  a  little  nearer  to  the  fonn  of  a  modillion  cornice.  The 
line  EF  determines  the  Jhadnw  of  ths  corona,  and  AB  l>y  mean*  of  the  lines  cd,  Ik,  and  the 
verticaii  dD,  kK,  the  boundary  of  the  side  HL  of  the  modillion*,  A  tine  also  drawn 
horiionlally  from  B  will  give  the  under  tides  of  their  ibadowi.  FC  is  a  line  rvpresentlnf 
the  shadow  of  the  corona. 

S4TI.  Fig.  847.  give*  the  finished  modUUon,  and  the  line*  Aa.  Bb,  Ce,  Dd  will  detec- 
mine,  l>y  horiiontal  lines  drawn  from 
them,  the  ihadows  which  ve  are  seek- 
ing. The  auxiliary  lines,  to  which  DO  ' 
letter*  are  attached,  cannot  £ul  of  being 
understood  ;  but  if  difficulty  arise  in 
comprehending  them,  it  will  be  removed 
by  planning  the  several  points,  and 
therefrom  drawing  on  the  plan,  to 
what  may  be  called  tbe  frieie,  v< 

spondent  point*  in  the  elevation,  and  the 
operation  will  be  fecilitatcd,  perhaps, 
by  projecting  the  form  of  the  curved 
lin.i  (is  teen  in  the  figure)  whereof 
the  modillion  is  formed, 

S47S.   Fig.  848.  will  scanely  require  a 


tical 


trical  elevation  of  the 


X>oiic  tiiglyph  and  Trieie,  with  Ihe  unial  acc»- 
»nM.  AB  givei  Ihe  LouiiiIbi]'  o(  (hadow  on 
tbe  femora  of  the  triglyph,  AC  the  boundaiy  of 
■hadoT  on  the  lif^ht  sides  of  Ihe  gl  jphs,  and  A  D 
of  the  shadow  of  Ihe  corona  on  the  fiieie. 

S4TS.  Fig.  849.  u  a  skeleton  repreeentation 
of  a  Ihree-quarter  column,  forming  part  of  an 
arcade.  The  aknciu  is  the  mere  hlock  of  material  Ak. 
length  of  the  line  ofihidov  AB.  and  is  determined  by  the  ver 
CD  is  [bund  b;  ei  and  the  Tcrlica]  dD.  kG  is  [ 
the  Tepresentation  of  kg  on  the  plan,  and  hj  a 
TErtical  f^om  g  the  line  GU  is  also  determined; 
H  gi'ing  also  by  the  lioriiontal  line  FH,  in  vhieh 
H  u  already  found,  Ibe  utualion  of  shsdow  of  the 
point  E  of  the  abacui,  u  also  by  a  Tcrtical  from 
r.  LM  M  are  pUces  of  the  ihadow  of  the  column 
on  the  impost  moulding  of  the  arch,  whereof  two 
correspondent  points  are  seen  in  1  and  n. 

3474.    The  form  of  shadow  of  the    console  in 
Jig.  S50.  will  he  seen  on  Inspection  to  have  been 

tion,  corresponding  with  do,  cc,  dd,  &c.  on  Ihe 
Mction,  all  which  are  parallel  to  the  direction  of 
the  light,  and  sufficiently  explain  themselves. 

S47S.   Fig.  %5\.  is  the  elevslion  and  section  of 
a   bemisphericel    niche,  wherein   are  shown  the 

shadows  cast  thereon  by  Ihe  vertical  wall  in  which  "■-  *^ 

it  is  placed.  Through  tlie 
centre  O  draw  DD  at  rigbt 
angles  to  Ihe  direction  of  Ihe 
light,  and  fh>m  O  draw  OA 
parallel  to  the  direction  oftlie 
light :  A  will  befbund  the  point 
in  Ihe  wall  casting  the  longest 
shadow.  Produce  AOindefl. 
nitely;  and  from  a,  Ihe  corre- 
sponding pcnnt  in  the  section 
to  A  on  the  elevation,  draw  aa', 
which  will  cut  the  sur&ce  of 
the  niche  in  a'.  Draw  the 
boriiontal  litw  a'  a",  cutting 
AO  produced  in  a",  and  a" 
will  represent  in  the  shadow 
the  point  A  in  the  clrcumfbr-    ' 

ence.      Take  any  other  point  n«-»4i. 

B  in  the  edge  of  the  niche,  and  by  means  of  a  line  drawn  therefrom  horiiontally  we 
have  the  correspondent  ptnnt  of  B  in  Ihe  sedion.  Froio  B  draw  in  Ihe  direction  of  the 
light  the  line  Bb"'  b",  cutting  DD  on  the  diameter  in  b'";  transfer  the  point  b"  in  Ibe 
elevation  to  6  in  the  section,  sjid  draw  bb'  in  Ihe  direction  of  Ihe  light  indeHnitely. 
Then  with  Bb"'  aa  a  radius  from  ±  aa  s  centre,  describe  an  arc  cutting  hb'  in  b' ;  and 
from  b'  draw  the  horiioalal  line  b'  b",  cutting  Bb"'  produced  in  b",  and  b"  will  be  tlie 
point  in  the  shadow  corresponding  to  B  in  the  elevation.      To  avoid  the  cotifusion  which 
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would  (allow  tin  dncription  oT  tha  renuind 
bered  the  dUgmm  with  more  lett«n  of  ret 
BimiUf  appllotlioiu  of  the  proceu  for  aU  porti  of  the  curve.  7^e  &ct  u,  that  the  whole 
oT  the  ihadow  maji  be  completed  bj  Ukiog  tlie  line  DD  u  the  tmuiene  kiis  of  an 
ellipu*,  uid  finding  the  lemi-conjugate  siii  Oa  by  the  means  above  deacribed,  for  Da'D  ia 
a  Kmi-ellipsis  in  form,  inaimuch  ai  it  ii  the  projestion  of  a  aection  of  a  hemiiphere.  This 
eiarople  is  applicable  to  the  shadow  of  a  cylindrical  niche  with  a  hemispherioal  bead.  Th« 
line  N  N  shows  the  shadow  of  the  portion  of  the  head,  and  the  remainder  ia  obtained  bj 
the  mere  intersection  of  lines  hi  the  direction  of  the  light  from  different  poinU  to  the  left 
of  N,  of  which  enough  has  been  already  given  in  the  previous  examples  to  make  tbe  appli- 
cation intelligible. 

9476.   Fig.  853.  u  the  repreaeDtalion  of  ■  pediment  whereiD  tbe  weliop  A  ia  that  of  tha 


roauidinn  c 

■pel.      In   the  aection,   *b  drawn 

from  tha  projection  a  of  tbe  corona 

in    the    direction  of  the   light,   de. 

from  the  horiiontal  line  intercepted 
by  the  line  ab  in  the  elevation,  also 
drawn  parallel  to  the  direction  of 
the  light,  gives  the  point  b  in  tlie 
elevation.  A  Une  from  b.  parallel 
to  the  inclined  aides  of  the  pedi- 
ment on  the  left,  will  give  the  shadow 
of  the  corona  on  the  tympanum  on 

atiadow  from  b  on  the  right  side,  cd 
delerminei  the  Une  of  ihiidow  on  the 
ftieic,  and  B  is  the  section  of  the 
shadow  of  tbe  laaemblage  of  mould- 
ings on  the  right. 

S4TT.  In  fy.  H53.  it  given  the 
plan,  elevation,  and  section  of  a 
square  recess,  covered  with  a  cylin- 
drical head.  The  lines  AA,  BB, 
CC  of  the  elevation  are  determined 
by  aa,  bb,  ind  cc  of  the  plan  j  and  in 


Ulher 


ion  of 


the  line  ee  of  the  plan. 
at  which  the  direction  of  tbe  light 
begioa  to  touch  tbe  circular  head, 
u  d'  in  the  section. 

2478.  Fig.  854.  u  the  elevation  of 
anardhbelowwhichisitaplanandihe 
shadow  cant  by  it  on  the  pianc  upon 
which  it  stands.  AA  is  shown  by 
oa  on  the  plan,  Ilie  corresponding 
points  in  the  rear  of  the  arch  being 

aliad^w.  In  a  aimiUr  way,  by  BB 
corresponding  with  W  on  the  plan 
the  points  b"b"  are  obtained  in  tlie 
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vhcrein  the  upper  ■Uiy  ii  OMUpiMl 
by  ui  attic  in  the  centre,  ogunM 
whicb,  on  eich  flank,  ttae  iloiiing  roof 
is  temuDBted.  ■■  on  the  pUn  in 
tbe  direction  of  the  light,  produced 


«  hip  > 


<wb,. 


the  shadow 


eteii 


direction  BB  of  the  ahadow  thereon ; 
■nd  BB  cut  by  AA  in  the  direction 
of  the  light,  tbe  length  BA  of  the 
line  of  ^adow,  irbicb  miiy,  h;  let- 
ting &]l  tbe  vertical  Aa,  determine 
the  length  aa  on  (be  plan.  The 
line  of  shadow  ac  la  determined  by 
letting  fait  a  vertical  from  C,  where 
the  line  of  shadow  ia  intercepted 
by  the  hip  of  tbe  roof;  and  from  e 
will  be  found  on  trial  to 
n  tbe  diagram.  £ 
e  found, 

S480.  What  i>  called  an  attic  base  i 
tfaod  of  obuining  the  shadows  thereof 
in  plan  and  elevation  ii  now  to  be 
explained.  It  is  an  example  which 
constantly  occurs  in  architectural 
•ubjects,  and  ahould  be  well  studied 
and  miderstood.  Tbe  operations  re- 
quisite for  obtaining  a  representation 
of  the  lines  of  shadow  of  the  different 
mouldings  in  this  example  depend 
upon  the  principles  developed  in  the 
preceding  subsections.  The  lower 
portion  of  the  figure  exhibits  tbe 
plan,  and  tbe  middle  portion  tbe  ele- 

The  uppermost  portion  of  it  presents 
three  sections  ofthe  mouldings  of  tlae 
bale  in  quevtion  cut  in  three  diflerent 
placea  parallel  to  tbe  direction  of  ^e 
light.  This  last  portion  of  the  figure 
is  not  abeolulely  necessary,  inasmucb 
■B  the  prolila  in  question  might 
have  been  obtained  upon  the  eleva- 
tion i  but  we  have  preferred  keeping 
it  separate  to  prevent  a  eonfUsion  of 
subsidiary  lines.  There  is  moreover 
another  advantage  in  thus  separating 
tbe  parts  from  eaeh  other,  namely, 
that  of  immediately  and  more  dis- 
tinctly seeing  the  lines  at  each  select- 
ed place,  in  which  the  rays  of  light 
■eparato  the  parts  actually  in  light 
from  those  in  shadow ;  and  where 
the   student  ia  likely  to  meet  with  n*-  >M. 

matters  of  perplexity,  nothing  should  be  left  untried  to  save  his  time,  and,  what  is  often 
'  more  important,  his  patience.     The  mode  to  be  adopted  is  as  follows :  — 

Make  on  the  plan  any  number  oF  sections  a'a'a'a'.t/b'b'f  in  the  diiection  of  the  light,  and 
draw  on  the  elevation  the  corresponding  sections  aaaa,  bbib.  LL  being  llie  direction  of  the 
light,  dis*  parallel  thereto  tangents  to  Uie  curves  of  the  ctmvei  mouldings,  and  tbe  boundii- 
riee  of  their  shades  wilt  be  obtained,  as  will  also  those  of  their  shadows,  by  continuing  them 
from  such  boundaries  till  they  cut  the  other  parts  in  eaeh  section,  as  will  be  more  especially 
teen  at  «.  It  will  be  recollected  that  in  our  iirtt  mention  of  the  projected  representation  of 
the  line  of  light  and  shadow  we  found  that  it  was  an  angle  of  54°  44'  of  the  diagonal  of  a 
cube.  Tlia  angle  is  set  out  in  xyi  on  the  plan.  We  have  therefore  another  mode  of 
finding  the  boundaries  of  shade  and  ahadov  on  tbe  moulding,  by  developing  the  sections 
o'n'a'a',  b'b'bV,  lie.,  as  at  A,  B,  and  C,  and  drawing  tangenla  yi  to  the  convex  mouldinga  tot 


670  THEORY  OF  ARCHITECTURE. 

boundaries  of  iluda  tlwrcon,  ind  coatinuing  them,  or  otherwue,  & 
■bown  in  the  diogrBiiL 

aiBl.  lTij^.8ST.,vhichrepresent9  i 

the  capital  or  ■  column,  a  limilnr  me- 
thod ii  uwd  to  that  laat  mentioned  lor 
obtaining  Iha  ihadca  and  ahftdows,  by 
meani  of  o'a'a'a'  and  Ir'b'b'b',  vbieh  are 
■bowQ  on  the  elcration  bj  aaaa  and  . 


It  ii  otnriout  that  the  meani  here 
adopted  for  obtaining  the  linei  oF 
abadov  are  preciaely  umilar  to  Ihoae 
used  in  the  preceding  example.  In 
thu,  boirever,  the  sectioni  or  the  ca- 
pital parallel  to  the  direction  oT  the 
light  are  roade  on  tbe  eleiallon,  and 
it  will  be  wen  that  manj  of  them  are 
not  required  to  obtain  an  accurate 
boundary    of  the    lines    or  ihadoir  i 

•ought ;  Ittr  after  having  obtained 
those  poiota  from  which  the  longett 
ibaduw  (Ula,  and  on  the  other  side 

those  where  the  line  of  ahadow  com-  "*■  ^^' 

TDena»,  a  curre  line  of  an  elliptical  nature  connects  Iho  points  found.  If  the  drawing  to 
be  made  be  on  a  large  scale,  it  may  [hen  be  worth  the  architect's  while  to  iocreaw  tbe 
number  of  points  wherefiom  the  shadow  is  to  be  projected,  so  as  to  produce  the  greatest 
possible  accuracy  in  the  reprenenution. 

34S2.   Tbe  shadova  of  an  Ionic  capital  are  pven  in  Jig.  BJ§,      The  ihsdow  of  the  volute 
on  the  column  ii  obtained  by  any  number  of  lines   AA,  Bit,  CC,  &c.   from  its  different 


parts  and  verticals  from  tbar  correaponding  ones  aa,  bb,et,  &c.  on  the  plan,  and  similarly 
tbe  shadow  of  the  capital  on  the  wall.  In  this  eiample,  as  in  those  immediately  preceding 
tbe  employment  of  sectional  lines  parallel  to  the  direction  of  the  light  is  again  manilnl. 
The  use  of  them  is  most  especially  seen  in  the  example  of  the  Corinthian  capiul  which 
follows.  As  a  general  rule,  it  may  be  hinted  to  the  student  of  sciagraphy,  that  in  tbe  dlfH- 
eulties  that  may  occur,  they  will  be  most  eipeditiously  and  clearly  resolved  by  the  uM 
of  the  sectional  lines,  whereon  we  have  tbou^^t  it  proper  so  much  to  dilate. 

348S.  The  Corinthian  capital  in  /Ig.  »S9.  will  require  little  more  than  inspection  to 
understand  the  coQstruetion  of  its  snograpby ;  and  ^1  that  we  think  necessary  to  particu- 
larise are  the  developed  projections  A,  B,  C,  D,  E,  F  of  the  abacus  and  the  leaves,  wbereoa 
the  termination  of  the  shadows  at  angles  of  54°  44',  as  eiplained  in  fy.  836.,  give  th«r 
respective  depths  on  the  elevation. 

Tbere  ii  another  method  of  arriving  at  the  result  hers  eibibited,  by  drawing  aectional 
line*  parallel  to  the  dinction  of  tbe  light  through  the  diflcrent  parts  and  leavea  of  tfa* 


WORKING  DRAWINGS. 


chwuthcn 

node  wo  were  fonnerly  in  the  habit 

onHiuon  of 

nes,  that  we  h»ie  long  since  oban- 

mending  the 

procesj  hero  giTen  u  the  best  and 

iry,  in  making  drawings,  to  project 

portico,  or  e 

sewheie,  limiUr  capitali,  similarly 

>do»>,  »  Iha 

capital  on  it*  elevation,  as  in^jr.  857. ,i 
of  adopting.  It  bavever  induces  sue 
doned  ill  and  have  no  hesitation  in  r 
moft  likely  to  avoid  confiision.  It  is  i 
mare  than  the  shadow  of  one  capital,  i 
eiposed  to  the  light,  will  project  nmi! 
the  projection  on  all  of  them. 

S4B4.  For  instruction  upon  the  mode  in  which  reflected  light  nets  upon  object*  in  ibade 
and  shadow,  we  must  refer  the  learner  to  the  conlemplstion  of  similar  objects  in  relief. 
The  Tarieties  of  reflexes  are  almost  infinite  ;  and  though  general  rules  might  be  laid  down, 
thej  would  necessarily  be  so  complicated,  that  thej  would  rather  puzile  than  instruct,  and 
under  this  head  we  Tecommend  the  study  of  nature,  which  will  be  found  the  best  instructress 
tbe  student  can  procure. 


2465.  Woricing  drawings  are  those  made  of  the  parts  al  large  for  esecuting  the  works, 
which  could  not  be  well  done  IVom  drawings  on  a  small  scaie,  wherein  the  small  parts 
would  not  be  either  BuflUciently  defined,  or  could  not  be  figured  so  as  to  enable  the  vorli- 
man  to  set  out  hit  work  with  accuracy.  They  are  generally  in  outline,  except  the  sectional 
parts,  which  are  frequently  haiched  or  shaded  to  bring  the  profile*  more  readily  before  the 
eye. 

94B6.  It  is  obriuui  that  though  drawings  nude  to  a  twelfth  or  a  twenty-fourth  part  of 
their  real  siie  may  well  enough  supply  the  wants  of  tbe  workman  where  there  ji  no  com- 
plication in  tbe  distribution  and  arrangement,  and  in  caws  where  there  is  a  simple  treat- 
ment of  r^ular  forms,  of  right  angles  and  the  like ;  yet  in  all  cases  wherein  we  have  to 
deal  with  de  minor  details  of  architecture,  and  In  construction,  where  the  variety  of  ibrm* 
used  is  infinite  from  the  variety  of  the  circumstances,  nothing  short  of  drawings  of  the 
fyU  or  at  tbe  least  of  half  the  sire  will  safely  guide  the  workmaiL 

3487.  The  art  of  making  working  drawings,  which  must  have  been  well  undenlood  at 
all  periods  of  the  practice  of  architecture,  involves  a  thorough  knowledge  of  projection,  or 
descriptive  geometry,  and  consists  in  expressing  by  lines  all  that  occurs  for  the  develope- 
ment  of  every  part  of  the  details  of  a  building,  in  plan,  elevation,  and  profile,  each  )nrt 
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being  pUeed  for  the  use  of  the  workman  with  clearness  and  precision.  All  the  rules  by 
which  working  drawings  are  wrought  are  dependent  on  the  matter  in  this  work  already 
communicated  to  the  reader,  excepting  only  those  details  of  the  orders,  and  some  other 
matters,  which  will  be  found  in  Book  III.  But  we  shall  here,  nevertheless,  briefly  replace 
before  him  the  leading  principles  whereon  working  drawings  are  to  be  prepared.  And 
first,  he  is  to  recollect  that  solids  are  only  represented  by  the  faces  opposite  to  the  eye ; 
secondly,  that  the  surfaces  by  which  solids  are  enclosed  are  of  two  sorts,  that  is,  rectilinear 
or  curvilinear.  Those  bodies  in  which  these  properties  are  combined  nuy  be  divided  into 
three  sorts :  1 .  Those  which  are  bounded  by  plane  surfaces,  such  as  prisms,  pyramids,  and 
generally  all  straight  work.  2.  Those  in  which  there  is  a  mixture  of  straight  and  curved 
lines,  as  cylinders,  cones,  or  portions  of  them,  voussoirs  of  vaulting,  and  the  like ;  and  3. 
Those  solids  wherein  a  double  flexure  occurs,  as  in  the  sphere,  spheroid,  and  in  many 
cases  of  voussoirs. 

2488.  We  should,  however,  unnecessarily  use  the  space  allotted  to  us  by  further  entering 
on  these  matters,  on  which  enough  has  been  already  said  in  previous  sections.  The  plain 
truth  is,  that  working  drawings  are  to  be  so  made  for  the  use  of  the  artificer  as  to  embody 
on  a  scale,  by  which  no  mistake  ought  to  occur,  all  the  information  which  this  work  has 
already  given  on  construction,  and  that  which  follows  in  the  more  refined  view  of  architec- 
ture as  a  fine  art. 

2489.  In  works  whose  magnitude  is  not  of  the  first  class,  the  drawing  of  every  part,  both 
in  construction  and  in  those  which  involve  the  work  as  one  of  art,  every  portion  should  be 
given  of  the  full  size  whereof  it  is  proposed  to  be  executed.  Where  the  building  is  large, 
as  also  the  parts,  this  may  be  dispensed  with  ;  but  then  it  becomes  (the  detul  being  drawn 
on  a  smaller  but  fully  intelligible  scale)  the  duty  of  the  architect  to  see  that  the  drawings 
he  furnishes  are  faithfully  drawn  out  to  the  full  size  by  the  artificer  on  proper  moulds. 
Often  it  is  useful,  never,  indeed,  otherwise,  to  offer  up,  as  it  is  called,  small  portions  of 
mouldings  on  the  different  parts  of  a  building,  to  ascertain  what  the  effect  may  be  likely  to 
be  at  the  heights  fixed  for  their  real  places.  In  these  matters  he  should  leave  no  means 
untried  to  satisfy  himself  of  the  effect  which  what  he  has  first  planned  in  small  is  likely  to 
produce  when  executed. 

2490.  We  have  presumed  that  the  architect  is  so  far  educated  as  to  have  acquired  a  full 
knowledge  of  all  that  rules  can  teach,  and  that,  strictly  speaking,  he  has  proportioned  his 
work  in  conformity  with  them.  Still,  in  real  pracUoe,  there  are  constantly  so  many 
circumstances  which  concur  in  making  it  almost  necessary  to  depart  from  established  rules, 
such  as  surrounding  buildings,  where  it  is  of  importance  to  give  predominance  to  a  part  for 
the  purpose  of  making  it  a  feature,  that  the  expedient  of  trying  a  portion  of  the  proposed 
detail  in  the  place  it  is  actually  to  occupy,  is  a  matter  that  we  would  advise  every  architect 
to  adopt  after  he  has  made  and  studied  the  working  drawings  whereof  we  treat. 

2491.  We  have  not  alluded  to  the  matters  of  carpentry  and  joinery,  in  which  it  is  ofVoi 
necessary  to  give  the  artificer  information  by  means  of  working  drawings ;  but  the  methods 
of  trussine  in  carpentry,  and  of  framing  in  joinery,  often  require  working  drawings.  What 
has  already  been  exhibited  under  those  heads  (2031,  et  Meq.)  will  prevent  his  being  left 
uninstructed,  and  will,  moreover,  have  afforded  such  information  as  to  prepare  him,  by  the 
exercise  of  his  own  ingenuity,  for  such  cases  as  may  not  have  been  specially  given  in  the 
examples  herein  contained.  We  therefore  here  close  our  observations  under  this  section 
by  an  intimation  to  the  student,  that  the  proper  preparation  of  working  drawings  for  the 
use  of  the  artificer  tests  his  acquaintance  with  the  theory  and  practice  of  the  art,  and  is  of 
the  utmost  importance  to  the  pocket  of  the  employer  from  whom  he  receives  a  commission, 
whereof  it  is  his  duty  as  a  gentleman  never  to  lose  sight. 
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BXAUTT   IN    ARCHITSCTURK. 

2492.  The  eiifltenee  oi  arehiteeture  as  a  fine  art  is  dependent  on  exprtarionj  or  the 
faculty  of  representing,  by  means  of  lines,  words,  or  other  media,  the  inventions  which  the 
architect  conceives  suitable  to  the  end  proposed.  That  end  is  twofold ;  to  be  useAil,  and 
to  connect  the  use  with  a  pleasurable  sensation  in  the  spectator  of  tiie  invention.  In 
eloquence  and  poetry  the  end  is  to  instruct,  and  such  is  the  object  of  the  higher  and  histo- 
rical classes  of  painting ;  but  architecture,  though  the  elder  of  the  arts,  cannot  claim  the 
rank  due  to  painting  and  poetry,  albeit  its  end  is  so  much  more  useful  and  necessary  to 
mankind.  In  the  sciences  the  end  is  utility  and  instruction,  but  in  them  the  latter  is  not 
of  that  high  moral  importance,  however  useful,  which  allows  them  for  a  moment  to  come 
into  competition  with  the  great  arts  of  painting,  poetry,  and  eloquence.  It  will  be  se«i 
that  we  here  make  no  allusion  to  the  lower  branches  of  portiait  and  landseape  painting, 
but  to  that  great  moral  and  religious  end  which  fired  the  mind  of  Michael  Angelo  in  the 
Sbtiae  Chapi^  and  of  RaflkaU*  Sanoio  in  the  Slaase  of  the  Vatican  and  in  the  Cartoons. 
Above  the  lower  bvanckea  of  painting  just  mentioned,  the  art  whereof  we  treat  occupies 
an  exalted  station.  In  it  though  the  chief  end  is  to  produce  an  useful  result,  yet  the  ex> 
pression  on  whic^  it  depends,  in  common  with  the  other  great  arts,  brings  each  within  the 
■Bope  of  those  laws  which  govern  generaUy  the  fine  arts  whose  object  b  beauty.  Beauty, 
whatever  difference  of  opinion  may  exist  on  the  means  necessary  to  produce  it,  is  by  all 
admitted  to  be  the  result  of  every  perfection  wherec^  an  object  is  susceptible,  such  perfec- 
tions being  altogether  dependent  on  the  agreeable  proportions  subsbtent  between  the 
several  parts,  and  those  between  the  several  parts  and  Uie  whole.  The  power  or  faculty  of 
invoiting  is  called  genius.  By  it  the  mind  is  ospaUe  of  conceiving  and  of  expressing  its 
eoneeptions.  Tbste,  which  is  capahle  of  being  acquired,  b  the  natural  sensation  of  a  mind 
lefiaed  by  art.  It  guidee^  genius  in  discerning,  embracing,  and  producing  beauty.  Here 
we  may  for  a  momeaft  pause  to  inquire  what  may  be  considered  a  standard  of  taste,  and 
that  cannot  be  better  daa»  than  in  the  wotds  used  cm  the  subject  by  Hume  (  Essay  xxiii. ) : 
**  The  great  variety  of  tastes,**  sayis  that  author,  "  as  well  as  of  opinion,  which  prevails  in  the 
world,  is  too  obvious  not  to  have  fallen  under  every  one's  observation.  Men  of  the  most 
confined  knowledge  are  able  to  remark  a  difference  of  taste  in  the  narrow  circle  of  their 
acquaintance,  even  where  the  persons  have  been  educated  under  the  same  government  and 
have  early  imbibed  the  same  pr^udiees.  But  those  who  can  enlarge  their  view  to  con- 
template distant  nations  and  remote  ages  are  still  more  surprised  at  the  great  inconsistence 
and  contrariety.  We  are  apt  to  call  barbarout  whatever  departs  widely  from  our  own 
taste  and  apprehension!  but  sochi  find  the  epithet  oi  reproach  retorted  on  us,  and  the 
highest  arrogance- aad  sdf^onceit  is  at  last  startled  on  observing  an  equal  assurance  on  all 
sides,  and  scruples^  amidst  such  a  contest  of  sentiment,  to  pronounce  positively  in  its  own 
&vour."  True  as  are  the  observations  of  this  philosopher  in  respect  of  a  standard  of  taste, 
we  shall  nevertheless  attempt  to  guide  the  reader  to  some  notion  of  a  staodacd  of  taste  in 
architecture. 

249S.  There  has  lately  grown  into  use  in  the  arts  a  silly  pedantic  term  under  the  name  of 
Esthetics,  founded  on  the  Greek  word  'Aurtfirmcbr,  one  which  means  having  the  power  of 
perception  by  means  of  the  senses ;  said  to  be  the  science  whereby  the  first  principles  in  all 
the  arts  are  derived,  from  the  effect  which  certain  combinations  have  on  the  mind  as  con- 
nected with  nature  and  reason :  it  is,  however,  one  of  the  metaphysical  and  useless  additions 

Xx 
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to  nomenclature  in  the  arts,  in  which  the  German  writers  abound,  and  in  its  applicatioin  to 
architecture  of  least  value ;  because  in  that  art  form  is  from  construction  so  limited  by 
necessity,  that  sentiment  can  scarcely  be  said  to  be  further  connected  with  the  art  than  is 
necessary  for  keeping  the  subordinate  parts  of  the  same  character  as  the  greater  ones  under 
which  they  are  combined  ;  and,  further,  for  thereby  avoiding  incongruities. 

2494.  It  is  well  known  that  all  art  in  relation  to  nature  is  subject  to  those  laws  by  which 
nature  herself  is  governed,  and  if  we  were  certain  that  those  rules  of  art  which  resulted 
from  reason  were  necessarily  and  actually  connected  with  sensation,  there  would  be  no 
difficulty  in  framing  a  code  of  laws  whereon  the  principles  of  any  art  might  be  firmly 
founded.  *'  Principles  in  art,"  as  well  defined  by  Payne  Knight,  **  are  no  other  than  the 
trains  of  ideas  which  arise  in  the  mind  of  the  artist  out  of  a  just  and  adequate  consider- 
ation of  all  those  local,  temporary,  or  accidental  circumstances  upon  which  their  propriety 
or  impropriety,  their  congruity  or  incongruity,  wholly  depend.'*  By  way  of  illustrating 
the  observation  just  made,  we  will  merely  allude  to  that  maxim  in  architecture  which 
inculcates  the  propriety  of  placing  openings  over  openings  and  piers  over  piers,  disallowing, 
in  other  words,  the  placing  a  pier  over  an  opening  without  the  exhibition  of  such  pre- 
paration below  as  sliall  satisfy  the  mind  that  security 'has  l)een  consulted.  There  can  be 
no  doubt  that  a  departure  from  the  maxim  creates  an  unpleasant  sensation  in  the  mind, 
which  would  seem  to  be  immediately  and  intimately  connected  with  the  laws  of  reason ; 
but  there  is  great  difficulty  in  satisfying  one's  self  of  the  precise  manner  in  which  this 
operates  on  the  mind,  without  a  recurrence  to  the  primitive  types  in  architecture,  and 
thence  pursuing  the  inquiry.  But  in  the  other  arts  Uie  typ^  are  found  in  nature  herself 
and  hence  in  them  no  difficulty  occurs  in  the  establisliment  of  laws,  because  we  have  that 
same  nature  whereto  reference  may  be  made.  We  shall  have  to  return  to  this  suli^e^  in 
the  section  on  the  Orders  of  Architecture,  to  which  we  must  refisr  the  reader,  instead  <^ 
pursuing  the  subject  here. 

2495.  Throughout  nature  beauty  seems  to  follow  the  adoption  of  forms  suitable  to  the 
expression  of  the  end.  In  the  human  form  there  is  no  part,  considered  in  respect  to  the 
end  for  which  it  was  formed  by  the  great  Creator,  that  in  the  eye  of  the  artist,  or  rather, 
in  this  case  the  1>etter  judge,  the  anatomist,  is  not  admirably  calculated  for  the  function  it 
has  to  discharge ;  and  witliout  the  accurate  representation  of  those  parts  in  discharge  of 
their  several  functions,  no  artist  by  means  of  mere  expression,  in  the  ordinary  meaning  of 
that  word,  can  hope  for  celebrity.  This  arises  from  an  inadequate  representation  having 
the  appearance  of  incompetency  to  discharge  the  given  functions ;  or,  in  other  woids,  they 
appear  unfit  to  answer  the  end. 

2496.  We  are  thus  led  to  the  consideration  of  >&»ms,  which,  after  all,  will  be  found  to  be 
the  basis  of  all  prapartionf  if  not  proportion  itself.  Alison,  in  his  E^t^  en  T\ute,  says, 
**  I  apprehend  that  the  beauty  of  proportion  in  forms  is  to  be  ascribed  to  this  cause," 
(fitness)  "  and  that  certain  proportions  affect  us  with  the  emotion  of  beauty,  not  from  any 
original  capacity  in  such  qualities  to  excite  this  emotion,  but  from  their  being  expressive 
to  us  of  the  fitness  of  the  parts  to  the  end  designed."  Hogarth,  who  well  understood  the 
subject,  concurs  with  Alison  in  considering  tliat  the  emotion  of  pleasure  which  proportion 
affords  does  not  resemble  the  pleasure  o£  sensation,  but  rather  that  feeling  of  satis&clioa 
arising  from  means  properly  adapted  to  their  end.  In  his  AwthftU  of  Beauty  that  greet 
punter  places  the  question  in  its  best  and  truest  light,  when,  sjieaking  of  chairs  and  tables, 
or  other  common  objects  of  furniture,  he  considers  them  merely  as  fitted  from  their  pro- 
portions to  the  end  they  have  to  serve.  In  the  same  manner,  says  Alison,  **•  the  effect  of 
disproportion  seems  to  me  to  bear  no  resemblance  to  that  immediate  painful  sensation 
which  we  feel  from  any  disagreeable  sound  or  smell,  but  to  resemble  tliat  kind  of  dissatis- 
faction which  we  feel  when  means  are  unfitted  to  their  end.  Thus  the  disproportion  of  a 
chair  or  table  does  not  affect  us  with  a  simple  sensation  of  pain,  but  with  a  very  observ- 
able emotion  of  dissatisfaction  or  discontent,  from  the  unsuitableness  of  their  construction 
for  the  purposes  the  objects  are  intended  to  serve.  Of  the  truth  of  this  every  man  must 
judge  from  his  own  experience."  We  cannot  refrain  from  continuing  our  extracts  from 
this  most  intelligent  author.  **  The  habit,"  he  says,  **  which  we  have  in  a  great  many 
familiar  cases  of  mimediately  conceiving  this  fitness  from  the  mere  appearance  of  the  form, 
leads  us  to  imagine,  as  it  is  expressed  in  common  language,  that  we  determine  proportion  by 
the  eye,  and  this  quality  of  fitness  is  so  immediately  expretsed  by  the  material  form,  that  we 
are  sensible  of  little  difference  between  such  judgments  and  a  mere  determination  of  sense; 
yet  every  man  must  have  observed  that  in  those  cases  where  either  the  object  is  not 
familiar  to  us  or  the  construction  intricate  our  judgment  is  by  no  means  speedy,  and  that 
we  never  discover  the  proportion  until  we  previously  discover  the  principle  of  the  machine 
or  the  means  by  which  the  end  is  produced." 

2497.  The  nature  of  the  terms  in  which  we  converse  shows  the  dependoice  of  proportion 
on  fitne&s  for  it  is  the  sign  of  the  quality.  Tlie  natural  answer  of  a  person  asked  why  the 
proportion  of  any  building  or  machine  pleased  him,  would  be,  because  the  object  by  such 
proportion  was  fit  or  proper  for  its  end.     Indeed,  proportion  is  but  a  synoayme  of  fltnew. 
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for  if  the  ibrm  be  well  oontrived,  and  the  several  parts  be  properly  a4iusted  to  their  end, 
we  immediately  express  our  opinion  that  it  is  well  proportioned. 

3498.  There  is,  however,  between  proportion  and  fitness,  a  distinction  drawn  by  our 
author,  which  must  be  noticed.  **  Fitness  expresses  the  ralation  of  the  whole  of  the  means 
to  the  end ;  proportion,  the  proper  relation  of  a  part  or  parts  to  their  end."  But  the  dis> 
tinotion  is  too  refined  to  be  of  importance  in  our  consideration  ;  for  the  due  proportion  of 
parts  is  simply  that  particular  form  and  dimension  which  from  experience  has  been  found 
best  suited  to  the  object  in  view.  *•  Proportion,**  therefore  continues  Alison,  *'  is  to  be 
considered  as  applicable  only  to  forms  composed  of  parts,  and  to  express  the  relation  of 
propriety  between  any  part  or  parts  and  the  end  they  are  destined  to  serve." 

2499.  Forms  are  susceptible  of  many  divisions,  and  consequently  proportions ;  but  these 
are  only  subordinate  to  the  great  end  of  the  whole.  Tims,  for  instance,  in  the  constantly 
varying  forms  of  fashion,  say  in  a  chair  or  table,  the  merely  ornamental  parts  may  bear  no 
relation  to  the  general  fitness  of  the  form,  but  they  must  be  so  contrived  as  to  avoid 
unpleasant  sensation,  and  not  to  interfere  with  the  general  fitness.  If  we  do  not  under- 
stand the  nature  of  its  fitness,  we  cannot  judge  of  the  proportion  properly.  *'  No  man," 
says  Alison,  **  ever  presumes  to  speak  of  the  proportions  of  a  machine  of  the  use  of  which 
he  b  ignorant."  When,  however,  we  become  acqiuunted  with  the  use  or  purpose  of  a 
particular  elass  of  forms,  we  at  the  same  time  acquire  a  knowledge  which  brings  under  our 
view  and  acquaintance  a  lai^r  circle  of  agreeable  proportions  than  the  rest  of  the  world 
understand ;  and  those  parts  which  by  others  are  regarded  with  indifferonce,  we  contem- 
plate with  pleasure,  from  our  superior  knowledge  of  their  fitness  for  the  end  designed. 
The  proportions  of  an  object  must  not  in  strength  be  carried  beyond  what 
is  required  for  fitness,  for  in  that  case  they  will  degenerate  into  clumsiness, 
whilst  elegance,  on  the  contrary,  is  the  result  of  the  nicest  adjustment  of 
proportion. 

2500.  Fitness  cannot  exist  in  any  architectural  object  without  equilibrium 
in  all  the  parts  as  well  as  the  whole.  The  most  complete  and  perfect  notion 
that  can  be  conceived  of  «fa6i/ity,  which  is  the  result  of  equUibrium,  may 
be  derived  firom  the  contemplation  of  an  horizontal  straight  line  ;  whilst, 
on  the  contrary,  of  instability  nothing  seems  more  expressive  than  a  vertical 
straight  line.  These  being,  then,  assumed  as  the  extremes  of  stability  and 
instability,  by  carrying  out  the  gradations  between  the  two  extremes,  we 
may,  extending  in  two  parts  the  vertical  line,  obtain  various  forms,  more  or 
less  expressive  of  stability  as  they  approach  or  recede  from  the  horizontal 
line.  In  Jip,  860.  we  have,  standing  on  the  same  base,  the  general  form  c^ 
the  lofry  Gothic  spire ;  the  pleasing,  solid,  and  enduring  form  of  the  Egyptian 
pyramid ;  and  that  of  the  flat  Grecian  pediment :  which  last,  though  in  its 
inclination  adjusted  on  diflFerent  grounds,  which  have  been  examined  in 
Book  II.  Chap.  III.  subsect.  2037,  €#se7.^  is  an  eminent  instance  of  stability.  ng.8So. 
The  spire,  from  its  height  and  small  base,  seems  to  possess  but  a  tottering  equilibrium 
compared  with  the  others. 

2501 .  Stability  is  obviously  dependent  on  the  laws  of  gravitation,  on  which,  under  the 
divLuon  of  statics,  not  only  the  architect,  but  the  painter  and  sculptor,  should  bestow  consi- 
derable attention.  We  cannot  for  a  moment  suppose  it  will  be  disputed  that  at  least  one 
of  the  causes  of  the  beauty  of  the  pyramid  is  a  satisfiu^ry  impression  on  the  mind  of  the 
state  of  rest  or  stability  it  possesses.  Rest,  repose,  stability,  balance,  all  meaning  nearly 
the  same  thing,  are  then  the  very  essential  ingredients  in  fitness ;  and  therefore,  in  arehitec- 
tural  subjects,  instability,  or  the  appearance  of  it,  is  fetal  to  beauty.  Illustrations  of  this 
exist  in  the  femous  Asinelli  and  Garisendi  towers  at  Bologna,  and  at  Pisa  in  the  cele- 
brated leaning  Campanile. 

2502.  It  may  be  objected  to  what  we  have  written,  that  fitness  alone  will  not  accotmt 
for  the  pleasure  which  arises  in  the  contemplation  of  what  are  called  the  orden  of  archi- 
tecture, and  Alison  seems  very  much  to  doubt  whether  there  be  not  some  other  cause  of 
beauty.  It  will,  however,  be  our  business  to  show  how  the  ancients,  their  inventors,  con- 
sidered principally  their  fitness;  and  upon  these  grounds  to  show,  moreover,  how  the 
proportions  in  ancient  examples  varied,  and  may  be  still  further  varied,  without  infringing 
upon  the  principles  which  guided  them  in  the  original  invention.  Payne  Knight  has  well 
observed,  **  that  the  fundamental  error  of  imitatora  in  all  the  arts  is,  that  they  serrilely 
copy  the  effects  which  they  see  produced,  instead  of  supplying  and  adopting  the  principles 
which  guided  the  original  artists  in  producing  them  ;  wherefore  they  disregard  all  those 
local,  temporary,  or  accidental  circumstances  upon  which  their  propriety  or  impropriety, 
their  congruity  or  incongruity,  wholly  depend."  '*  Grecian  temples,  Gothic  abbeys,  and 
feudal  castles  were  all  well  adapted  to  their  respective  uses,  circumstances,  and  situations  ; 
the  distribution  of  the  parts  subservient  to  the  purposes  of  the  whole ;  and  the  ornaments 
and  decorations  suited  to  the  character  of  the  parts,  and  to  the  manners,  habits,  and  em- 
ployments of  the  persons  who  were  to  occupy  them :   but  the  house  of  an  Ei^lish  noble- 
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man  of  the  1 8tli  or  1 9tb  century  is  neither  a  Greeian  temple,  a  Gothic  abbey,  nor  a 
feudal  castle ;  and  if  the  style  of  distribution  or  decoration  cif  either  be  employed  in 
it,  such  changes  and  modifications  should  be  admitted  as  may  adapt  it  to  existing  cireum- 
stances,  otherwise  the  scale  of  its  exactitude  becomes  that  of  its  incongruity,  and  the  de- 
viation from  principle  proportioned  to  the  fidelity  of  imitation.**  This  is  but  another 
application  of  the  principle  of  fitness  which  we  have  above  considered,  the  chief  foundation 
of  beauty  in  the  art.  We  have  shown  how  it  is  dependent  on  stability  as  a  main  source  of 
fitness,  and  here  subjoin  some  maxims  which  will  lead  the  student  to  fitness  in  his  designs, 
and  prevent  him  from  running  astray,  if  he  but  bring  himself  to  the  belief  that  they  are 
reasonable,  and  founded  upon  incontestable  grounds,  which  we  can  assure  him  they  are. 

First        Let  that  which  is  the  stronger  part  always  bear  the  weaker. 

Second.     Let  solidity  be  always  real,  and  not  brought  to  Appear  so  by  artifice. 

Third.       Let  nothing  be  introduced  into  a  composition  whose  presence  is  not  justified  by 
necessity. 

Fourth.     Let  unity  and  variety  be  so  used  as  not  to  destroy  each  other. 

Fifth.        Let  nothing  be  introduced  that  is  not  subordinate  to  the  whole. 

Sixth.         Let  symmetry  and  regularity  so  reign  as  to  combine  with  order  and  solidity. 

Seventh.    Let  the  proportions  be  of  the  simplest  sort 

Eighth.  Let  him  recollect  that  nothing  is  beautiful  which  has  not  some  good  and 
useful  end. 

If,  after  having  made  his  design,  he  will  scrupulously  test  it  by  these  maxims  ^eriatumy 
and  will  strike  out  what  is  discordant  with  the  tenor  of  them,  he  will  have  overcome 
a  few  of  the  dtflliculties  which  attend  the  commencement  of  his  career. 

2503.  We  are  not  of  the  same  opinion  with  those  who,  on  a  geometrical  elevation  of  a 
building,  draw  lines  from  its  apex,  which,  bounding  the  principal  parts  of  the  outline,  find 
a  pyramidal  form,  and  thence  infer  beauty  of  general  outline.  If  those  who  fiivour  such  a 
notion  will  but  reflect  for  a  moment  they  must  see  that  this  cannot  be  a  test  of  its  efTeet 
inasmuch  as  the  construction  of  a  geometrical  elevation  of  any  edifice  supposes  it  to  be 
viewed  at  an  infinite  distance,  whereas,  in  fact  it  i»  most  generally  viewed  under  angles 
which  would  puule  the  most  learned  architect  without  full  investigation,  to  discover  the 
primary  lines  which  they  assume  to  be  the  causes  of  its  beauty.  The  obscurations  and 
foreshortenings  that  take  plapc  are  at  points  of  view  near  the  building  itself;  and,  however 
judicious  it  may  be  to  form  the  general  masses  in  obedience  to  such  a  system,  so  as  to  pro- 
duce an  efTeet  in  the  distance  that  may  be  in  accordance  with  the  principle,  it  would  be 
extremely  dangerous  to  lay  the  principle  down  as  a  law.  The  finest  view  of  St  Paurs  is 
perhaps  a  little  east  of  Fetter  Lane,  on  the  northern  side  of  Fleet  Street ;  but  it  would 
puzxle  any  one  to  discover  its  pyramidal  form  from  that  point  of  view. 

2504.  The  beauty  of  the  proportions  of  architecture  in  the  interiors  of  buildings  is 
dependent  on  those  which  govern  the  exteriors.  Much  has  been  said  on  proportions  of 
rooms,  which,  hereafter,  we  shall  have  to  notice :  we  mean  the  proportions  of  their  length 
to  their  breadth  and  height  That  these  are  important  we  cannot  deny  ;  but  whether  the 
beauty  of  a  room  is  altogether  dependent  on  the  due  adjustment  of  these,  we  have  some 
doubts ;  that  is,  under  certain  lynits.  We  here  address  ourselves  more  particularly  to  that 
fitness  which,  in  ornamenting  a  ceiling,  for  example,  requires  that  the  beams  which  appear 
below  the  general  surfiice  should  invariably  fall  over  piers,  and  that  in  this  respect  cor- 
responding sides  should  be  uniform.  In  the  study  of  this  point  Inigo  Jones  is  the  great 
English  master  who  has  left  the  student  the  most  valuable  examples  of  this  branch  of 
the  art 

2505.  It  may,  perhapa*  be  usefbl  to  observe  generally  that  the  bare  proportions  of  the 
interiors  of  apartments  depend  on  the  purposes  for  which  they  are  intended,  and  according 
to  these  we  seek  immediately  for  the  expression  of  their  fitness.  This  point  therefore* 
involves  on  the  part  of  the  architect  so  general  an  acquaintance  with  the  most  refined 
habits  of  his  employers,  that  we  should  be  almost  inclined  to  agree  with  Vitruvius  on  the 
multi&rious  qualifications  necessary  to  constitute  a  good  one.  Certain  it  is  that  no 
instructions  he  can  receive  for  building  a  mansion  will  qualify  him  without  a  great 
acquiuntance  with  the  habits  of  the  upper  classes  of  society. 

3506.  We  have  already  stated  that  it  is  hopeless  to  arrive  at  a  fixed  standard  of  taste. 
That  considered  worthy  of  the  appellation  will  not  be  so  considered  in  another.  **  The 
sable  Africans,"  says  Knight  quoting  from  Mungo  Park,  **  view  with  pity  and  contempt 
the  marked  deformity  of  the  Europeans,  whose  mouths  are  compressed,  their  noses  pinched, 
their  cheeks  shrunk,  their  hair  rendered  lank  and  flimsy,  their  bodies  lengthened  and 
emaciated,  and  their  skins  unnaturally  bleached  by  shade  and  seclusion,  and  the  baneful 
influence  of  a  humid  climate."  In  the  countries  of  Europe,  where  some  similarity  of  taste 
may  be  expected,  the  tyranny  of  fiishion,  no  less  than  that  of  habit  and  circumstance,  has, 
and  always  will  have,  its  influence  on  the  arts.  Within  the  short  space  of  even  a  few 
months  we  have  seen  what  is  called  the  remai$9ance  style  of  architecture  imported  from 
France,  drawing  into  its  vortex  all  classes  of  persons,  many  of  them  among  the  higher 
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ranks,  possessed  of  education  to  ha^e  patronised  better  taste ;  and  in  architecture,  and  some 
other  arts,  no  one  solves  the  question  of  what  is  really  right  by  saying  that  there  have  been 
errors  in  the  tastes  of  dilferent  ages. 

5507.  The  specimens  of  Greek  sculpture,  whose  beauty  is  founded  in  nature  herself 
will  throughout  all  time  excite  the  admiration  of  the  world ;  because  in  this  esse,  the 
standard  or  type  being  nature,  mankind  generally  may  be  supposed  to  be  competent  judges 
of  the  productions  of  the  art  But  it  is  very  different  in  architecture,  whose  types  in 
every  style  are,  as  respects  their  origin,  uncertain ;  and  when  we  are  asked  whether  there 
be  a  real  and  permanent  principle  of  beauty  in  the  art,  though  we  must  immediately  reply 
in  the  affirmative,  we  are  at  the  same  time  constrained  to  r«fer  it  to  the  quality  of  fitness. 
If  this  were  not  the  case,  how  could  we  extend  our  admiration  to  the  various  styles  of 
Egyptian,  Grecian,  Roman,  Gothic,  and  Italian  architecture  ?  These  at  first  appear,  com- 
pued  with  each  other,  so  dissimilar,  that  it  seems  impossible  to  assign  beauty  to  one  without 
denying  it  to  the  rest.  But  on  examination  each  will  be  found  so  fitted  to  its  end,  that 
such  cause  alone  will  be  found  to  be  the  principal  source  of  the  pleasure  that  an  educated 
mind  receives  from  each  style ;  and  that  thence  it  arises,  rather  than  from  any  certain  or 
definable  combinations  of  forms,  lines,  or  colours  that  are  in  themselves  gratifying  to  the 
mind  or  agreeable  to  the  organs  of  sensation.  If  this  be  true,  what  becomes  of  the  doctrine 
of  the  German  nsthetical  school,  so  vaunted  of  by  self^onstituted  critics  and  reviewers, 
who  pass  their  judgment  ex  eathtdrd  on  works  they  have  never  seen,  and,  strange  to  say, 
are  tolerated  for  a  moment  by  the  public?  The  truth  is,  the  public  rarely  give  themselves 
the  trouble  to  judge ;  and  unless  led,  which  is  easily  done  by  tiie  few,  do  not  undertake  the 
trouble  of  judging  for  themselves.  That  the  Egyptian  pyramid,  the  Grecian  and  the 
Roman  temple,  the  early  Christian  basilica,  the  Gothic  caUiedral,  the  Florentine  palace, 
the  Saracenic  mosque,  the  pagoda  of  the  Blast,  are  all  beautiful  objects,  we  apprehend  none 
will  dispute ;  but  there  is  in  none  of  them  a  common  form  or  standard  by  which  we  can 
judge  of  their  beauty :  the  only  standard  on  which  we  can  fiill  back  is  the  great  fitness  of 
them,  under  their  several  circumstances,  for  the  end  proposed  in  their  erection. 

5508.  We  are  thus  unavoidably  driven  to  the  conclusion  that  beauty  in  its  application 
to  architecture  changes  the  meaning  of  the  word  with  every  change  of  its  application ;  for 
those  forms  which  in  one  style  are  strictly  beautiful  on  account  of  their  fitness,  applied  to 
another  become  disgusting  and  absurd.  By  way  of  illustrating  this,  let  us  only  picture  to 
ourselves  a  fViese  of  Grecian  triglyphs  separating  the  nave  and  clerestory  of  a  Gothic 
cathedral.  From  what  we  have  been  taught  to  consider  the  type  of  the  Doric  frieze  con- 
nected with  its  triglyphs  an  idea  of  fitness  immediately  arises  in  the  mind  ;  but  we  cannot 
trace  its  fitness  in  a  dissimilar  situation,  neither  can  we  comment  on  such  an  incongruity 
better  than  in  the  oft-quoted  line*  of  Horace :  — 

**  Humano  capltl  cervicf!in  pictor  equIoAin 
Jiingere  sf  relit,  et  variiu  inducere  pluinac 
Unmqiie  collaUt  mcmbrlt,  ut  turplter  atrum 
Destnet  In  pUcem  niulier  formow  supemft ; 
Spectatum  adinlssi  risum  tencatls  amid  ?  '* 

The  influence  of  circumstances  in  every  age  has  imparted  to  each  style  of  architecture  its 
peculiar  beauty  and  interest ;  and  until  some  extraordinary  convulsion  in  society  give  the 
impetus  to  a  new  one,  we  are  constrained  to  follow  ^stems  which  deprive  us  of  other 
novelty  than  those  of  changes  which  are  within  the  spirit  of  the  universally  established 
laws  of  the  art  Turn  to  the  Gothic  churches  ot  the  present  day,  —  the  little  pets  of  the 
church  commissioners  and  clergy.  What  objects  of  ineffable  contempt  the  best  of  them 
are !  Hie  fact  is,  the  religious  circumstances  of  the  country  have  so  changed  that  they  are 
wholly  unsuitable  in  style  to  the  Protestant  worship.  Had,  with  the  scanty  means  afforded 
to  the  architects,  such  a  model  as  St  Paurs,  Covent  Garden,  been  adopted,  we  might  have 
seen  a  number  of  edifices  in  the  country,  though 

**  Fades  noa  omDRnu  naa 
Noc  dlverta  taaaen," 

that  might  have  been  an  honour  to  the  age  in  which  we  live,  and  suitable  to  the  circum- 
stances of  the  times* 

2509.  Unity  and  harmony  in  a  work  necessarily  eater  into  that  which  is  beautiful ;  and 
it  will  not  therefore  re([uire  any  argument  to  show  that  from  a  mixture  of  styles  in  any 
building  incongruity  and  unfitness,  and  consequently  a  want  of  unity  and  harmony,  must 
be  the  result  Hence  we  cannot  agree  with  those  wise  reviewers  who  advocate  the  pos- 
sibility of  amalgamating  the  arch  with  the  severe  Grecian  style.  We  leave  them  to  their 
dreams,  and  trust  that  before  we  give  them  credence  we  may  have  some  proof  of  their 
practical  power  in  this  respect 

2510.  Symmetry  is  that  quality  which,  as  its  name  imports,  from  one  part  of  an  assem- 
blage of  parts  enid>les  us  to  arrive  at  a  knowledge  of  the  whole.  It  is  a  subordinate,  but 
nevertheless  a  necessary,  ingredient  in  beauty.  It  is  necessary  that  pi*rts  performing  the 
same  office  in  a  building  should  be  strictly  similar,  or  they  would  not  ex  m*  termini  be 
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symmetrical ;  to,  when  relatioiis  are  strictly  established  between  oertain  parts,  making  one 
the  measure  of  another,  a  disregard  of  the  symmetry  thus  induced  cannot  fitil  of  destroying 
beauty.  But  here  again  we  have  to  say,  tluit  for  want  of  attention  to  the  umilarity  of  the 
parts,  or  neglect  of  the  established  relatiotts  on  which  the  whole  is  founded,  they  have  lost 
tlieir  symmetry,  and  have  thus  become  vmJU  for  their  purpose ;  so  that  thus  again  we  return 
to  fitness  as  the  main  foundation  of  beauty. 

85 11.  Colour  abstractedly  considered  has  little  to  do  with  mchitectursl  beauty,  which  is 
founded,  as  is  sculpture,  on  fine  form.  We  are  here  speaking  generally,  and  are  not  indaned 
to  assert  that  the  colour  of  a  building  in  a  landscape  is  unimportant  to  the  general  efiTect  of 
that  landscape,  or  that  the  colours  used  on  the  walls  of  the  interior  of  a  building  are 
unessential  considerations ;  but  we  do  not  hesitate  to  say  that  they  are  of  minor  consequence 
in  relation  to  our  art.  We  believe  it  would  be  difficult  to  paint  (we  mean  not  in  the 
sense  of  the  artist)  the  interior  of  the  banqueting  room  at  Whitehall,  were  it  restored  to 
its  original  destination,  and  divested  of  the  ruinous  accessories  which  fiom  its  original  pur- 
pose have  turned  it  firom  a  banqueting  room  into  a  chapel,-*  we  believe,  we  say,  that  it  would 
be  difficult  to  paint  it  so  as  to  destroy  its  internal  b^uty.  But  as  we  intend  to  be  short 
under  this  head,  we  shall  quote  a  brochure  touching  on  this  subject  published  by  us  in  18S7. 

25 12.  One  of  the  beauties  tending  to  give  eflbct  to  the  edifices  of  Greece  has  been,  on 
the  testimony  of  almost  all  travellers,  the  colour  of  the  materials  whereof  they  are  com- 
posed. Dr.  Clarke  observes  that  a  warm  ochreous  tint  is  diffused  over  all  the  buildings  of 
the  Acropolis,  which  Me  says  is  peculiar  to  the  ruins  of  Athens.  **  Perhaps,"  says  the 
author.  **  to  this  warm  colour,  so  remarkably  characterising  the  remains  of  ancient  buildings 
at  Athens,  Plutarch  alluded"  (in  FUa  Aricfis)  "in  that  beautiftil  passage  cited  by 
Chandler,  where  he  affirmed  that  the  wtmehtm  of  Paridu  po§aet§td  a  peemHar  and  en- 
paralleled  exeellenee  of  eharaettr ;  a  eeriain  freahneaa  bloomed  mpon  tMem  amd  prtmrved  their 
facet  mnii^ured,  at  ifihep  poetened  a  neaer-fading  apirk,  and  had  a  eoml  imeeneible  to  tMge.*'  It 
iff  singular  that  recent  discoveries  havie  incontestably  proved  that  this  species  of  beauty  at 
all  events  did  not  originally  exist  in  them,  inasmuch  as  it  is  now  clearly  ascertained  that  it 
was  the  practice  of  the  Greeks  to  paint  the  whole  of  the  inside  and  outaide  of  their  temples 
in  party  colours.  It  had  been  some  time  known  that  they  were  in  the  halxt  of  painting 
and  picking  out  the  ornaments  on  particular  parts  of  their  buildings  t  but  M.  Sehaubert, 
the  architect  of  the  King  of  Greece,  found  on  examination  that  this  fell  fiur  short  of  the  ex- 
tent to  which  this  species  of  painting  was  carried,  and  M.  Semper,  another  German  archi- 
tect, has  fully  corn^Murated  the  feet  in  bis  examination  of  the  Temple  of  Theseus.  The 
prsctice  was  doubtless  imported  into  Greece  from  Egypt,  and  was  not  to  be  easily  aban- 
doned, seeing  the  difficulty  of  filling  away  from  the  habits  of  a  people  whence  it  seems 
certain  the  arts  of  Greece  more  immediately  came.  It  is  by  no  means  uncommon  for  a 
person  to  be  folly  alive  to  all  the  beauties  of  form,  without  at  the  same  time  having  a 
due  feeling  or  perception  of  the  beauty  resulting  from  harmony  in  colouring.  It  is 
therefore  not  to  be  assumed  that  the  Greeks,  thou^  given  to  a  practice  which  we  would 
now  discourage,  possessed  not  that  taste  in  other  respects  which  has  worthily  received 
the  admiration  of  posterity.  The  practice  of  painting  the  inside  and  outside  of  buildings 
has  received  the  name  of  pofyehromUie  architecture,  and  we  shall  here  leave  it  to  the 
consideration  of  the  student  as  a  curious  and  interesting  circumstance,  but  certainly  with- 
out a  belief  that  it  could  add  a  charm  to  the  stupent^ras  simplicity  and  beauty  of  such 
a  building  as  the  Parthenon. 

251 3.  After  all  that  we  have  said  of  fitness,  it  will  be  expected  that  in  deeoraiiom  it  shall 
form  a  principal  ingredient.  By  the  term  decoration  we  understand  the  combination  of 
objects  and  ornaments  that  the  necessity  of  variety  introduces  under  various  forms,  to 
embellish,  to  enrich,  and  to  explain  the  subjects  whereon  they  are  employed.  The  art  of 
decoration,  so  as  to  add  to  the  beauty  of  an  object,  is,  in  other  words,  that  of  carrying  out 
the  emotions  already  produced  by  the  general  form  and  parts  of  the  object  itsel£  By  its 
means  the  several  relations  of  the  whole  and  the  parts  to  each  other  are  increased  by  new 
combinations ;  new  images  are  presented  to  the  mind  whose  effect  is  variety,  one  great 
source  of  pleasure.  From  these  observations  two  general  rules  may  be  deduced  in  respect 
of  decoration.  Firtt,  that  it  must  actually  be  or  seem  to  be  necessary.  Seeomd^  that 
such  objects  must  be  employed  in  it  as  have  relation  to  the  end  of  the  general  ofa||eet  of 
the  design.  We  are  not  to  suppose  that  all  parts  of  a  work  are  susceptible  of  ornament. 
Taste  must  be  our  guide  in  ascertaining  where  decoration  is  wanted,  as  well  as  the  quantity 
requisite.  The  absence  of  it  altogether  is  in  many  cases  a  mode  of  decoration.  As  in 
lai^piage  its  richness  and  the  luxuriance  of  images  do  not  suit  all  sufayects,  and  simplicity 
in  such  cases  is  the  best  dress,  so  in  the  arts  of  design  many  sufajjects  would  be  rather 
impoverished  than  enriched  by  decoration.  We  must  therefore  take  into  consideration  the 
character  of  the  building  to  be  decorated,  and  then  only  apply  such  ornament  as  is  neces- 
sary and  suitid>le  to  that  character.  We  may  judge  of  its  necessity  if  the  absence  of  it 
causes  a  diaaatisfiustion  from  the  void  space  left ;  of  its  suitableness,  by  its  developing  the 
character.     History  Itas  recorded  the  contend  with  which  that  decorator  was  treated  who 
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emamcntod  the^eiiAtA  houM  with  stfttues  of  wrestlers,  «nd  the  gymnaflium  with  sUtues  of 


8514.  By  some  the  art  of  architeeture  itself  has  been  considered  nothing  more  than 
that  of  deeorating  the  buildings  which  protection  from  the  elements  induces  us  to  raise. 

S515.  The  objects  which  architecture  admits  for  decoration  result  from  the  desire  of 
producing  varietgt  amdog^,  and  alkgofy.  We  here  follow  Quatremere  de  Quincy.  ( Enepc. 
Metkod.)  The  first  seems  more  general  than  the  others,  as  being  common  among  all 
nations  that  practise  building.  It  is  from  this  source  we  have  such  a  multitude  of  cut- 
work,  embroidery,  deUuls,  compartments,  and  colours,  more  or  less  minute,  which  are 
ibund  in  every  spjBcies  of  architecture.  It  would  be  useless  for  the  most  philosophical 
mind  to  seek  for  the  origin  of  these  objects  in  any  want  arising  out  of  the  mere  construc- 
tion, or  in  any  political  or  superstitious  custom.  Systems  of  ooi^jecture  might  be  exhausted 
without  arriving  one  point  nearer  the  truth.  Even  in  the  most  systematic  of  the  different 
kinds  of  arehitecture,  namely,  that  of  the  Greeks,  we  cannot  avoid  perceiving  a  great  number 
of  forms  and  details  whose  origin  is  derived  from  the  love  of  variety,  and  that  alone.  In  a 
certain  point  of  view,  thus  considered,  an  edifice  is  nothing  more  than  a  piece  of  fiimiture, 
a  vase,  an  utensil,  the  ornaments  on  which  are  placed  more  for  the  purpose  of  pleasing  the 
eye  than  any  other.  Sucb,  for  instance,  are  the  roses  of  caissons  in  ceilings  and  sofites,  the 
leaves  round  the  bell  of  the  Corinthian  capital,  the  Ionic  volutes,  and  many  others,  besides 
universally  the  carving  of  mouldings  themselves.  These  ornaments,  drawn  from  the  store- 
house of  nature,  are  on  that  account  in  themselves  beautiful ;  but  it  is  their  transference  to 
ardiitecture,  which  in  the  nature  of  things  can  have  but  a  problematical  and  conjectural 
opgin,  that  aeenut  to  indicate  a  desire  to  vary  the  surfoce.  Unless  it  was  the  desire  of 
variety  that  induced  them,  we  know  not  what  could  have  done  so. 

2516-  It  has  been  well  observed  by  the  author  we  have  just  quoted,  that  though  the  art 
has  been  obliged  to  acknowledge  that  many  of  its  decorations  depend  in  their  application 
on  such  forms  as  necessity  imposes,  and  in  the  formation  of  them  on  chance,  caprice,  or 
whatever  the  love  of  variety  may  dictate,  yet  in  the  disposition  of  them  there  must  reign 
an  order  and  arrangement  subordinate  to  that  caprice,  and  that  at  this  point  commences 
the  diflbrence  between  architecture  as  an  art  subservient  to  laws  which  are  merely  de- 
pendent on  the  pleasure  imparted  to  the  eye,  and  those  which  depend  on  the  mere  me- 
chanical disposition  of  the  building  considered  as  a  piece  of  furniture.  Architecture,  of  all 
the  arts,  is  that  which  produces  the  fewest  emotimis  of  the  minds  of  the  many,  because  it 
is  the  least  comprehensible  in  regard  to  the  causes  of  its  beauty.  Its  images  act  indirectly 
on  our  senses,  wid  the  impressions  it  seems  to  make  appear  reducible  chiefly  to  magnitude, 
harmony,  and  varie^,  which  after  all  are  not  qualities  out  of  the  reach  of  an  architect  of 
the  most  ordinary  mind,  and  therefore  not  —  at  least  the  first  and  last — unattainable 
where  economy  does  not  interfere  to  prevent  the  result  to  be  attained. 

5517.  Analogy,  the  second  of  the  objects  by  which  decoration  is  admitted  into  archi- 
tecture, sorms  to  be  resultant  frc»m  the  limited  nature  of  all  human  inventions  in  the  arts, 
and  the  power  of  being  unable  to  invent  except  by  imitation  and  alteration  of  the  forms  of 
objects  pre-esistent.  It  is  most  difiScult  to  discard  altogether  what  have  been  considered 
types  in  arehitecture,  and  that  difficulty  has  so  prevailed  as  to  limit  those  types  to  their 
most  probable  origin  in  the  case  of  the  orders. 

5518.  The  reader  will  begin  to  perceive  that  our  analogy  in  decoration  tends  upon  trees 
for  columns,  the  ends  of  beams  for  triglyphs,  and  the  like.  Whatever  truth  there  may  be 
in  this  analogy,  it  is  now  so  established  as  to  guide  the  rules  of  decoration  that  are  in- 
volved in  it ;  and  it  must  be  conceded,  that  if  we  are  desirous  of  imitating  the  peculiar  art 
of  any  country,  we  have  no  hope  of  success  but  by  following  the  forms  which  the  con- 
struction in  such  country  engenders ;  and  we  must  admit  that,  as  far  as  external  circum- 
stances can  direct  us,  the  architecture  of  Greece,  which,  modified,  has  become  that  of  the 
whole  of  Europe,  and  will  become  that  of  America,  seems  sq  founded  on  the  nature  of 
things,  that,  however  we  may  doubt,  it  would  not  be  prudent  to  lead  the  reader  away  from 
the  consideration,  and  perhaps  from  a  belief,  that  such  is  the  truth.  Without  holding 
ourselves  bound  by  the  analogy  of  the  types  of  the  tree  and  the  cross  beam,  which  appear 
to  have  guided  the  architects  of  Greece,  we  can  without  hesitation  assert,  that  whenever 
those  have  been  abandoned  tlie  art  has  fallen  on  the  most  flagrant  vices ;  witness  the 
horrors  of  the  school  of  Borromini,  where  the  beams  are  broken,  pediments,  which  are  the 
gables  of  rools,  are  broken  into  fontastic  forms,  and  none  of  the  parts  seem  naturally  con- 
nected with  each  other.  The  works  of  the  school  in  question  seem  indeed  so  broken  up, 
that  the  study  of  them  would  almost  convince  an  impartial  and  competent  judge  that  the 
converse  of  its  practice  is  sufliciently  beautiful  to  establish  the  truth  of  the  types  whereon 
we  have  here  aiiid  before  expressed  our  scepticism.  **  Sitot,*"  says  De  Quincy,  "que  le  g^nie 
decorateur  s'est  cm  libre  des  entraves  de  Tanalogie,  toutes  les  formes  caract^ristiques  se 
sont  contoumto^  pcrverte^s,  et  d^natur^es,  au  point  qu'il  y  a  cntr'elles  et  celle  de  la  bonne 
architecture,  plus  de  distance  qu'entre  celles-ci  et  les  types  de  la  primitive  construction." 

t^51 9.   In  the  decoration  of  architecture,  neither  of  the  other  two  meauA  employed  are 
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more  important  than  that  ocular  language  which  architecture  occasionally  employs  in  its 
ornaments.  By  its  use  architecture  is  almost  converted  into  painting,  and  an  edifice  be- 
comes a  picture,  or  a  collection  of  pictures,  through  the  aid  of  the  sculptor.  We  shall 
refer  to  no  other  building  than  the  Parthenon  to  prove  the  assertion.  Here  the  history  of 
the  goddess  is  embodied  in  the  forms  of  the  building,  and  to  the  decoration  thus  intro- 
duced the  subordinate  parts  of  the  sculpture,  if  it  be  not  heresy  so  to  call  them,  is  kept  so 
under  that  we  are  almost  inclined  to  cry  out  against  their  not  having  been  principals  in- 
stead of  accessories.  This  is  the  true  principle  upon  which  buildings  should  be  decorated 
to  impress  the  mind  of  the  spectator  with  the  notion  of  beauty,  and  the  principle  whioh, 
carried  out,  no  matter  what  the  style  be,  will  insure  the  architect  his  most  ample  reward, 
reputation.  The  matter  that  is  supplied  by  allegory  for  decoration  in  architecture  may  be 
considered  under  three  heads  —  attrilmle$f  j^jfuna,  and  paintings. 

2520.  The  first  takes  in  all  those  foliages,  plants,  flowers,  and  fruits,  which  firom  their 
constant  use  in  sacrifices  were  at  last  transferred  from  the  altar  to  the  walls  of  the  temple. 
The  garlands,  festoons,  chaplets,  and  crowns  which  we  find  sculptured  on  temples  seem  to 
have  had  their  origin  from  the  religious  ceremonies  performed  in  them ;  as  do  the  instru- 
ments of  sacrifice,  vases,  the  heads  of  the  victims,  paterse,  and  all  the  other  objects  em- 
ployed in  the  worship  of  the  ancients.  Thus,  in  architecture,  these  have  become  conven- 
tional signs,  indicating  the  destination  of  the  buildings  to  which  they  are  applied.  From 
the  particular  application  of  some  ornaments  on  temples  we  derive  in  the  end  a  language 
in  the  arts  of  imitation.  It  was  thus  that  the  eagle  grasping  in  his  talons  the  attribute  of 
Jupiter,  came  to  represent  eternity  and  omnipotence ;  the  myrtle  and  dove  of  Voius,  the 
passion  of  love  ;  the  lyre  and  laurel  of  ApoUo,  to  point  to  harmony  and  glory ;  the  speiur 
and  helmet  of  Mars,  to  represent  war.  Palms  and  crowns  became  the  emblems  of  victory, 
as  did  the  olive  the  emblem  of  peace.  In  the  same  way  the  ears  of  com  of  Ceres,  the 
serpent  of  Esculapius,  the  bird  of  Minerva,  and  the  cock  of  Mercury  were  equivalent  to 
the  expression  of  abundance,  science,  and  vigilance.  Instruments  of  the  arts,  sciences,  in 
short,  all  objects  useful  to  the  end  for  which  an  edifice  is  erected,  naturally  become  signs  of 
that  edifice ;  but  applied  otherwise  become  absurd.  What,  for  instance,  could  be  more 
ridiculous  than  placing  ox  sculls  and  festoons  on  the  frieze  of  a  Protestant  church  ?  — and 
yet  this  has  been  done  in  our  own  days. 

2521.  Figures  of  men  and  animals  come  under  the  second  head.  The  application  of 
these  may  be  seen  to  their  highest  perfection  in  the  Parthenon,  to  which  we  have  already 
alluded.  They  may  be  introiduced  in  low,  high,  or  full  relieC  In  the  last  case  their 
ntuation  is  usually  that  of  a  niche.  We  shall  say  no  more  on  the  subject  of  figures  than 
that  of  course  they  must  have  relation  to  the  end  for  which  the  edifice  is  erected,  and  if 
not  in  that  respect  perfectly  intelligible  are  worse  than  useless. 

2522.  The  walls  of  Pompeii  furnish  ancient  examples  of  the  decoration  obtained  by  the 
aid  of  painting,  as  do  the  loggie  of  the  Vatican  and  the  ceilings  of  the  Famesina  modem 
examples  of  it.  Herein  tiie  moderns  have  far  surpassed  anything  we  know  of  the  ancient 
application  of  painting.  Sculpture,  however,  seems  more  naturally  allied  to  architecture 
than  painting,  and,  except  in  purely  decorative  painting  on  walls  and  ceilings,  the  intro- 
duction of  it  seems  bounded  within  narrow  limits.  The  rules  as  to  fitness  of  the  subjects 
introduced,  applicable  to  the  first  two  heads,  are  equally  so  under  that  of  painting. 
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2523.  An  order  in  archite^nre  is  a  certain  assemblage  of  parts  suDject  to  uniform 
blished  proportions,  regulated  by  the  office  that  each  part  has  to  perform.  It  may  be 
compared  to  what  organisatifOn  is  in  animal  nature.  As  from  the  paw  of  a  lion  his  dimen- 
sions may  be  deduced,  so  fh>m  a  triglyph  may  be  found  the  other  parts  of  an  example  of 
the  Doric  order,  and  from  given  parts  in  other  orders  the  whole  configuration  noay  be 
found.  As  the  genus  may  be  defined  as  consisting  of  essentitU  and  nbBenient  parts,  the 
first-named  are  the  column  and  its  entablature,  which,  iis  its  name  imports,  is  as  it  were 
the  tabled  work  standing  on  the  column.  The  subservient  parts  are  the  mouldings  and 
detail  into  which  the  essential  parts  are  subdivided,  and  which  we  shall  hereafter  separately 
consider.  The  species  of  orders  are  five  in  number,  Tuscan,  Doric,  Ionic,  Corinthian,  and 
Composite,  each  of  whose  mass  and  ornaments  are  suited  to  its  character  and  the  ex- 
pression it  b  intended  to  possess.  These  are  the  five  orders  of  architecture,  in  the  proper 
understanding  and  application  whereof  is  laid  the  foundation  of  architecture  as  an  art. 
The  characters  of  strength,  grace,  and  elegance,  of  lightness  and  of  richness,  are  dis- 
tinguishing features  of  the  several  orders,  in  which  those  characters  ouffht  to  be  found 
not  only  in  the  column  employed,  but  should  pervade  the  whole  composition,  whereof  the 
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eolonin  ii,  ■■  it  *em,  tbi  rwilBtor.  The  nnda  of  Kiting  up,  or,  ai  it  i*  tecbnienlly 
termed,  profiling  bd  order,  wSl  be  giicn  in  ■  subsequent  part  of  thii  Kction.  Here  ve 
■ball  mereljr  observe  tbat  the  entablature  is  subdivided  into  an  architnlv*,  wbieb  lie* 
iTnmediatelj  upon  tbe  column,  ■  friese  Ijring  on  tbe  architrave,  and  a  cvmlee,  which  is  Its 
uppermoat  lubdiviuon.  The  bejghl  of  these  subdiviiians  together,  tbat  is,  the  whole 
height  of  the  enUblature.  is  one  fourth  that  of  the  column  according  to  Ihe  practice  of  tbe 
ancients,  wbo  in  all  sorts  of  enUblalures  seldom  varied  from  that  measure  either  in  eicess 
or  defect.  ■  Palladio,  Scamoiii.  Alberti,  Barbaro,  Cataneo,  Delorme,  and  others."  saya 
Sir  William  Chambers,  "of  the  modem  architecla,  have  made  their  entablolures  much 
lower  in  the  Ionic,  Composite,  and  Corinthian  orders  than  in  the  Tuscan  or  Doric  This, 
on  some  occasions,  may  not  only  be  excusable  but  highly  proper  i  particularly  where  the 
intercolumniations  are  wide,  aa  in  a  second  or  third  order,  in  private  Ijouseft,  or  inside 
decorationo,  where  lightness  should  lie  preferred  to  dignity,  and  where  eipense,  with  every 
impediment  to  the  conveniency  tif  the  bbric,  are  care^lly  to  be  atoided;  but  to  set 
mitirely  ande  a  proportion  which  seems  to  have  had  the  general  approbation  of  the 
ancient  artist*  is  surely  presuming  too  fcr." 

S5S4.  As  rule*  in  the  fine  arts  which  have  obtained  aliDoal  unitenal  adoption  are 
founded  on  nature  or  on  reaaoit,  we  may  be  pretty  certain  that  they  ate  not  altogether 
empirical,  albeit  their  origin  may  not  be  immediately  apparent.  The  grounds  on  which 
such  rules  are  founded  will,  however,  in  most  eases  become  known  by  tracing  them  to 
first  principles,  which  we  shall  here  endeavour  to  do  in  respect  of  this  very  important 
relation  of  height  between  the  column  and  its  entablature.  We  were  first  ted  into  this 
investigation  by  the  perusal  of  a  work  by  M.  Lehrun,  entitled  TAfarU  dv  rArtkitteturr 
6'nTi;w  tt  Ramaint  drdiilt  dt  Caualgit  da  Afmiinnj  mUiqtit',  foL  Pari),  1S07  ;  but  our 
results  difler  very  widely  &om  those  of  Lebrun,  as  will  lie  seen  on  reference  to  that  work. 

3535.  One  of  the  nMxt  irtiiiouB  principtea  of  proportion  in  respect  of  loads  and  supports, 
and  one  seemingly  founded  on  Bature  herself,  is,  (hat  a  support  should  not  be  loaded  with 
a  greater  mass  or  load  than  Itself;  or,  in  other  words,  that  there  should  be  an  equality 
between  weights  and  supports,  or,  in  the  ease  in  point,  between  the  columns  and  en- 
tablature. In  respect  of  the  proportion  of  the  voids  belnv  the  entablature  between  the 
cidumns  or  supports,  a  great  diveruiy  of  practice  seems  to  have  prevailed,  inasmuirh  is 
we  find  them  varying  from  1-03  to  S -1 8,  unity  being  the  measure  of  the  supports.  Lebrun 
makes  tbe  areas  of  the  supports,  weights,  and  voids  equal  lo  one  anolber,  and  in  what 
may  be  tamied  tbe  montimental  eiamples  of  the  Doric  order,  such  as  the  Parthenon,  &c, 
be  seems  borne  out  in  the  law  he  endeavours  to  eslsblish  ;  but  in  lighter  eiamples.  such 
M  (be  temple  (loojc)  of  Bacchus  at  Teos,  where  the  supports  are  to  the  voids  as  I  ;  a-05, 
and  in  the  temple  of  Minerva  Poliaa,  where  the  ratio  is  as  1  :  S;18,  be  u  beyond  all 
qUEBtion  iocorrect ;  indeed  there  hardly  seems  a  necesuty  for  the  limitation  of  the  voids 
he  prescribes,  seeing  that,  without  relation  separately  to  the  weight  and  support,  sta- 
bility would  be  obtained  so  long  as  ihe  centre  of  gravitjr  of  the  load  fell  within  the  ei- 
letnal  bee  of  the  support.  If  it  be  admitted  that,  as  in  the  two  eiamples  above  men- 
tioned, the  voids  should  be  equal  to  the  supports  jointly,  we  have  a  key  to  tbe  rule,  and 
instead  of  being  surprised  at  the  apparently  strange  law  of  making  the  entablature  one 
fcurth  of  tbe  height  of  tbe  column,  wo  shall  find  that  no  other  than  the  result  assumed 
can  flow  from  the  iaveitigalioa. 

SjSG.  In  fig.  861.  let  AB  be  the  height  of  the  column,  and  let  llie  distance  between  the 
columns  be  one  third  of  the  height  of  the  colunU'^CU.  Now  if 
AB  be  subdivided  into  four  equal  parts  at  a,  b,  and  c,  and  the  liori- 
UMtal  linea  ad,  bt,  and  i/  be  drawn  ;  also,  if  CD  be  divided  hori- 
lontally  into  four  equal  parts,  and  lines  be  drawn  perpendicularly 
upwards  intersecting  the  former  ones,  the  void  will  be  divided  into 
niteen  equal  paralldograms.  one  half  whereof  are  to  be  the  measure 
of  the  two  whole  supports  BC  and  DE  ;  and  D£  being  then  made 
equal  to  one  half  of  CD,  it  will  be  manifest,  liam  iiKpecllon,  that 
Voa  two  semi-supports  will  jointly  he  equal  to  eight  of  the  paiullclo- 
grams  above  mentioned,  or  one  half  of  tbe  void]  We  have  now  to 
place  the  entablature  or  weight  AGHI  upon  tbe  supports  or  co- 
lumns, and  equal  to  them  in  mass.  Set  up  from  A  to  F  another 
row  of  parallelograms,  each  equal  to  those  above  mentioned,  shown 
on  the  figure  by  AFKI.  These  will  not  be  equal  to  the  supports 
by  two  vbole  parallelogram*,  being  in  number  only  ux  instead  of 
eight ;  dividing,  therefore,  B.  Ihe  number  in  tbe  supports,  by  6,  the 
number  already  obtained,  we  have  1 '333,  &c.,  which  is  the  height  T\t.tBi. 

lo  be  assigned  to  AG.  so  that  the  anigbl  may  eiactly  ei|ual  the 

supports,  thu*  etceeding  one  quarter  of  tbe  hnght  of  the  snppon  (or  column)  by  ({{^  of 
m^  quarter,  a  coincidenoe  aufficient  to  corroborate  the  re  ison  on  whioh  the  law  is 
bunded. 
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3397.  FroinuiliHpMtii>Bofthcj^.fl«t,Bsa,S6S.itapptanttiEt  wb 
the  height  of  the  nipporti  in  width,  th*  lupporU  will  be 
6  diuncten  in  baight ;  when  one  fbunh  of  tbeir  baight, 
they  will  be  fl  diuneten  high  ;  mlio  that  tbe  intarcolum- 
niation,  called  i]>itjlaai>T  oT  two  diuneten,  ie  eomtuil  by 
Um  ■rrangcmait 

SSSS.  IVfing  the  prinsipla  in  iDDther  maiuMr,  let 
Jig.  S64.  be  (be  general  limn  of  a  ictfaatjie  teiD]rie 
wb«r«n  tba  eoluiDne  ore  aMUnted  at  plweure  8  dia- 
metcn  in  height,  llwn  4  itS— S9  the  ana*  of  lb*  nip- 
porti; and  aa  la  fiilfll  tbe  oottditiam  the  tbrae  Toid*  ara 
equal  to  twice  that  area,  at  64,  they  muft  oonwqaaDtly 
be  in  tbe  agfregate  cqaal  to  B  diameten.  tor  ^  —  9,  tckd 
tbe  whole  extent  will  Ihenrfon  be  equal  to  IS  diame- 
ter* of  a  support  or  eolumn.  To  obtun  the  height  of 
tbe  entablature  u  that  in  man  may  equal  that  of  the 
tupporti,  B>  the  meaiurei  arc  in  diamaten,  we  have  ooly  n*.  hi. 


to  divide  32,  the  columna,  by  IS,  the  whole  eit^t  t^  the  ia^ade,  and  we  obtain  two 
diuneten  and  two  thirda  of  a  diameter  for  the  height  of  the  entabUture.  making  it  a 
little  more  than  one  quarter  of  the  height  of  the  culumn,  and  again  nearly  agreeing  in 
ternu  of  the  diameter  with  many  of  the  Rnest  eiamplea  of  antiquity.  If  a  pediment  he 
added,  it  is  evident,  the  dotted  Imes  AC,  CB  being  bisected  in  u  and  fi  reqtectiiely,  that 
the  triangle!  AEo,  ftFB  are  reepeetiiely  equal  to  CDa  and  DbC.  and  the  lowling  or  weight 
will  not  be  changed. 

2529.  Simitar  results  will  be  obKned  in  Bg.  865,,  where  the  height  ia  10  diamelen  :  the 
number  of  column*  6,  the  whole  therefore  180,  the  lupports  being  60.  Here  f|  =  3{ 
diameten  will  be  the  bdghl  at  the  entablature,  Thii  view  of  the  taw  is  fiirther  borne  out 
by  *n  *naly«i  of  the  tulea  laid  down  by  Vilniriu*,  book  ill.  chap.  S.  ;  —  rule*  which  did 
not  emanate  from  that  author,  but  were  the  result  of  the  practice  of  the  time  wherein  be 
lived,  and,  within  small  fractions,  atrongly  eorrobontirc  of  the  *oundne*s  of  the  hypotlie*!* 
of  the  voids  being  eifual  to  twice  the  rapport*.  Speaking  of  the  five  species  of  temples, 
after  specifying  the  different  intercolumniations,  and  recommending  the  euitylo*  as  the 
most  beautiful,  he  thus  directs  the  formatiun  of  temples  with  Iliat  inlerral  betwern  the 
columns.  **  Tlie  rute  for  dcfiigning  them  i*  as  follows :  —  The  extent  of  the  front  beirig 
given,  it  is,  if  letraatylos,  to  be  divided  into  1 1  j  parts,  not  including  tbe  projections  of 
the  base  and  plinth  at  each  end;  if  heiaslylos,  mto  18  parts;  if  octattylwi.  into  S^l 
parts.  One  of  either  of  these  parts,  according  to  the  case,  whether  tetnstylos,  heia- 
stylos,  ur  oclaatylo*,  will  be  a  measure  equal  to  the  diameter  of  one  of  the  columns."  .... 
"The  heights  of  the  columns  will  be  »{  parts.  Thus  the  intercolumniations  and  tbe 
heights  of  the  columns  will  have  proper  proporiions."  In  the  same  chapter  he  gives 
direetioni  fbr  Htting  out  atwostyle,  diaslyle,  and  systyte  temples,  which  direction*  it  is 
not  here  necessary  to  investigate,  and  our  limits  do  not  indeed  permit  us  ao  to  do.  We 
will  therefore  now  examine  the  dlrectians  quoted.  The  letmslylos  is  11}  parts  wide 
■nd  S]  high;  the  area  therefore  of  the  whole  front  becomes  llj  «  Rj=i973.  'fhe  four 
columns  are  4  x  8)  =  .'(4,  OT  a  very  little  more  than  one  third  of  the  whole  area.  Hk* 
remaining  two  thirds,  speaking  in  round  numbers,  being  given  to  the  intcrcolumns  or 

3SaO.  llie  beisstylos  (see^jr.  HGJ.)  is  18  parts  long  and  8)  high  ;  the  whole  area  there- 
fore is  IS  H  8)  =-153.  Tbe  six  columns  will  be  G>H|-51.or  exactly  one  third  of  tba 
whole  area ;  the  voids  or  Intcrcolumns  occupying  the  remaining  two  thirds. 

S53I.   The  ocUatylos  is  3 1|  parts  in  extent  and  S^  in  height.     Then  84]  a  81-90(l|. 
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The  eight  <»olumTis  will  be  8  x  8|b68,  being  a  trifle  less  than  one  third  of  the  area,  and  the 
▼Olds  or  intereolumns  about  double,  or  the  remaining  two  thirds. 

114-4 
The  average  of  the  intereolumns  in  the  first  case  will  be  — ^ —  »2}  diameters. 

In  the  second  case  ...  -         — - — «« 2}  diameters. 


In  the  third  case 


5 
244—8 

7 — = 2l8i  diameters. 


A  discrepance  between  practice  and  theory,  unless  extremely  wide,  must  not  be  allowed  to 
interfere  with  principles,  and  we  have  therefore  no  hesitation  in  candidly  submitting  a  synop- 
tical view  of  some  of  the  most  celebrated  examples  of  antiquity  in  which  a  comparison  is 
exhibited  between  the  voids  and  supports  ;  certain  it  is  that  in  every  case  the  former  exceed 
the  latter,  and  that  in  the  earlier  examples  of  Doric,  the  ratio  between  them  nearly  ap- 
proached equality.  In  comparing,  however,  the  supports  with  the  weights,  there  is  every 
appearance  of  that  part  of  the  theory  being  strictly  true,  for  in  taking  a  mean  of  the  six 
examples  of  the  Doric  order,  the  supports  are  to  the  weights  as  1  :  1  '16 ;  in  the  five  of 
the  Ionic  order  as  1  :  1  "05  ;  and  in  the  four  of  the  Corinthian  order  as  1  :  1  "(H :  a  coin- 
cidence so  remarkable,  that  it  must  be  attributed  to  something  more  than  accident,  and 
deserves  much  more  extended  consideration  than  it  has  hitherto  received. 


Number 

Building. 

Order. 

of 
Columns. 

Supports. 

WeijchU. 

Voids. 

Temple  of  Jupiter  Nemeus     - 

Doric 

6 

1-00 

0-79 

l-OS 

Parthenon    -         -         -         -         - 

___ 

8 

1-00 

1-07 

1-04 

Temple  at  Basse  -         .         .         • 

^,— 

6 

1-00 

1«14 

116 

Temple  of  Minerva  at  Sanium 

— ~ 

6 

1-00 

1-40 

1-17 

Temple  of  Hieseus  at  Athens 

_ 

6 

lOO 

I'lS 

1-21 

Temple  of  Jupiter  Panhellenius 

->- 

6 

lOO 

1-45 

1-36 

Temple  of  Erectheus     ... 

Ionic 

6 

lOO 

0-89 

1'24 

Temple  of  Fortuna  Virilis  at  Rome 

^-. 

4 

1-00 

1-15 

1-71 

Temple  on  the  Ilyasus  ... 

— 

4 

1-00 

0-96 

1-72 

Temple  of  Bacchus  at  Teos    - 

— ^ 

M 

lOO 

1-35 

2-05 

Temple  of  Minerva  Polias,  Athens  - 

_ 

4 

1-00 

1-01 

218 

Portico  of  Septimius  Severus  - 

Corinthian. 

6 

1-00 

0-93 

1-37 

Maison  Carr^  at  Nisroes 

_ . 

6 

1-00 

0-99 

1-58 

Temple  at  Jackly           .         .         « 

... 

6 

1-00 

0-90 

1-62 

Pantheon,  Rome  •        -         -         • 

8 

1-00 

1-43 

1-84 

There  is  a  curious  fiust  connected  with  the  hypothesis  which  has  been  suggested  that  re- 
quires notice ;  it  is  relative  to  the  area  of  the  points  of  support  for  the  edifice  which  the 
arrangement  affords.  In  J%p.  866.  the  hatched  squares  represent 
the  plans  of  quarter  piers  of  columns  in  a  series  of  intercolum- 
niations  every  way,  such  intercolumnlations  being  of  two  dia- 
meters, or  four  semidiameters.  These,  added  to  the  quarter 
piers,  make  six  semidiaters,  whose  square  36  is  therefore  the 
area  to  be  covered  with  the  weight  The  four  quarter  piers  or 
columns  »  4,  hence  the  points  of  support  are  ^  of  the  area 
K 0*1 11.  Now  in  the  list  (1583.)  of  the  principal  buildings 
in  Europe  the  mean  ratio  is  0*168  differing  only  0*057  (rom  the 
result  here  given  ;  but  if  we  select  the  following  buildings,  the 
mean  will  be  found  to  differ  much  less. 


Fig.  866. 


Temple  of  Peace 

.S.  Paolo  fuori  le  Mur& 

&  Sabtno     - 

S.  Fllippo  Neri   - 


0-127 
0-118 
0-100 
0-129    Sum 


«  0-474. 


Mean        -  «0118. 
4 


MOULDINGS. 


2532.  The  mibtervient  parts  of  an  order,  called  mouldings,  and  common  to  all  the  orders, 
are  eight  in  number.  They  are  —  1.  The  ovoh,  eehinutj  or  quarter  round.  (^Fig.  867.)  It  is 
formed  by  a  quadrant,  or  sometimes  more  of  a  circle,  but  in  Grecian  examples  its  section 
is  obtained  by  portions  of  an  ellipse  or  some  other  conic  section,     lliis  latter  observation  is 
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Book  111. 


mMM  ^ 


nR.867. 


M4Kiyjy^v>y.yyx 


J/iVjLWiV  A/i  V ;  Vi  V I '.' 


^mmm 


nf.868. 


ii. 


rift.  869. 


a 


Flf .  87& 


5 


■^<^l;:l::Jji;^S?^Ki^^'#^' 


s 


Fig.  871. 


rift.  H7«. 


Flft.  878. 


J    C 


nft-874. 


applicable  to  all  mouldings  of  Greek  examples,  and  we  shall  not  repeat  it  in  enumerating 
the  rest  of  them.  It  b  commonly  found  under  the  abacus  of  capitals.  The  ovolo  is  also 
almost  always  placed  Isetween  the  corona  and  dentils  in  the  Corinthian  cornice :  its  form 
gives  it  the  appearance  of  seeming  fitted  to  support  another  member.  It  should  be  used 
only  in  situations  alx>ve  the  level  of  the  eve.  2.  The  to&m,  ogeej  or  rev€r9ed  cyima 
{fig»  868.)  seems  also,  like  the  ovolo,  a  moulding  fit  for  the  support  of  another.  3.  The 
cyyjui,  cyma  redo,  or  eymatium  (^.  869.)  seems  well  contrived  for  a  covering  and  to  shelter 
other  members.  The  cyma  recta  is  only  used  properly  for  crowning  members,  though  in 
Palladio's  Doric,  and  in  other  examples,  it  is  found  occasionally  in  the  bed  mouldings 
under  the  corona.  4.  The  torus  (Jiff,  870.),  like  the  astragal  presently  to  be  mentioned, 
is  shaped  like  a  rope,  and  seems  intended  to  bind  and  strenffUien  the  parts  to  which  it 
is  applied ;  while,  5.  The  scoUa  or  trochUot  (Jig,  871.),  placed  between  the  fillets  which 
always  accompany  the  tori,  is  usually  below  the  eye ;  its  use  being  to  separate  the  tori,  and 
to  contrast  and  strengthen  the  effect  of  other  mouldings  as  well  as  to  impart  variety  to  the 
profile  of  the  base.  6.  The  cavettOt  movth,  or  hoBow  (  Jig,  872. )  is  chiefly  used  as  a  crown- 
ing  moulding,  like  the  cyma  recta.  In  bases  and  capitals  it  is  never  used.  By  workmen 
it  is  irequenUy  called  a  caeement.  7.  The  astragal  (Jig,  873. )  is  nothing  more  than  a  small 
torus,  and,  like  it,  seems  applied  for  the  purpose  of  binding  and  strengthening.  The  astragal 
is  also  known  by  the  names  of  fretu/  and  baguette.  8.  TbeJBbt,  Ustel^  or  annulet  (Jig,  874.) 
is  used  at  all  heights  and  in  all  situations.  Its  chief  office  is  the  separation  of  curved 
mouldings  from  one  another. 

2533.  Sir  William  Chambers  observes  on  these  different  mouldings  that  their  inventors 
meant  to  express  something  by  their  different  figures,  and  that  the  destinations  above  men- 
tioncd  **  may  be  deduced  not  only  from  their  figures,  but  from  the  practice  of  the  ancients 
in  their  most  esteemed  works ;  fbr  if  we  examine  the  Pantheon,  the  three  columns  in  the 
Campo  Vaccino,  the  temple  of  Jupiter  Tonans,  the  fragments  of  the  frontispiece  of  Nero, 
the  basilica  of  Antoninus,  the  forum  of  Nerva,  the  arches  of  Titus  and  Septimius  Sevcrus, 
the  theatre  of  Marcel  lus,  and  indeed  almost  every  ancient  building,  either  at  Rome  or  in 
other  parts  of  Italy  and  France,  it  will  be  found  that  iu  all  their  profiles  the  cyma  and 
cavetto  are  constantly  used  as  finishings,  and  never  applied  where  strength  is  required. 
l*hat  the  ovolo  and  talon  are  always  employed  as  supporters  to  the  essential  members  of 
the  composition,  such  as  the  modilliona,  dentils,  and  corona ;  that  the  chief  use  of  the 
torus  and  astragal  Lb  to  fortify  the  tops  and  bottoms  of  columns,  and  sometimes  <^  pe- 
destalsi**  .  .  .  *'and  that  the  scotia  is  employed  only  to  separate  the  members  of  bases,  fbr 
which  purpose  the  fillet  is  likewise  used  not  only  in  bases  but  in  all  kinds  of  profiles."  It 
is  the  fitness  of  these  forms  for  their  ends  in  their  several  situations  that  gives  them  a 
positive  and  natural  beauty,  which  is  immediately  destroyed  by  their  change  of  position,  as 
primary  forms  of*  architecture ;  and  the  author  just  quoted  well  observes,  "  that  Palladio 
erred  in  employing  the  cavetto  under  the  corona  in  three  of  his  orders,  and  iif  making  such 
frequent  use  through  all  his  profiles  of  the  cyma  as  a  supporting  member.  Nor  haa 
Vignola  been  more  judicious  in  finishing  his  Tuscan  cornice  witli  an  ovolo ;  a  moulding 
extremely  improper  for  the  purpose,  and  productive  q£  a  very  disagreeable  efifect ;  fbr  it 
gives  a  mutilated  air  to  the  whole  profile,  so  much  the  more  striking,  as  it  resembles  ex- 
actly that  half  of  the  Ionic  cornice  which  is  under  the  corona.** 

2534.  The  simplest  method  of  describing  the  contours  of  mouldings  is  to  form  them  of 
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quadrants  of  circles.  Those  of  the  otoIo,  talon,  cyma,  and  cavetto  being  equal  to  their 
height,  and  those  of  the  curve  parts  of  the  torus,  and  astragal  equal  to  half  their  height. 
Circumstances,  however,  often  justify  a  variation  from  the  rule ;  and  if  that  he  the  case,  the 
ovolo,  talon,  cyma,  and  cavetto  may  be  either  described  from  the  summits  of  equilateral 
triangles,  or  be  composed  of  portions  of  the  ellipsis,  which  latter  was  almost  constantly 
used  by  the  Greeks.  By  means  of  it  also  the  scotia  may  be  produced,  as  well  as  by 
quadrants  of  circles ;  but  the  curved  part  of  the  torus  and  astragal  is  always  semicircular 
in  form,  and  if  more  projection  is  wanted  it  is  obtuned  by  the  use  of  straight  lines. 

ORNAMKKTS   OF    MOULDINGS. 

2595.  In  ornamenting  the  profile  of  an  order,  repose  requires  that  some  mouldings  should 
be  left  plain.  If  all  were  enriched,  confriaion  instead  of  variety  would  result.  Except  for 
particular  purposes,  the  square  members  are  rardy  carved.  'Inhere  are  but  few  eiamples 
in  the  best  age  of  the  art  in  which  the  corona  is  cut ;  indeed  at  this  moment  the  only  one 
that  occurs  to  us  wherein  work  is  in  fine  style  is  that  of  the  three  columns  in  the 
Campo  Vaoctno.  So  where  the  ovolo  above  and  talon  below  it  are  carved,  the  dentil 
band  between  them,  should  be  uncut  Scamozzi,  in  the  third  chapter  of  his  sixth  book, 
inculcates  that  ornaments  should  be  neither  profuse  nor  abundant,  neither  are  they  to  be 
too  sparingly  introduced.  Thus  they  will  be  approved  if  applied  with  judgment  and  dis- 
cretion. Above  all  things,  they  are  to  be  of  the  most  beautiful  forms  and  of  the  exactest 
proportions;  ornaments  in  buildings,  b^g  like  the  jewels  used  for  the  decoration  of 
princes  and  princesses  and  persons  of  high  rank,  must  be  placed  only  in  proper  situations. 
Neither  must  variety  in  ornaments  be  carried  to  excess.  We  have  to  recollect  that,  being 
only  accessories,  they  must  not  obtrude  upon  but  be  kept  subordinate  to  the  main  object. 
Thus  ornaments  applied  to  mouldings  should  be  simple,  uniform,  and  combining  not  more 
than  two  distinct  forms  in  the  same  enrichment ;  and  when  two  forms  are  used  on  the  same 
moulding  they  should  be  cut  equally  deep,  so  tliat  an  uninterrupted  appearance  may  be 
preserved.  Mouldings  of  the  same  form  and  size  on  one  and  the  same  profile  should  be 
similar ;  and  it  is  moreover  a  requisite  of  the  greatest  importance,  so  to  distribute  the 
centres  of  the  ornaments  employed  that  the  centre  of  one  may  fall  exactly  over  the  centres 
of  those  below,  of  which  the  columns  of  the  Campo  Vaccino  form  an  example  for  imitation 
in  this  respect.  Nothing  is  more  offensive  than,  for  example,  to  see  the  middle  of  an  egg 
placed  over  the  edge  of  a  dentil,  and  in  another  part  of  the  same  moulding  to  see  them 
come  right,  centre  over  centre,  and  the  like  negligent  and  careless  distribution.  This  may 
always  be  avoided  by  making  the  larger  parts  regulate  the  smaller.  Thus  where  there  are 
modillions.tbey  must  be  made  to  govern  the  smaller  ornaments  above  and  below  them,  and 
these  smaller  ones  should  alwavs  be  subdivided  with  a  view  to  centring  with  the  larger 
parts.  The  larger  parts  are  dependent  on  the  axes  of  the  columns  and  their  inter- 
columniations ;  but  all  these  must  be  considered  in  profiling  the  order.  It  will  of  course 
be  necessary  to  give  the  ornaments  such  forms  as  may  be  consistent  with  the  character  of 
the  order  they  enrich.  The  enrichment  of  a  friese  depends  upon  the  destination  of  the 
building,  and  the  ornaments  may  have  relation  to  the  rank,  quality,  and  achievements  of 
the  proprietor.  We  do  not  agree  with  Chambers  in  condemning  the  introduction  of  arms, 
crests,  and  cyphers,  as  an  unbecoming  vanity  in  the  master  of  the  fiibric.  These  may  often 
be  so  introduced  as  to  indicate  the  alliances  of  the  fSunily,  and  thus  give  a  succinct  history 
of  its  connections.  In  Gothic  architecture  we  know  tiie  practice  induced  great  beauty 
and  variety.  We  have  before  observed,  in  Sect  I.  of  this  Book  (2520. ),  that  the  instru- 
ments and  symbols  of  pagan  worship  are  highly  indecorous,  not  to  say  ludicrous,  on 
edifices  devoted  to  the  Christian  religion. 

2536.  In  carving  ornaments  they  must  be  cut  into  the-soltd,  and  not  carved  as  if  they 
were  applied  on  the  solid,  because  the  latter  practice  alters  their  figure  and  proportion.  In 
fact,  every  moulding  should  be  first  cut  with  its  contour  plain,  and  then  carved,  tlie  most 
prominent  part  of  the  ornament  being  the  actual  sur&ce  of  the  moulding  before  carving, 
observing  that  all  external  and  re-entering  angles  are  kept  plain,  or  have  only  simple  leaves 
with  the  central  filament  expressed  on  or  in  the  angle.  In  the  circular  temple  of  Tivoli 
the  principle  of  cutting  the  ornament  out  of  the  solid  is  carried  out  so  fiu*,  tluit  the  leaves, 
as  usual  in  most  examples  of  the  Corinthian  order,  instead  of  being  mere  appliqu^  to  the 
bell  of  the  capita],  are  actually  cut  out  of  it 

25.S7.  The  degree  of  relief  which  ornaments  ought  to  have  is  dependent  on  their  distance 
from  the  eye  and  the  character  of  the  composition :  these  matters  will  also  regulate  the 
degree  of  finish  they  ought  to  possess.  There  are  some  mouldings  whose  profile  is  in- 
dicative of  bearing  weight,  as  Uie  ovolo  and  talon,  which  by  being  deeply  cut,  though 
themselves  heavy  in  character,  arc  thereby  susceptible  of  having  great  lightness  imparted  to 
them,  whilst  such  as  the  cyma  and  cavetto  should  not  be  ornamented  deep  in  the  solid.  The 
imitation  from  nature  of  the  objects  represented  should  be  carefully  observed,  the  result 
whereof  will  impart  beauty  and  interest  to  the  work  on  which  such  attention  is  bestowed. 
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CHAEACTCE8   OP   THE   OEDKRS. 

9538.  In  the  Pint  Book  of  this  work.  Sect.  XI.  (133,  ct  m^  )  we  have  conadered  the 
history  of  the  five  orders  of  Erchiteeture ;  we  shall  here  oflfer  some  general  obsenrations 
upon  them  before  proceeding  to  the  detail  of  eadi  separate!  j*  The  orders  and  their  several 
characters  and  qualities  do  not  merely  appear  in  the  five  species  of  columns  into  which  they 
have  been  subdivided,  but  are  distributed  throughout  the  edifices  to  which  they  are  appKed, 
the  column  itself  being  the  regulator  of  the  whole  comporition.  It  is  on  this  account  the 
name  of  orders  has  been  applied  to  the  differently  formed  and  ornamented  supports,  as 
columns,  which  have  receiveid  the  names  of  the  Doric,  Ionic,  Corinthian,  Tuscan,  and 
Composite  orders,  whereof  the  three  first  are  of  Grecian  origin,  and  the  two  last,  it  is  sup- 
posed, of  Italian  or  Roman  origin.  Each  of  these,  by  the  nature  of  its  proportions,  and 
the  character  resulting  from  them,  produces  a  leading  quality,  to  whieh  its   ~ 


form,  and  ornaments  correspond.  But  neither  of  the  orders  is  so  limited  as  to  be  confined 
within  the  expression  of  any  single  quality.  Thus  the  strength  indicated  in  the  Doric  order 
is  capable  of  bring  modified  into  many  shades  and  degrees  of  that  quality.  We  may  satisfy 
ourselves  of  this  in  an  instant  by  reference  to  the  early  compared  with  the  later  Doric 
column  of  the  Greeks.  Thus  the  columns  of  the  temple  at  Corinth  are  only  four  diaxnetcn 
high,  while  those  of  the  portico  of  Philip  are  six  and  a  hal£ 

2539.  As  the  Doric  seems  the  expression  of  strength,  simplicity,  and  their  various  modes> 
so  the  Ionic,  by  the  rise  in  height  of  its  shaft  and  by  the  slendemcss  of  its  mass,  as  well 
as  by  the  elegance  of  its  ca|Htal,  indicates  a  quality  intermediate  between  the  grave  solidity 
of  the  Doric  and  the  elegant  delicacy  of  the  Corinthian.  Bounded  on  one  side  by  strength, 
and  by  el^ance  on  the  other,  in  the  two  orders  just  named,  the  excess  of  elegance  in  the 
Corinthian  order  ends  in  luxury  and  richness,  whereof  the  character  is  imprinted  on  it. 

2540.  We  cannot  here  refrain  from  giving,  in  the  words  of  the  excellent  Sir  Henry 
Wotton,  a  quaint  and  homely,  but  most  admirable  description  of  these  five  orders,  frimi  his 
Elementt  of  Architecture.  **  First,  the  7\uean  is  a  plain  massive  rural  pillar,  resemUing 
some  sturdy,  well-limbed  labourer,  homely  clad,  in  which  kind  of  comparisons,  Vitruvius 
himself  seemeth  to  take  pleasure."  ( Lib.  iv.  cap.  1 . )  •  .  .  **  The  Dorique  order  is  the  gravest 
that  hath  been  received  into  civil  use^  preserving,  in  comparison  of  those  that  follow,  a  more 
mtucvHne  atpeet  and  little  trimmer  than  the  Tmscan  that  went  before,  save  a  sober  garnish- 
ment  now  and  then  of  Hone*  heads  in  the  cornice,  and  of  triglffpht  and  metopcM  always  in  the 
frixe,**  .  .  .  *<  To  discern  him  will  be  a  piece  rather  of  good  heraldry  then  of  arcAtfacters, 
fcMT  he  is  knowne  by  hb  place  when  he  is  in  company,  and  by  the  peculiar  ornament  of  his 
frize,  before  mentioned,  when  he  is  alone.**  .  .  .  **  The  fomique  order  doth  represent  a  kind 
of  feminine  slendemesse ;  yet,  saith  Vitruvius,  not  like  a  K^t  housewife,  but,  in  a  decent 
dressing,  hath  much  of  the  matrone,**  .  .  .  **  Best  known  by  his  trimmings,  for  the  bodie 
of  this  columne  is  perpetually  chanekdt  like  a  thiek-pleighted  gowne.  The  eapiiali  dressed 
on  each  side,  not  much  unlike  womeo*s  wires,  in  a  ^ind  wreathing,  which  Uiey  call  the 
Ionian  tfduta.**  .  .  .  **  The  Corinthian  is  a  columne  lasciviously  decked  like  a  oourteaan« 
and  therefore  in  much  participating  (as  all  inventions  do)  of  Ute  place  where  they  were 
first  bom,  Corinth  having  beene,  without  controversie,  one  of  the  wantonest  towns  in  the 
world.**  .  .  .  <*  In  short,  as  plainness  did  characterise  the  TWeaa,  so^  much  delicacie  and 
varietie  the  Corinthian  pillar,  be&ides  the  height  of  hb  rank.**  .  .  .  **  The  last  is  the  oom- 
pounded  order,  his  name  being  a  briefe  of  his  natnre  :  for  this  pillar  b  nothing  in  efllect  but 
a  medlie,  or  an  amaeae  of  all  the  precedent  onutments,  making  a  new  kinde  by  stealth,  and 
though  the  most  richly  tricked,  yet  the  poorest  in  this,  that  he  b  a  borrower  of  his  beautie.** 
"Each  of  the  orders,  says  De  Quincy,  is,  then,  in  the  building  to  which  it  b  applied,  the 
governing  principle  of  the  forms,  taste,  and  character  of  that  system  of  moral  order  met 
with  in  Grecian  architecture  which  alone  seems  to  have  suited  the  physical  order  of  pro- 
portions with  each  part,  so  that  what  b  agreeable,  ornate,  and  rich  b  equally  found  in  the 
whole  as  in  the  parts. 

2541.  On  the  two  Latin  orders  we  do  not  think  it  necessary  to  say  more  than  that  they 
will  be  fully  described  in  following  pages.  The  invention  of  new  orders  must  arise  out  of 
other  expressions  of  those  qualities  which  are  already  sufiSciently  well  and  beautifully 
expressed ;  hence  we  conrider,  with  De  Quincy,  to  attempt  such  a  thing  would  lie  vain. 
Chambers  thus  expresses  himself  on  this  subject,  without  the  philosophy  of  De  Quincy, 
yet  with  the  feelings  of  a  learned  and  experienced  architect :  **  The  ingenuity  of  man  has, 
hitherto,  not  been  able  to  produce  a  sixth  order,  though  large  premiums  have  been  offisred, 
and  numerous  attempts  been  made,  by  mea  of  first-rate  talents  to  accompli^  it.  Such  b 
the  fettered  human  imagination,  such  the  scanty  store  of  its  ideas,  that  Doric,  Ionic,  and 
Corinthian  have  ever  floated  uppermost,  and  all  that  has  ever  been  produced  amounts  to 
nothing  more  than  different  arrangements  and  combinations  of  their  parts,  with  some 
trifling  devbtions,  scarcely  deserving  notice;  the  whole  tending  generally  more  to  diminish 
than  to  increase  the  beauty  of  the  ancient  orders.**     Again :  *•  'Die  suppression  of  parts  of 
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the  ancient  orders,  with  a  view  to  produoe  novelty^  has  of  late  years  been  practised  among 
us  with  full  as  little  success ;  and  though  it  is  not  wished  to  restrain  sallies  of  imagination, 
nor  to  discourage  genius  from  attempting  to  invent,  yet  it  is  apprehended  that  attempts  to 
alter  the  primary  forms  invented  by  the  ancients,  and  established  by  the  concurring  appro- 
bation of  many  ages,  must  ever  be  attended  with  dangerous  consequences,  must  always  be 
difficult,  and  seldom,  if  ever,  successful.  It  is  like  coining  words,  which,  whatever  may  be 
their  value,  are  at  first  but  ill  received,  and  must  have  the  sanction  of  time  to  secure  them 
a  current  reception.** 

2542.  In  the  progress  of  the  five  orders,  from  the  Tuscan  up  to  the  Composite,  taking 
seven  diameters  for  the  height  of  the  Tuscan  column,  and  eleven  for  that  of  the  Composite, 
if  the  entablature  be  taken  of  the  same  absolute  height  in  all,  and  at  the  same  time  in 
height  one  quarter  of  that  of  the  column,  we  shall  have  the  height  of  the  entablature  in 
terms  of  the  diameter  of  the  column,  as  follows :  — - 

In  the  Tuscan  order     •  }  of  |  =  1)  entablature  diameters  high. 

In  the  Doric  order  j  of  f  =  2  entablature  diameters  high. 

In  the  Ionic  order       .  J  of  f  =  2}  entablature  diameters  high. 

In  the  Corinthian  order  4  of  *f  »  ^1  entablature  diameters  high. 

In  the  Composite  order  }  of  y  =»  2)  entablature  diameters  high. 

HKIOHT   AKD   DIMIirUTIOV   OP   COLUMKS. 

2543.  Vitruvius  tells  us  that  the  ancients  were  accustomed  to  assign  to  the  Tuscan 
column  seven  of  its  diameters  for  the  height ;  to  the  Doric,  eight ;  Co  the  Ionic,  nine ;  and 
to  the  Corinthian  and  Composite,  ten.  Scamozzi,  the  leader  of  the  moderns,  adopts 
similar  proportions.  But  these  are  not  to  be  considered  as  more  than  an  approximation  to 
the  limits,  nor  as  relating  to  the  proportions  between  the  heights  and  diameters  of  the 
ancient  Doric  euimples,  whereof  in  our  First  Book  we  have  examined  certain  speciraens. 
This  work  cannot  be  extended  to  a  representation  of  the  variety  under  which  the  orders 
have  appeared  in  their  various  examples  of  each  order.  The  works  in  which  they  are 
oontaiiwd  must  be  consulted  for  particulars  of  detail  in  this  respect.  Our  intention  is  to 
give  general  information  on  the  subject,  and  to  follow,  with  few  exceptions,  in  that  respect, 
the  precepts  of  Vignola,  as  tending  to  the  most  generally  pleasing  results,  and  as  being 
also  those  which  have  been  adopted  on  the  Continent  for  general  instruction  in  the  art. 

2544.  We  have  already  spoken  (2524,  et  seq,)  of  the  general  proportion  of  the  height  of 
the  entablature  to  that  of  the  column  as  one  fourth,  and,  without  returning  to  the  discussion 
€tf  the  propriety  of  that  proportion*  will  only  here  incidentally  mention  that  ScannoKsi,  Bar- 
baro,  Alberti,  and  Palladio  have  not  assigned  so  great  a  height  to  their  entablatures,  chiefly, 
it  appears,  because  they  seemed  to  consider  the  slendemess  of  the  columns  in  the  more  deli- 
cate orders  unsuited  to  the  reception  of  heavy  burdens.  If,  however,  the  reader  will  bear  in 
recollection  what  has  been  said  at  the  beginning  of  this  section  relative  to  the  supports  and 
weights,  it  will  directly  occur  to  him  that  the  practice  these  great  masters  sanctioned  is 
not  founded  upon  just  deductions.  Chambers  seems  to  have  had  a  glimpse  of  this  theory, 
but  without  any  notion  of  its  developenient,  when  he  says,  '*  It  must  be  remembered  that, 
though  the  height  of  an  entablature  in  a  delicate  order  is  made  the  same  as  an  a  massive 
one,  yet  it  will  not,  either  in  reality  or  in  appearance,  be  equally  heavy,  for  the  quantity  of 
matter  in  the  Corinthian  cornice  A  (Jig.  875.)  is  considerably  leas  than  in  the  Tuscan 
cornice  B,  and  the  increased  number  of  parts  composing  the  former  of  these  will  of  course 
make  it  appear  fiur  lighter  than  the  latter.*'  He  was,  however,  nearer  the  exact  truth 
where  he  speaks  in  a  previous  passage  of  the  possibility  of  increasing  the  intervals  between 
the  columns. 

2545.  The  diminution  or  tapering  form  given  to  a  column,  whereof  all  the  authors  find 
the  type,  whether  truly  or  not,  in  that  of  the  trunk  of  a  tree,  in  the  ancient  examples,  some- 
times commences  from  the  foot  of  the  shaft,  sometimes  from  a  quarter  or  one  third  of  its 
height,  in  which  case  the  lower  part  is  a  perfect  cylinder.  Though  the  latter  method  has 
been  mostly  adopted  by  modern  artists,  the  former  seems  more  to  have  prevailed  among  the 
ancients.  Of  the  method  of  entasis,  that  is,  of  swelling  columns  as  they  rise,  we  have  already 
spoken  in  the  First  Book  (144. ).  A  curve  of  diminution,  if  we  may  so  term  it,  in  which  the 
lowerpart  does  not  mudi  vary  firom  the  cylinder,  but  never  much  exceeding  its  boundary 
for  the  height  of  one  third  upwards,  is  the  best,  and  to  something  like  that  we  now  come. 
Blondel  (  ResoiMiiom  det  quatre  frindpaMX  ProbUmes  d^ Arthittetwre)  says,  that  the  best  and 
simplest  instrument  for  the  diminution  of  columns  is  that  inventecl  by  Nicomedes  for 
describing  the  first  conchoid,  which,  applied  at  the  bottom  of  the  shaft,  gives,  by  continued 
motion,  both  the  swelling  and  the  diminution.  Vignola  had  not  strictly  anticipated  Blondel 
in  this  method,  which,  it  is  said,  was  that  used  for  the  columns  in  the  Pantheon ;  but  the 
old  master  had  come  so  near  to  it  that  we  shall  first  describe  Vignola's  method,  and  then 
that  proposed  by  Blondel.     Vignola  having  already  spoken  of  the  common  practice,  says, 
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F\$t.  876 


(Stamponi's  edit.  Dei  einque  Ordini  tTArchUetturoy  Roma,  1770,  cap.  7.  p.  51.),  **  In  re- 
spect of  this  second  mode,  it  is  my  own  diseovery,  and  will  be  soon  understood  by  the 
figure,  though  not  so  well  known  as  the  first  named.  The  measures  of  the  column 
having  been  fixed,  namely,  the  height  of  the  shaft  and  its  upper  and  lower  diameters, 
from  C  (Jig'  876.),  draw  an  indefinite  line  through  D  perpendicular  to  the  axis  of  the 
column.  From  A,  the  extreme  point  of  the  upper  semi-diameter,  to  B,  a  point  in  the 
axis,  set  off  CD  the  lower  semidiameter.  Through  B  from  A  draw  the  line  ABE,  cutting 
the  indefinite  line  CD  in  £,  and  from  the  point  of  inter8ecti<m  £  and  through  the  axis  of 
the  column  draw  any  number  of  rays,  as  EBa,  whereon,  from  the  axis  towards  the  circum- 
ference, setting  off  the  interval  CD,  any  number  of  points  aaa  may  be  found,  and  through 
them  a  curve  being  drawn  gives  the  swell  and  diminution  of  the  shaft. 

2546.  This  method  is  so  fiir  defective  as  to  require  the  curve  to  be  drawn  by  hand  on 
the  application  of  a  flexible  ruler  through  the  points  found.  To  remedy  the  defect,  Blon- 
del,  who  cm  investigation  of  the  curve  found  it  to  be  a  conchoid,  applied  the  instrument 
of  Nicomedes  for  the  purpose,  the  descri|>tion  of  which  instrument  here  follows.  The 
height  of  the  shaft  and  the  upper  and  lower  diameters  of  the  column  having  been  deter- 
mined, as  also  the  length  (/ig,  876.)  of  the  line  CDE,  take  three  rulers,  FG,  ID,  aad  AH, 
of  which  let  FG  and  ID  be  fastened  together  at  right  angles  in  G.  From  top  to  bottom 
let  a  dovetail  groove  be  cut  down  the  middle  of  FG,  and  at  E  on  the  ruler  ID,  whose 
length  fit>m  the  centre  of  the  groove  in  FG  is  the  same  as  that  of  Uie  point  of  interaeetion 
firom  the  axis  o{  the  columiv  fix  a  pin.  On  the  ruler  AH  set  off  the  distance  AB  equal 
to  the  lower  semidiameter  of  the  column  CD,  and  at  the  other  end  of  the  ruler  cut  a  sKt 
through  it  from  H  to  K,  the  lenffth  whereof  must  at  least  be  equal  to  the  difilerenee  in 
length  between  EB  and  ED,  and  its  breadth  suflScient  to  admit  the  pin  fixed  ad  £  to  pass 
through  the  slit,  and  allow  the  ruler  to  slide  thereon.  Now,  the  middle  of  the  groove  in 
the  ruler  FG  being  placed  exactly  over  the  axis  of  the  eolumn,  the  ruler  AH  in  mtoving 
along  the  groove  will  with  its  extremity  A  describe  the  curve  AoaC,  wfaidi  curve  is  the 
same  as  that  produced  by  Vignola*s  method,  except  that  the  operation  is  performed  by  the 
continued  motion  of  the  ruler  A  H.  If  the  rulers  be  of  an  indefinite  size,  and  the  pins  at 
£  and  B  be  made  to  move  along  thor  respective  rulersy  so  aa  to  be  able  to  increase  or 
diminish  at  pleasure  the  lengtfn  AB  and  D£,  the  instrument  will  answer  fiar  dmwio^ 
columns  of  any  sixe. 

2547.  The  diminution  of  the  column  as  respects  quantity  is  rarely  in  ancient  exampiea 
less  than  one  eighth  of  the  lower  diameter  of  the  column,  nor  often  more  than  one  sixth,  as 
will  be  seen  in  the  subjoined  examples.  One  sixth  is  the  diminution  recommended  by 
Vitruvius,  and  followed  by  Vignola,  in  all  his  orders,  except  the  Tuscan.  In  the  following 
table  the  first  column  contains  the  order ;  the  second,  the  example ;  the  third,  the  height 
of  the  column  in  English  feet  and  decimal  parts  of  a  foot ;  the  fourth  column  shows  its 
diameter  in  similar  terms ;  and  the  fifth  the  ratio  of  diminution.  l*he  dimensions  are  ft^m 
Perrault,  reduced  here  from  French  to  English  feet. 
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• 

Height  of 

Diametf^r  of 

V^       A.M               J> 

Order. 

Examples. 

Column  la 

Ck>luron  in 

Ratio  of 

English  Feet 

English  Feet. 

Diminution. 

Doric 

Theatre  of  Marcellus     ... 

22*386 

3-198 

0-200 

— 

Coliseum      -         -         -         .         - 

24-384 

2-865 

0-077 

Ionic 

Temple  of  Concord        .         -         - 

38-376 

4-485 

0*182 

— 

Temple  of  Fortuna  Yiriliii 

24-340 

3-109 

0-125 

— 

Colisieum      -         . 

24-518 

2-909 

0-166 

Corinthian 

Temple  of  Peace  -         .         -         - 

52-400 

6-041 

0-1 U 

^— 

Portico  of  Pantheon      ... 

38-998 

4-796 

0-106 

— 

Altars  of  Pantheon        -         -         - 

11-548 

1-465 

0-133 

— 

Temple  of  Vesta  -         -        -        - 

29-226 

3-109 

0-111 

— 

Temple  of  the  Sybil  at  TitoU 

20-254 

2-487 

0-133 

— 

Temple  of  Faustina       ... 

38-376 

4-796 

0-183 

— 

Columns  of  Campo  Vaccino  - 

39-975 

4-640 

0-111 

— 

Basilica  of  Antoninus    ... 

39-442 

4-752 

0-106 

— 

Arch  of  Constantine      ... 

23  097 

3-435 

0-117 

— 

Interior  of  Pantheon     -         .         - 

29*314 

3-642 

0-133 

— 

Portico  of  Septimius      ... 

39-442 

3-632 

0-125 

Composite. 

Baths  of  Diocletian        ... 

37-310 

3-553 

0-200 

— 

Temple  of  Bacchus       ... 

11-371 

1-443 

0-111 

— 

Arch  of  Titus       .... 

17-056 

2-102 

0-117 

""^ 

Arch  of  Septimius  Severus     > 

23-097 

2-877 

0-117 

2548.  The  recommendation  of  Vilruvius  (lib.  iii.  c.  2.)  to  gire  different  degrees  of 
diminution  to  columns  of  different  heights  has  been  combated  by  Perrault  in  his  notes  on 
the  passage ;  and  we  are,  with  Chambers,  of  opinion  that  Perrault  is  right  in  his  judgment, 
inasmuch  as  the  proper  point  of  view  for  a  column  fifty  feet  high  ought  not  to  be  at  the 
same  distance  as  for  one  of  fifteen,  the  point  being  removed  more  distant  as  the  column 
incrieases  in  height,  and  therefore  the  apparent  relation  between  the  upper  and  lower 
diameters  would  appear  the  same.  **  When,  therefore,"  observes  Chambers,  "  a  certain 
degree  of  diminution,  which  by  experience  is  found  pleasing,  has  been  fixed  upon,  there 
will  be  no  necessity  for  changing  it,  whatevei'  be  the  height  of  the  column,  provided  the 
point  of  view  is  not  limited ;  but  in  close  places,  where  the  spectator  u  not  at  liberty  to 
choose  a  proper  distance  for  his  point  of  sight,  the  architect,  if  he  inclines  to  be  scru- 
pulously  accurate,  may  vary.  Though  it  is,  in  reality,  a  matter  of  no  importance,  as  the 
nearness  of  the  object  will  render  the  image  thereof  indistinct,  and,  consequently,  any  small 
alteration  imperceptible.**  Our  author  afterwards  adds:  **  It  must  not,  however,  be 
imagined  that  the  same  general  proportions  will  in  all  cases  succeed,  lliey  are  chiefly 
collected  from  the  temples  and  other  public  structures  of  antiquity,  and  may  by  us  be 
employed  in  churches,  palaces,  and  other  buildings  of  nuignificence,  where  migesty  and 
grandeur  of  manner  should  be  extended  to  their  utmost  limits,  and  where,  the  composition 
being  generally  large,  the  parts  require  an  extraordinary  degree  of  boldness  to  make  them 
distinctly  perceptible  from  the  proper  general  points  of  view.** 

SUBDIVISION    OF    XNTABLATURS8. 

2549.  We  have  spoken  of  the  entablature  as  the  fourth  part  of  the  height  of  the  column. 
In  general  terms,  its  subdivisions  of  architrave,  frieze,  and  cornice  are  obtained  by  dividing 
its  height  into  ten  e<}ual  parts,  whereof  three  are  given  to  the  architrave,  three  to  the  frieze, 
and  four  to  the  cornice ;  except  in  the  Doric  order,  in  which  the  whole  height  of  the 
entablature  is  divided  into  eight  parts,  of  which  two  are  given  to  the  architrave,  three  to 
the  frieze,  and  three  to  the  cornice.  From  these  general  proportions  variations  have  been 
made  by  different  masters,  but  not  so  great  as  to  call  for  particular  observation.  They 
deviate  but  little  from  the  examples  of  antiquity  ;  and  the  ease  with  which  they  may  be 
recollected  render  them  singularly  useful. 


MODE    OP   MKASmiMG    THB   ORDBBS. 

2550.  Several  methods  have  been  used  for  forming  the  scale  of  equal  parts,  by  which  the 
orders  are  measured ;  but  they  are  all  founded  on  the  diameter  of  the  column  at  the  bottom 
of  the  shaft ;  for  those  that  use  the  module  or  semi-diameter  as  the  measuring  unit  (which 
all  have  done  in  the  Doric  order)  must  still  recur  to  the  diameter  itself.  The  authors 
have  also  ubually  divided  it  into  thirty  parts,  but  all  concur  in  measuring  by  an  unit  founded 
on  the  diameter.  We  shall  follow  the  practice  of  Vignola  in  describing  the  orders,  that 
master  dividing  the  diameter  into  two  equal  parts,  of  which  each  is  the  unit  of  the  scale  for 
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profilinft  the  order.  The  maliile  tor  the  two  (tnt  orden,  the  Tuscan  uid  Doric,  i*  dividal 
into  Iwelic  parts  or  nimifet ;  and  Tor  the  Ionic,  Corinthian,  and  Compoaile  orden  into 
nghtevn  pirti,  bjr  which  minute  fi««tions  *re  avoided. 

^5>.  For  drawing  or  pniiiliai].  u  it  ia  called,  an  order,  the  proper  way  i*  lo  let  out  the 
height  of  the  lovlinK  parts  and  their  projections,  and  then  proceed  to  the  lubdiviaiaiu  of 
each.  At  a  generiU  rule,  we  mmj  mention  that  it  ii  usutil  lo  nuke  projections  of  coniiea 
nearly  ur  quite  equal  to  their  heights. 


2SSQ.  The  application  of  the  ordera  aniong  the  ancients  was  eic 
Porticoes  abounded  about  their  cities ;  their  temple*  were  almost  grovi 
which  also  were  profusely  decorated  their  theatres,  baths,  basilics, 
buildings,  as  were  no  less  the  courts,  veitihules,  and  balls  of  their  priva 
modemi  have  in  a  great  meaiure  imitated  .their  eismple.  and  their 
eicfeded  the  limits  of  propriety.      The  maiim  of  Horace, 


xUngly  e. 
.  of  colum 


iebeeni 


d  by  ai 


The 


■llinga.    "The 

1  ineir  use  nas  Tery  much 

Deui  intersit,'*  hag  in  no 

n  the  urnieceraary  introduction  of  the  orders  on 

if  fitnesa.  being  applied  to  their  employment  is 


SSSa.  The  reader,  in  fy.  877.,  h 
order  and  its  details.  A  almws  i 
plnn  of  the  iolite  of  tbe  cornice,  i 
B  i>  a  plan  of  the  cspital.  The  ela 
pie  i.1  Irom  Vlgnola's  profile,  whctcon 
we  consider  it  proper  to  remark,  i 
conformity  with  an  opinion  beibre  « 
preawd  (3533,  9533.).  that  the  orolo 
which  erowns    ■  ... 

proper  moulding  ■ 


s  lillet  a 


The  substitu 


fould  h 


m  the  gKnuetrteal  repmantatioo  of  tb*  Tuacai 


effect. 

2554.  "  The   Tuscan 
imbers,  "  admlu  of  n 


>  the  01 


trary,  i 


sometimes  customary  to  represent  on 
the  shaft  of  its  column  rustic  cinc- 
tures, a)  at  the  Palaee  Pitli  in  Flo- 
rence, that  of  the  Luiembourg  in 
Paris,  York  Stairs  in  London,  and 
many  other  buildings  of  note.  This 
practice,  though  frequent,  and  to  be 
found  in  the  works  of  many  cele- 
brated architects,  ia  not  always  ei- 
cu«ble,  and  should  be  indulged  with 
hide*  die  natural  figure 
in,  altera  ila  proportiona. 


of  the  coll 


the    I 


nplicity   of  tl 
Then 


e  few 


of  ibese  banda         , 

remun*  of  antiquity,  and  m  general  it  will  be  adi 
reaening  the  rustic  work  for  the  int«columni■tion^  where  i 
propriety,  to  produce  an  oppositiun  which  will  help  to  re 
composition  dirtinct  and  striking."  Our  aullior  proceed] 
works,  of  which  the  ports  being  few  are  eawly  e.imprehu 


iiended.  ai 


ery  con«derabIy  t 


void  them 

in  all  large  deaigna. 

idcr  the  aspect  of  ■ 

to  obaeni 

e,  that-i 

may  bet 

ometime. 

prtjdoc- 

the  masc 

line  bold 

aspcct  of 

C«it.  I.  THE  TUSCAN  ORDER  em 

the  compoutioD.*  Le  Clerc  allows  their  pioprUt;  in  the  g*lei  of  citadels  and  piinms, 
■nd  also  coimden  them  not  out  of  place  fot  gates  lo  gardens  or  parlu,  lor  gioltoei,  fbun- 
Uins,  and  bstha.  Delorme  nude  abundant  UK  of  Ihetn  in  aeverBl  paits  of  the  Thuillcries, 
covering  Ihcin  witli  armi.  cypheia,  and  other  enrichments.  Thej  are  lo  be  found  in  the 
detail  of  the  Louvre,  with  vermiculated  ruMica.  De  Chambrsi.  who  banishes  the  Tiucan 
order  (o  the  couDtrjr,  neiertheleas  admita  that  the  Tuscan  column  may  be  consecrated  to 
the  eomineinora^on  of  great  men  and  their  glorious  octiona,  instancing  Tr^jan'i  column, 
one  of  the  proudest  monuments  of  Roman  splendour,  as  also  the  Antonine  column. 

25.55.  Having  adjusted  the  siie  of  the  module  vich  iu  subdivisions  of  turelve  parti, 
so  that  the  paper  or  other  material  on  which  the  order  is  proliled  maf  contain  the  vhole 
of  the  order,  it  alirajs  being  understood  that  the  reprnentntion  for  practical  purposes  need 
not  include  the  whole  height  of  tlie  shaft  of  the  column,  whose  minutis  of  diminution 
maj  form  the  subject  of  a  separate  drawing,  the  first  step  is  to  draw  a  perpendicular  line 
for  the  aiiaof  the  coluion.  Parallel  to  the  base  lines  arc  then  to  be  drawn,  according  lo 
the  dimensions  (parts  of  the  module)  given  in  the  table  subjoined  ;  and  the  beginner,  as 
well  OS  the  more  practised  man,  Is  recommended  not  to  set  up  these  as  ttiey  are  given 
•epBrately,  but  in  every  case  to  add  the  succeeding  dimensions  to  those  preceding  rather 
than  to  set  them  oET  one  by  one,  which,  on  a  small  scale,  causes  minute  errors  in  reading 
off  from  the  scale  to  become  in  the  end  large  in  amount.  B;  the  adoption  also  lU 
such  a  practice  the  work  corrects  Itself  as  it  proceeds.  As  the  heights  are  set  up,  the 
projection  of  each  member  from  the  aiis'of  the  column  is  to  be  set  ofT,  and  this  should 


699 


PRACTICE  OP  ARCHITECTURE. 


BgoK  III. 


Tasli  op  thb  Pakts  of  thx  Tuscav  OaDBB. 


HetahU  of 

Mouidlnn  in 

Parte  of  a 

Fn4«cttoa 

Moulding!  whereof  th«  Farti  are  oompoMd. 

from  the  Axis  of 
Column  inhru 

Modula 

of  a  Module. 

Emtablaturb. 

1 

Cymatium, 
and  parts. 

r  Quarter  round 
Astragal        ... 
RUet    ...         - 

4 
1 

1 

S71 
331 

Cong6,  or  cavetto  - 

1 

22| 

Cornice  A, 

Corona           -         -        - 

5 

22) 

16  parts. 

' 

Drip     .... 
Sinking  ft-om  corona,   or 

I 

21) 

hollow        -         -         - 

1 

191 

Fillet    .         -         .        - 

14 

I  Bed  moulding  Ogee  .         .        -         - 

4 

134 

Frieze  B, 
14  parts. 

^                 «                 «                 M                A                 «                 * 

14 

^ 

> 

Architrave  C, 
12  parts. 

FUlet.          Fillet,  or  listel 
Fa«^       f  Cong^,  or  small  cavetto  - 
I  Fascia  -         -         -         - 

2 
2 
8 

The  height  ofth< 

I  drip  under  the  corona  is  taken  on  that 

member,  and  that  of  the  hollow  in  the  height  of  the 

fillet 

Column. 

■ 

Fillet    -        .         .        - 

1 

1^ 

Capital  D, 

Abacus. 

Contf^  or  cavetto   - 
Band     .... 
■  Ovolo   .         -         -         • 

1 
2 
S 

1S| 
131 
13| 

12  parts. 

Cymatium. 

Fillet    .... 

1 

10| 

Cong^  or  cavetto   - 

1 

H 

Neck,  or  Hy 

>otrachelion     ... 

S 

H 

Shalt, 
12  modules. 

Astragal,  or , 
necking. 

Shaft. 

Bead     .... 
FiUet    .... 
Cong^,  or  cavetto  - 
Shaft     -         .         -         - 

1 

i 

1 

11  mod.  8  parts. 

11 

lOJ 

21 

,  Congd,  or  apophyge 

H 

12 

BascE, 
12  parts. 

fFUlet    -         .         -         . 

•  Torus    -        -         -        - 

.     -                  I  Plinth  .... 

Pbdbbtal. 

I 
s 

6 

131 
164 
16i 

Cornice  G, 
6  parts. 

( cyuuuium.  { ^1 :    :    :    : 

2 

4 

201 
20 

DieF, 

^       f  Die,  or  dado 

*      1  Cong^  or  apophyge 

3mod.4parts. 

161 

44  parts. 

2 

161 

Base, 

r                       fFUlet    -        .        .        . 
•        •      X  Plinth  -        .         -        . 

1 

181 

6  parts. 

5 

201 

2556.  Vitruvius  in  this  order  forms  the  columns  six  diameters  high,  and  makes  their 
diminution  one  quarter  of  the  diameter.  He  gives  to  the  base  and  capital  each  one  module 
in  height.  No  pedestal  is  given  by  him.  Over  the  capital  he  places  the  architrave  of 
timber  in  two  diicknesies  connected  together  by  dovetailed  dowels.  He  however  leaves 
the  height  unsettled,  merely  saying  that  their  height  should  be  such  as  may  be  suitable  to 
the  grandeur  of  the  work  where  they  are  used.  He  directs  no  frieze,  but  places  over  the 
architrave  cantilevers  or  mutuli,  projecting  one  fourth  part  of  the  height  of  the  column, 
including  the  base  and  capital.  He  fixes  no  measure  for  the  cornice,  neither  does  he  give 
any  directions  respecting  the  intercoluraniations  of  this  order.  The  instructions  are  not  so 
specific  as  those  which  he  lays  down  fox  the  other  orders,  and  there  have  been  various 
interpretations  of  the  text,  which  unfortunately  cannot  in  any  of  the  suppositions  be  tested 
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m  aneieirt  remuiu.     Ttw  whole  ho^it,  ucoiding  to  tha  meuuring  unit  whicfa  we  lun 
•dopted  from  VigiM^*,  U  1 6  modulea  uwl  3  p4rt*. 

5557.  Palladio  Dwlta  the  bright  of  hi*  Tiuon  coIucqd  6  dumeten,  uid  dimlnuhei  the 
fiatt  one  fburib  of  •  dianieter.  The  hraght  of  the  base  and  capital  are  each  half  a  diameteT. 
He  proridei  no  pedestal,  but,  inateail  thereoC  places  the  baie  of  the  column  on  a  xooalo  or 
lofty  plinth,  vboM  heiibt  ii  equal  to  the  diameter  of  the  column.  He  leaves  tbe  inter- 
oolumnLation  uotettled,  merely  hinting  that  aa  the  uehitnire)  are  of  limber,  they,  tha 
intereolumniationi  may  ha  wide.  The  whole  bright  bjr  him  asaigned  to  tbe  order  ia  9 
diameteiB  and  three  quarten  of  the  column.  The  whole  bright  according  to  our  leale  ia 
1 9  module*  and  6  parts. 

5558.  Serlio  m^ea  the  column  of  tbe  order  5  diameten  eiclusTe  of  base  and  capital, 
eaoh  of  which  are  half  a  diameter  in  height,  and  bia  diminution  is  one  quarter  <rf'  tbe 
diameter.  He  giTes  half  a  dianieter  to  the  height  of  the  arcbitrare,  and  an  equal  height 
to  the  (rieie  ud  to  the  cornice.  Hi*  pedeatal  i*  with  a  plinth  and  base,  a  die,  and 
cymatium,  the  whole  being  a  third  of  the  bright  of  tbe  column.  He  giiea  no  rules  fbr  the 
intercolumniations,  though  in  book  4.  he  ioaerts  a  diagram  wherein  uitefcolumna  appear, 
nerely  saying  that  they  are  equal  to  3  diameter*.  The  total  beigbt  according  to  our 
mnauie  'a  19  modules  and  3  part*. 

QSS9.  Scamoaii  make*  the  abaft  of  hi*  column  6  diametei*,  and  diminiahe*  it  one  fburtb 
part  of  it*  diameter.  The  brighta  of  the  base  and  capital  are  each  half  a  diameter.  To 
the  entablature  be  aaaigna  tor  height  one  fourth  of  the  height  of  the  column,  including  its 
base  ■rt^^  coital,  less  half  it*  diameter.      He  placea  a  sort  of  triglyph  in  the  ftieae,  wbicil 
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beigfat,  irhieb  U  that  of  the  fiieie.  The  tbtSt  U  tuuallf  ehumdleil  with  tweotj  JUltt. 
Over  (he  trigljrphi  nt  ttutributed  MHttJa  or  modilliona.  uul  uiotber  peculuritf  u  Um 
Introduction  of  ffutttt  or  dropi,  which  deeorale  tbe  solite  of  the  oonuec  and  the  feet  of  tbe 

triglyph*- 

2561,  Dftnler,  ipeaking  of  tbe  two  Doric  entabUtures  given  by  Vignols,  uiniree  th* 
elegance  of  their  compoution,  and  scarceljr  knowi  which  of  tfaem  to  select  ai  the  moat 
beautiful.  "  The  firat '  (or  denticular),  hereafter  immediatelj  lubjinntd,  laji  Chamber^ 
following  that  author,  *■  vhieh  is  entirely  antique,  ia  tbe  ligbteat,  and  eooiequentlj  pro- 
pereflt  for  interior  decoration  or  objeeta  intended  for  near  inspection  ;  tbe  other,  eompoaed 
by  Vignola  hinuelf  from  various  fragments  of  antiquity,  being  bobler,  and  ecmiiating 
of  larger  parts,  Beems  better  calculated  for  outside  works  and  placea  wbere  tbe  point  of 
view  is  either  diilant  or  unlimited.  On  polygonal  plans,  however,  the  mutule  soroiee 
must  be  avoided,  because  tbe  soiiteB  of  the  angular  mutules  would  form  Irregular  and  very 
diaagreeable  figures  :  neither  should  it  be  employed  in  concavei  of  inuJI  dimennODa,  for 

difficult,  often  impoauble,  to  prevent  the  mutules  from  penetrating  and  mu^ting  each 
other  in  various  unsightly  manners ;  and  wherever  this  cornice  is  used  on  a  convex  aur&ee, 
the  sides  of  the  mutules  must  be  made  paralLet,  for  it  would  be  both  disagreeable  and  uo- 
natural  to  see  them  broader,  and  coniequently  heavier  in  front  than  where  they  spring  out 
of  the  mutule  band."  We  have  elsewhere  ab«rved  that  there  is  very  great  difficulty  in 
distribuling  the  parts  of  the  Doric  entablature,  on  account  of  the  intervals  between  the 
centres  of  the  triglyphi,  which  necessarily  confine  the  composer  to  intercolumniationa 
divisible  by  two  modules  and  n  hal^  thus  producing  spaces  whidi  are  often  too  wide  or 
too  narrow  for  hii  purpoaes. 


S569.  In^.  88a  the  entablature  of  tbe  roiitular  Doric  order  i 
than  that  of  the  preceding  Hgure  i  and  we  subjoin,  w  in  tbe  Tuscai 
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^If 

£Sr.^i 

MouMlivt  wbenoT  lbs  Puu  at  coupoMd. 

Cdlu^DlnPuu 

oTa  Hodult. 

Fillet  of  the  corona      - 

1 

34 

Cyraa  - 

3 

31 

Rllet  - 

) 

1 

30| 

Corona 

H 

30 

Cornice  A, 

29i 

ISpmrt^ 

Mulale 

Drip 

Gutta  of  the  mutule      - 

EeUnua.  or  iiuutcr  round 

Fillet  -             - 

3 

281 

1 

Capital  of  the  triglyph 

s' 

Frie-eB,       f  IViglyph 

18 

101 

18  parti.         I  Metope 

IS 

Listel  ■ 

8 

ArchltnTB  C 

Capiul  of  (be  guttai     . 

Gutts 

First  liiacia       - 

,i 

"1 
101 

12p«tl 

M 

Secoud&aeU    -             .              .              . 

* 

D  ia  tbe  plan  ofi  triglyph  to  double  tlie  Kale. 

E  U  Ibe  pUn  or  the  round  or  square  gutls. 

F  it  tbe  eleiation  of  the  tHgl^ph  and  its  guttn. 

2563.  To  obviate  the  difficuliis  rot 
often  been  omitted  and  the  eniabUtu: 
nadee  of  SL  Peter's  of  the  Vatican,  am 
an  easy  eipedient;  but  as  it  robs  the 
remedir  is  a  desperate  one,  and  should 

2564.  The  Doric  order  was  used  bi 


lioned  in  £561.  relatiye  to  the  trigljrpha,  tl 
:  left  plain,  as  in  the  Coliseum  at  Rome,  tl 
in  many  other  building.  This,  says  Cba 
order  of  its  principal  characteriitie  distinc 
nly  be  employed  as  a  last  resource. 
the  ancients  in  temples  dedicated  to  Mi: 
luildings,  Serlio    


ey  ha.e 


churches  dedicated  to  <aint<  remarliBble  by  their  suffering  for  the  Christion  faith.  I^  Clerc 
su^ests  its  use  for  military  buildings.  "  It  may,"  says  Chambers,  "  be  employed  in  the 
houses  of  generals,  or  other  mntiiaJ  men,  in  mausoleums  erected  to  their  memory,  or  in 
triumphal  bridges  and  arches  built  to  celebrate  their  victories. " 

2665.    As  the  difference    between  tbe  muEular   and   denticular    Doric  lies  entirely  in 
the  entablature  we  give  in   the  following  tabic  the  whole  of  the  details  of  the  order. 


that  ftom  the  capitals 
ich.     Fiff.  aai.  represent! 


e  denticular  Doric  and  its  part*, 
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which,  mth  tboM  •»!  the    eapiul,  hue,  and  pedeMd,  an  in  fy.  88S.  giTCO  to  a  larger 


Kala,  a*  w«  have  befbre  reprcKnled  the  puts  of  the  Tuacan  order.      The  general  table  a 


H2" 

'SS 

A.  Cornice. 
IS  parti 

B,  Fr™, 
18  parti 

ExiABLATUal. 

Fillet  of  corona 

CaTetto             -             .              .             . 

Fillet 

C/ma  revena  -             .              -             . 
Corona              .... 

Drip 

FillM 

Gutla  under  the  eorona 

Dentil                .... 

Fillet 

Cjma  rere™  .... 
Capital  of  iriglrph        - 

-^£T    :     :     :     : 

'i 
.1 

IB 

Si 
31 
S6 

SO 
884 
271 
25 
»( 
IS 

isi 
"<H 

10 
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Uemben  composing  the  Order. 


C,  Architrave, 
10  parts. 


D,  Capital, 
12  parts. 


Listel 

Capital  of  guttae 

Gutt« 

Fascia 

Column. 

Listel 

Cyma  reversa  - 

Band  •  -  . 

Echinus  or  quarter  round 

Three  annulets 

Neck  of  capital 

rOvolo 
Astragal  ^Fillet 

[Cong^ 


Shaft  of  tbs  Column,  14  modules. 


£,  Base, 
12  parts. 


F,  Cornice, 
6  parts. 


Apophyge  or  cong6 

Fillet  - 

Astragal 

Torus 

Plintli 

PSDESTAL. 

Listel 
Echinus 
Fillet  . 
Corona 
.  Cyma  reversa  • 


Dis  OF  THE  Pedestal,  4  modules. 

'  Cong6 

FiUet  - 
G,  Base,  Astragal 

10  parts.         j  Inverted  cyma 

Second  plinth 

First  plinth 


HeighU  in 

Projectlont  In 
ParU  of  a 

Part*  of  a 

Module  from 

Module. 

Axil  of  Column. 

2 

"1 

1 

11 

H 

11 

10 

10 

1 

151 

1 

15} 

S| 

14 

2| 

ISf 

l| 

^H 

4 

10 

1 

12 

.1 

10 

2 

12 

.1 

14 
14| 

4 

17 

6 

17 

} 

23 

1 

22f 

i 

21} 

^ 

21 

n 

I8i 

1 

17 

) 

18 

] 

181 

2 

19 

H 

21 

4 

214 

2566.  Vitruvius,  with  more  clearness  than  in  the  others,  describes  the  Doric  order.  In 
order  to  set  out  its  proportions,  be  tdls  us  (book  iiL  chap.  iii. ),  though  not  giving  a 
direct  rule,  that  its  pedestal  is  composed  of  three  parts,  the  cymatium  or  cornice,  the 
die,  and  the  base ;  and  that  the  base  and  cimatium  are  composed  of  many  mouldings, 
whose  individual  proportions  however  he  does  not  give.  He  assigns  no  particular  base  to 
the  Doric  order ;  but,  nevertheless,  places  under  h^  a  diameter  in  height  the  attic  base, 
whose  members  are  the  plinth,  small  fillet,  sootia,  and  the  upper  torus  with  its  superior  and 
inferior  fillets,  together  with  the  apophyge  of  the  colunm.  He  gives  to  the  projection  of 
the  base  a  fifth  part  of  the  diameter  of  the  column.  The  height  of  the  shaft  he  makes  of  6 
diameters,  and  its  dimunition  a  sixth  part  of  the  diameter.  The  capital*s  height  he  makes 
equal  to  half  a  diameter,  and  calls  the  neck  the  ftiese  of  the  column.  To  the  architrave 
he  assigns  the  height  of  one  half  diameter  of  the  column,  and  to  the  firiese  50  parts  of  his 
module  (semidiameter  divided  into  SO  parts),  including  the  fiiscia,  forming  the  capital  of 
the  triglyphs.  His  cornice  consists  of  SO  parts  ot  the  module,  and  its  projection  40. 
The  whole  height  which  he  gives  to  the  order  is,  in  the  measure  here  adopted,  17  modules 
and  20  parts. 

2567.  Palladio  makes  the  Doric  pedestal  rather  less  than  2}  diameters  of  the  column, 
dividing  it  into  three  parts,  the  base,  die,  and  cymatium.  To  the  die  he  assigns  nearly  a 
diameter  and  one  third  of  the  column.  To  the  cymatium  a  little  more  than  one  third  of 
the  diameter.  He  uses  the  attic  base  to  the  order,  but,  for  the  sake  of  carrying  off  the 
water,  turns  the  plinth  into  an  inverted  cavetto  (^rtweto),  ending  in  the  projection  of  the 
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cymatium  of  the  pedettal.  To  the  diaft  of  the  column  he  aasigns  nurious  proportions, 
directing  that  if  accompanied  with  pilasters,  it  should'  be  of  the  height  of  8-^  diameters, 
and  if  entirely  isolated,  7  or  at  most  8  diameters  high.  He  cuts  the  shaft  into  24  flutes, 
and  diminishes  it  the  tenth  part  of  its  diameter.  The  height  of  his  capital  is  half  a 
diameter,  and,  like  Vitruvius,  he  decorates  the  neck  or  firieae,  as  they  both  call  it,  with  roses, 
adding,  however,  other  flowers,  and  making  its  projection  a  little  more  than  a  fifth  part  of 
the  diameter.  To  the  architrave,  frieze,  and  cornice  he  gives  a  little  more  than  (me  fourth 
part  of  the  height  of  the  column,  so  that  the  whole  height  of  his  order  is  in  our  measure 
24  modules  and  a  fraction  above  i\  parts. 

2568.  Serlio  makes  the  height  oif  the  pedestal  of  his  c<^umn  a  little  less  than  3  dia- 
meters, with  its  base,  die,  and  cymatium.  The  height  of  the  die  is  set  up  equal  to  the 
diagonal  of  a  square,  formed  on  the  plinth  of  the  column.  The  height  of  the  cymatium, 
according  to  the  strict  text  of  Serlio,  should  not  be  less  than  that  of  the  base ;  but  he 
altogether  omits  any  mention  of  its  projection.  His  base  is  the  attic  base,  to  which  he 
assigns  a  projection  of  a  quarter- of  a  diameter.  The  column  is  6  diameters  high,  and  has 
20  flutes.  His  capital  differs  only  from  that  of  Vitnivius  in  its  projection,  which  is  rather 
more.  The  architrave  and  friese  do  not  much  differ  from  those  already  described.  Tlie 
projection  given  to  the  cornice  is  equal  to  its  height.  The  whole  height  in  our  measures 
amounts  to  23  modules  and  5  parts. 

2569.  The  Doric  order  as  described  by  Scamotsi  is  not  very  dissimilar  to  those  already 
described.  The  pedestal  is  by  him  made  2  diameters  and  a  little  more  than  a  quarter,  with 
a  base,  die,  and  cymatium,  and  the  projection  bardy  a  quarter  of  the  diameter  of  the 
eolumn,  to  which  he  gives  the  attic  base.  His  oolunm  is  7}  diameters  high,  and  the  dimi- 
nution a  fifth  part  of  the  diameter.  There  are  26  flutes  on  the  shaf^  separated  from  each 
other  by  fillets,  whose  width  is  one  third  of  the  flute.  This  author  gives  three  different 
sorts  of  capitals  for  the  order :  the  first  has  three  annulets ;  the  second  has  only  the  lower 
annulet,  the  two  upper  ones  bong  changed  to  an  astragal ;  the  third,  instead  of  the  two 
lower  annulets,  has  a  cyma  reversa.  Lastly,  above  the  corona  he  places  a  cyma  reversa, 
and  in  the  other  parts  does  not  vary  much  from  the  preceding  authors,  especially  in  the  frieze 
and  architrave,  except  that  in  the  last  he  uses  two  fasciae.  To  the  cornice  he  assigns  the 
projection  of  five  sixths  of  a  diameter  of  the  colunm.  His  whole  entablature  is  a  little  less 
than  one  fourth  the  height  of  the  column,  including  base  and  capital.  The  whole  height 
of  the  order  in  our  measures  is  1 3  modules  and  8  parts. 

2570.  In  fig.  883.  the  profile  of  the  Grecian  Doric  from  the  Parthenon  at  Athens 
is  given.  Tliouffh  very  different  to  those  we  have 
already  described  of  this  order,  the  resemblance  is 
still  considerable.  Its  character  is  altogether  sacred 
and  monumental,  and  its  application,  if  capable  of  ap- 
plication to  modem  purposes,  can  scarcely  be  made  to 
any  edifice  whose  general  character  and  forms  are  not 
of  the  severest  and  purest  nature.  The  various  absurd 
situations  in  which  the  Grecian  Doric  has  been  in- 
troduced in  this  country,  has  brought  it  into  disre- 
pute ;  added  to  which,  in  this  dark  climate  the  closeness 
of  the  intercolumniations  excludes  light,  which  is  so 
essential  to  the  display  of  architecture  under  the  cloudy 
skies  with  which  we  are  constantly  accompanied  in 
high  latitudes.  The  diameter  of  the  columns  in  the 
original  is  6  feet  2*7  inches. 

2571.  Lest  we  may  be  reproached  with  n^lecting 
to  submit  to  the  student  in  this  place  (and  the  remark 
equally  applies  to  the  following  section  on  the  Ionic 
order)  more  examples  of  the  Grecian  Doric,  we  would 
here  observe  that  this  work  is  not  to  stand  in  place  of 
a  parallel  of  the  orders.  Nothing  would  have  been 
eaaer  than  to  have  placed  before  him  an  abundance 
of  examples;  but  they  must  be  sought  elsewhere, 
inasmuch  as  the  nature  of  our  labours  requires  general,  not  q>eeial,  information  in 
this  respect  We  have  not,  however,  refrained  in  the  first  book  (142,  e<  seg.)  from  entering 
into  details  respecting  the  Grecian  Doric,  which  we  consider  much  more  valuable  to  the 
reader  than  would  be  the  exhibition  of  a  series  of  profiles  of  its  principal  examples.  We 
liave,  moreover,  at  that  place,  suggested  some  criteria  of  their  comparative  antiquity.  We 
do  not  think  the  nice  copying  of  a  profile  into  a  modem  work  any  other  than  a  disgraceful 
exhibition  of  the  want  of  abiUty  in  tlie  man,  we  cannot  call  him  artist,  who  adopts  it,  and 
shall  be  much  better  pleased  to  leave  the  student  in  doubt,  so  that  be  may  apply  himself 
pro  rt  natd  to  the  matter  which  calls  his  genius  into  play.  From  what  we  have  said  on 
the  orders  in  Sect  II.  of  this  Book,  (2523,  ei  eeq,),  relative  to  the  order,  and  on  mouUinge 
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(2533,  ei  M9.)t  it  must  be  quite  deer  that  the  variety  of  erery  order,  keeping  to  first  prills- 
ciples,  has  not  been  yet  exhausted,  neither  is  it  likely  to  be  so. 

Table  or  the  Parts  op  thx  Gbjkcian  Dob.ic  (Pavihmvov), 


Helgbto  to 

Pn^eotioosln 

Msmben  composing  the  Order. 

Parts  of  a  Mo- 
dule and  Ded- 

Pwttof  a 
Module  ftt>in 

mala. 

Axil  of  Column. 

ElTTABLATURB. 

Fillet  - 

.            . 

0-60 

22-10 

Echinus 

. 

312 

20-40 

Fillet,  with  sunk  cyma  reversa 

2-20 

A,  Cornice, 

Corona 

. 

4-88 

18-98 

15-32  parts. 

Fillet  . 

. 

1-10 

18-80 

Capital  of  mutules 

. 

1-10 

Mutules 

. 

0-32 

18-66 

Bead  and  capital  of  triglyphs 

- 

2-00 

11*46 

B,  Frieae, 

f  Friese  (in  metope) 

m 

15-12 

30-00  parts.      1  Triglyph 

- 

14-88 

11-40 

Fillet  . 

_                               . 

1-50 

12-50 

C  ArehitraTe, 

Capofguttae    - 

.                               . 

1-00 

12-40 

17*10  parts. 

GuttSB 

- 

0-20 

Architrave  below  guttas 

.                               . 

14-40 

11-20 

COLUMK. 

'  Abacus 

. 

4-40 

12-90 

D,  Capital, 
11-16  parU 

Echinus 

. 

3-60 

12-60 

Fillets  and  hollows,  with  oavetto 
Neck  -            - 

0-80 
2-20 

9-44 

,  Groove  or  sinking 

- 

0-16 

Shaft    ... 

- 

20-30  f*****P           ®*^ 
'"^\at  bottom  12-00 

First  step  or  plinth 

• 

6-90 

12-80 

Second  step  or  plinth   - 

. 

6-70 

21-80 

lliird  step  or  plinth 

"                               " 

6-90 

30-84 

2572.  The  minutiae  of  the  Grecian  Doric,  as  we  have  just  observed,  eannot  be  given  in 
a  general  work  of  this  nature.  In  its  smaller  re6nement8  it  requires  plates  on  a  much 
hurger  scale  than  this  volume  allows.  The  reader,  therefore,  must  be  referred  to  Siuart*9 
Amtiqmitiea  of  Athena  (original  edition),  and  the  publications  of  the  Dilettanti  Society,  for 
further  information  on  the  subject  of  Uie  Grecian  Doric.  All  that  was  here  possible  was  to 
give  a  general  idea  of  the  order.  In  the  figure,  E  is  the  section  of  the  capitals  of  the  inner; 
columns  of  the  temple  on  a  larger  scale.  DD  relate  to  the  principal  columns.  F  is  a 
oeeticm  of  one  of  the  antae  or  pilasters  to  double  ^e  scale  of  the  capital.  The  inter- 
columniations  are  of  8  modules,  8*20  parts,  firom  axis  to  axis  of  column.  The  principal 
Grecian  Doric  examples  are — the  Parthenon,  the  temple  of  Theseus,  the  propylaea  and  the 
portico  of  the  Agora  at  Athens  ;  the  temple  of  Minerva  at  Sunium  ;  the  temple  at  Corinth ; 
of  Jupiter  Ne^aeua,  between  Argos  and  Corinth  ;  temple  of  Apollo  and  portico  of  Philip 
in  the  island  of  Delos ;  the  temple  of  Jupiter  Panhellenius  at  Egina,  and  of  Apollo  Epi> 
curius  at  Phigalia ;  the  two  temples  at  Selinus ;  that  -  of  Juno  Lucina  and  Concord  at. 
.Agrigentum ;  the  temple  at  Egesta,  and  the  three  temj^es  at  Paestum.   (See  142,  et  atq.) 


sxcT.  y. 
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2573.  Of  the  lonie  order  ^ere  are  many  extant  extoiples,  both  Grecian  and  Roman  ; 
"and,  ex<^t  the  debased  later  examples  of  the'  latter,  there  it  not  that  wide  diff*erenoe 
-between  them  that  exists  between  the'  Greciaii  and  Rdman  Doric.  The  Ionic  has  been 
considered  as  deficient,  in  appearance  as  compared  wiih  the  other  orders,  on  account  of 
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tiM  Inwobritj  of  it!  eapital,  vlucb,  cm  tbe  ratum,  pnwnti  difflonltMt  in  lua.  Thcie 
diiBeultie*  an  not  otniated  b;  tbe  praotiee  of  tbe  Oreekt,  who  nude  an  MiyuUr  volute  « 
each  eitramitj  of  the  principal  bfade,  and  tben  tetuned  the  fece  of  tbe  capital.  Wilfa 
•11  our  nqwEt  Ibr  Greek  art.  we  tbink  tbe  eipedient,  Ihougfa  ingemaiu,  ■  defbrtnit; ; 
albeit,  in  the  eaie  of  the  tvpe  bnng  a  timber  anhitraTe.  we  muat  admit  that  tlie  faae  of  Ifae 
Bapital  ihould  lie  in  tbe  direation  of  the  luperiDoumbent  beam. 

2574.   In  the  example  giTen  (Jig.  834.)  we  haTe.  oi  in  tba  example*  of  the  precediag 


^^ 


otden.  ■elected  the  profile  of  Vignola  oi  tbe  moet  elegant  of  the  modem  ;  and  the  reader 
will  here  recollect  that  in  the  Ionic,  Corintluan.  and  Compoaite  orders,  the  module  or  aemi- 
diometer  of  the  column  k  divided  into  IS  part*.  In  the  flgura,  A  ii  ■  plan  of  tbe  aofite  of 
tbe  coroice.  and  B  ■  plan  of  tbe  eapiloL  The  method  of  tiooing  tbe  volute  will  be  given 
In  a  aubeequent  figure :  previoui  to  whu^  aa  in  the  orden  already  given,  we  oubjua  a  labk^ 
■bowing  tbe  bo^ls  and  pTojeclioDa  of  the  parta  of  the  otder. 


M«.b««.p.daclb.Or<li>r. 

HaMilitnPuta 

trau  All!  or 

A,conaoe, 
Mpart^ 

B, 

ElTTAlLATDaa. 

I^lletofcTina 

ter-  ;     :     :     : 

Cj'nutevetM 

Corona             .... 

Fdletoflbedrip 

Colo               /          .            .            . 

^sr     :     :     ;     : 

Deatet  fiUet      .              .              .              . 
Dentela              .... 

FUlet 

Cymarevena. 

Frlwe 

a7 

w 

401 
9S 
3^ 

93 

If 

M 
SO 
191 
Ij 
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1 

PrcdectioDs 

Members  composing  the  Order. 

HeiafatslnParU 
of  a  Module. 

from  Axis  of 
Column  in  Fsits 

of  a  Module. 

Ltstd 

. 

„ 

1} 

20 

C  Architrave, 

Cyina  rerersa  - 
First  frscU       . 

- 

- 

S     . 
6 

191 
17 

23)  puts. 

Second  fiucia    - 

« 

. 

16 

L  Third  &sda     - 

- 

- 

M 

15 

D, 

r  Capital  on  the  side 

I  Capital  on  the  coussinet,  or 

m 

. 

19 

20 

cushion 

- 

16 

171 

COLUMV. 

r  Fillet  - 

. 

m 

1 

20 

Crma  reversa  - 

- 

- 

2 

i<4 

Listel  - 

«• 

- 

1 

17i 

£,  Capital, 

Channel  of  the  volute  - 
Ovolo 

- 

- 

3 
5 

17 
22 

17  parts. 

• 

Bead 

- 

- 

2 

18 

Astragal 

Fillet 

- 

- 

1 

17 

_ 

Cong^  or  cavetto 

- 

.» 

8 

15 

above 

• 

. 

..              •• 

15 

Shaft  of  the  column 

16  mod.  6  parts. 

below 

- 

- 

- 

18 

Apophyge 

- 

m 

2 

18 

r  FiUct  - 

• 

m 

n 

20 

Torus  -            -            - 

. 

. 

5 

22) 

FiUet  . 

- 

m 

i 

20i 

Scotia  -             -             - 

m 

- 

2 

20 

F.Baee. 

Fillet  - 

- 

- 

1 

22 

Imparts. 

Two  beads 

- 

- 

2 

22| 

Fillet  - 

- 

- 

} 

22 

Scotia- 

- 

- 

2 

21 

Fillet  . 

- 

- 

i 

24 

Plinth 

- 

- 

6 

25 

PZDISTAL. 

Fillet  . 

. 

• 

.1 

95 

Cyma  reversa  - 

- 

m 

34} 

Corona 

- 

- 

3 

S3) 

G,  Cornice, 

Fillet  of  the  drip 

- 

- 

i 

SO 

li]parts. 

Ovolo  -            -            - 

m 

- 

S 

29) 

Bead   - 

- 

- 

1 

27 

FiUet  .            -            - 

- 

- 

1 

26} 

Conge 

• 

- 

H 

25 

Die,  4  modules 

- 

- 

12] 

1  mod.  7. 

Cong4 

- 

m 

2 

25 

Fillet  - 

- 

- 

1 

27 

H,  Base, 

Bead  -            •            - 

m 

«• 

4 

28 

10  parts. 

Cyma  reversa  - 

• 

- 

S 

27) 

FiUet  . 

- 

m 

i 

Slj 

Plinth 

m 

" 

4 

S3 

The  flutes  in  this  order  are  separated  by  a  listel. 

2575.  The  letters  to  the  leading  divisions  of  the  above  table  refer  to  tl)e  Jiff.  885. 
wherein  the  parts  are  drawn  to  a  larger  scale,  and  wherein  I  is  the  eye  of  the  volute,  pre 
sently  to  be  described. 
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echinui.  with  ■  TerticBl  from  D,  the  eilreirity  of  tbe  ejTna  rereru.  On  tbe  ptdnt  of 
intersection,  with  a  ndius  equml  to  one  pan,  docribe  a  circle.  Its  Tertical  diametei  ia 
eailed  the  oifArtu,  and  fbmu  the  diagonal  of  a  square,  vhoae  ndcB  are  to  be  bisected,  and 
through  the  poinU  of  biseclion  (see  I,  fig.  B85.)  the  axe*  I,  3  and  2,  4  are  to  be  drawn, 
each  being  divided  into  G  equal  parta.  The  points  thus  found  wilt  aerre  for  drawing  the 
exlerioT  part  of  the  volute.  Thus,  placing  the  point  of  the  compaaiei  in  the  point  1>  with 
the  radius  I D.  the  qtiadrant  DA  is  described.  With  the  radius  SA  another  quadrant  may 
be  described,  and  so  on.  Similarly,  the  iut>divi»Dns  below  the  points  used  for  the  outer 
lines  of  the  Tolute  serve  tot  the  inner  lines.  The  total  height  of  the  volute  is  le  parts  of 
ft  module,  whereof  9  are  above  the  horizontal  from  E,  and  7  below  it. 

2STT.  Vitruvius,  according  to  some  authors,  has  not  given  an;  fixed  measures  to  the 
pedestal  of  this  order.  Daniel  Bsrbaro.  however,  his  eommentator,  seems  to  think  olher- 
wise ;  and.  on  this  head,  we  shall  therefore  follow  him.  The  height  of  the  pedertal  is  made 
nearly  a  third  part  (including  its  base  and  cymatium)  of  the  height  of  the  column.  To 
the  base  of  the  column  he  assigns  half  a  diameter,  and  to  the  shaft  itself  nearly  8  diameters, 
its  surftce  being  cut  into  £4  flutes,  separated  by  fillets  ftora  each  other.  His  method  of 
describing  the  volute  is  not  now  thoroughly  understood  ;  and  it  is,  periiaps,  of  little 
importance  to  trouble  ounelves  to  decypher  his  directions,  seeing  that  the  mode  of  forming 
it  is  derived  from  mathematical  principles,  as  well  understood  now  as  in  the  days  of  the 
author,  llie  architrave  he  leaves  without  any  filed  dimensions,  merely  saying  that  it  must 
be  larger  or  smotleT  according  to  the  riie  of  the  edifice^  He  prescribes,  however,  that  the 
architrave,  friese,  end  cornice  diould  together  be  somewhat  less  than  a  nith  part  of  the 
height  of  the  column,  with  its  base  snd  capitaL  llie  total  height  he  makaa  the  order, 
according  to  our  measures,  is  25  modules  and  nearly  9  parts. 

U578.  Falladio  gives  to  the  pedestal  2  diameters  and  nearly  two  thirds  of  the  hnght  of 
the  column.  He  adopts  the  sttic,  though  without  rejecting  the  Ionic  base,  and  makes  it 
half  a  diameter  high,  adding  to  it  b  siitall  bead,  which  he  eomprises  in  the  height  of  the 
shaft,  which  he  m^es  B  diameters  in  height.  To  the  architrave,  fnexe,  and  eomice.  taken 
together,  he  assigns  a  little  less  than  one  fifth  of  the  height  of  the  column,  including  its 
bwe  and  capital,  and  makes  the  projection  of  the  cornice  equal  to  its  height.  The  total 
height  of  the  order,  in  our  measures,  is,  according  to  him,  5?  modules  and  nearly  S  parts. 

2579.  Serlio,  in  this  order  more  than  any  of  the  others,  varies  ttam  Vitruviu*.  To  the 
pedestal  he  gives,  including  base,  die,  and  cymatium.  a  little  more  than  a  third  part  of  the 
height  of  tlie  column,  with  ils  base  and  capital.      To  the  shaft  of  tbe  colun 


T  diameters,  and  diminishe 
as  br  as  we 

other  authors.  His  dii 
the  centre  of  the  eye,  il 
whereof  is  to  be  the 


ith  part  of  its  diameter.  His  capital  is  that  of  Vitruvius, 
that  master.  His  mode  of  constructing  the  volute  diBcra  from 
jns  are,  thai  having  found  the  cathctus,  which  |>aucs  through 
St  be  divided  into  eight  parts,  from  the  abacus  downwards,  one 
"   '  -    .  .         -  .    j|]^,p  ,(,g  jj,p_  g„j  three 


prised  below  the  eye.      Tbe  ca 
properly  numbered  by  figures  from  1   to  6.      Witl 
the  other  extended  to  the  fillet  of  the  volute,  he  t 
semicircles  eonseeuUtely  from  2  to  6,  whicli  will  ul 
We  cannot  speak  in  high  terms  of  Serlio's  methc 
cessary  to  accompany  tbe  description  with  a  figure. 
Iter,  if  exhibited  in  a  figure,  would  not  uCisfy  our 
his  architrave,  frieie,  and  cornice  together  is  a  little 
less  than  a  fourth  part  of  the  height  of  the  column, 
including  the  base  and  capital.      The  whole  height  of 
bis  order,  in  our  measures,  is  IS  modules  and  6  ports. 
S5fiO.   Seamoni  directs  that  the  pedestal  shall  be 
with  its  base  and  cornice  two  diameters  and  a  half  of 
the  column.     He  uses  the  attie  base,  and,  like  Fal- 
ladio, gives  an  astragal  above  the  upper  torus.     To  the  . 
shaft  of  the  column  he  assigns  a  height  of  little  leas   > 
than  8  diameters,  and  makes  its  diminution   a  siith     % 
fait  of  the  diameter.      He  adopts  the  angular  capital,     '\ 
BDinething  like  the  example  of  that  in  the  temple  of      / 
Portuna  Virilis.      The  height  of  his  architrave.  Iriete,     ^ 
and  cornice  is  a  little    less  than  a  fifth  part   of  Ibe   M 
height  of  the  column,  with  its  base  and  capital,     llie 
total  beiebt  of  his  inder,  in  our  measures,  is  26  mo-  . 

d.i=.  £&^ 

35SI.   The  principal  eiamplea  of  the  Grecian  Ionic    *au^ 
are  in  the  temples  of  Minerva  I'olias,  of  Ereclheuis 

and  the    aqueduct   of   Hadrian,  at    Athens ;    in  the         

temple  of  Minerva  PoUas  at  Pricne ;  of  Bacchus  at 


hetus  is  then 

divided  into  sii  parts. 

one  point  of  the  comnniset  in  1,  snd 

wibes  a  sem 

icircle,  and  so  on  with 

jnately  &11  in 

0  Iho  eye  of  the  volute. 

and  Iherefbr 

have  thought  it  unne- 

clumsy  method,  and  we 

eiders  of  its  c 

I'gsnce.      Tlie  height  of 
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TeoB ;  of  ApoUo  Didynueut  at  Miletus ;  and  of  the  small  temple  on  the  Ilyssus,  near 
Athens,  whereof  in  fig,  887.  the  profile  is  given,  and  below,  a  table  of  the  heights  and 
projections  of  the  parts.  It  is  to  be  observed,  that  in  the  Grecian  Ionic  volute  the  fillet 
of  the  spiral  is  continued  along  the  fiu^e  of  the  abacus,  whilst  in  the  Roman  examples 
it  rises  fVom  behind  the  ovolo.  Some  of  the  Athenian  examples  exhibit  a  neck  below  the 
echinus,  decorated  with  flowers  and  plants.  The  entablatures  of  the  early  Ionic  are 
usually  very  simple.  The  architrave  has  often  only  one  fascia,  the  friese  is  generally  plain, 
and  the  cornice  is  composed  of  few  parts.  In  Book  I.  Chap.  II.  (153,  tt  teq.)  we  have 
already  examined  the  parts  of  the  Grecian  Ionic,  and  thereto  refer  the  reader. 

Tablx  or  THx  PAaTs  or  thb  GaxciAir  Ionic  in  thx  Texvlx  on  thx  Iltssus. 


Membert  composing  the  Order. 


Heights  in 
Parte  of  a  Mo- 
dule and  Decl- 
maU. 


ENTABrATuaz. 

FUlet  . 

Cyma  recta 

FUlet  - 

Cornice^      sup- 

Echinus 

posed     height 

Corona 

18SS  parts. 

Drip    . 

Cyma  reversa  - 

Fillet  - 
Echinus 

m 

- 

Friese 

- 

Fillet  - 

m 

Architrave, 

Echinus 

m 

88*66  parts. 

Bead   - 

. 

Fascia 

- 

Column. 

r  Echinus 

. 

m 

Fillets,  or  beads  of  volutes 

Channel 

. 

m 

Fillets,  or  beads  of  volutes 

Capital,  19*32 

Channel 

• 

. 

parts. 

Cathetus 

. 

m 

Echinus 

. 

m 

Bead   - 

* 

m 

^ 

Fillet  - 

. 

m 

.Cong6 

• 

- 

Shaft   - 

- 

- 

^  Apophyge 

. 

. 

Fillet  . 

• 

. 

Bead  - 

• 

> 

Base,  33*27 

Horizontally 
Fillet  - 

fluted 

torus 

• 

parts. 

Scotia 

m 

m 

Fillet 

m 

m 

Torus 

m 

. 

Plinth 

m 

■ 

restored. 

restored. 

restored. 
S<HO 
6*240 
4-680 
2-700 
0-720 
1-260 

29-901 

1*920 

2-520 

1*200 

27*600 


2*040 
1-050 
7-320 
1-050 
0*600 

4*650 
1*080 
0*450 
1O80 


Projfwtioiii  In 

Parts  of  a 

Module  from 

Aziaof  ColttBui. 


restored. 

restored. 

restored. 

34-440 

33*960 

20*520 

18*360 

17*400 

30*520 
20100 
17  880 
17*160 


19*860 


17*550 
18-960 
17*250 
15*720 


17mod.7*l 

1-080 
0-450 
1*080 
6*120 
0-450 
6*000 
0*450 
5*760 
11*880 


,    rabove  15*3G0 
*"lbelow  18<XX) 


18*960 
19*320 
22*500 
22*500 
21*840 
23*640 
24*960 
26*520 


The  height  from  the  top  of  the  echinus  to  the  centre  of  the  eye  of  the  volute  is  15*79 

parts. 
Total  projection  of  the  volute  from  axis  of  column,  27*90. 
The  flutes  are  elliptical  on  the  plan  (see  fig.  887.),  and  the  distance  between  axes  of 

columns,  6  modules  3-24  parts. 


Cur.  L  THE  CORINTHIAN  ORDER. 

SiCT.   VI. 


85B9.  For  the  Corinthian  order,  we  mun  leek  eieinplea  mtber  In  Rome  than  ia  any  put 
of  Greece.  Tbt  portico  at  Albena,  and  tbe  arch  of  Hadrian  at  Athena,  do  not  fiimuh  ua 
with  ipecimeni  of  art  eoinparri>le  with  the  tliree  columng  in  the  Campo  Vaccino,  belonging, 
aa  ii  generally  nippoaeditothe  temple  of  Jupiter  Statoi'.  Thou  in  the  temple  near  Mylaiaa, 
and  the  Ineantata,  as  it  ii  called,  at  Salonica,  do  not  latiaEy  the  artiat,  as  compared  with 
the  eiamplea  in  tlie  remuna  of  the  temple  of  Marl  Ultor  at  Rome,  the  temple  of  Veata 
at  Tiridi,  and  others,  for  which  the  reader  may  refer  to  Dogodeti. 

S583.  The  reader  ia  again  here  reminded  that  the  module  or  acmidiameter  ia  to  be 


of  the  Corinthian  order,  whote 


HelgtaUlo 

FrolMloni 

H 

embtricompoilDi  tha  Ordtr. 

'■Ks;:- 

EmaaLaTuaa. 

nilet  of  cornice 

S3 

pflU?"^"       -              '-             -              '. 

S3 

1 

11 

451 

ciron.               .             .              .              . 

CimarcYem    .              -              .              . 

li 

4S1 

A,  cornice. 

Modillion          .             .              .              . 

441 

38  part.. 

^1 

281 

Cholo                 .              .              .              . 

28 

Bad               .            .            .            - 

SB 

Fillrt                 .             .              -              . 

i 

a-H 

Dentil.            .            .            -            . 

34 

Fdlet 

I 

Hollow  or  conge 

19) 
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B, 


C,  architraTe, 
87  partt. 


D,  capita], 
42  parts. 


Shaft, 

17  modules 

lipart. 


£,  base, 
144  parts. 


F,  Cornice, 
14^  parts. 


Die, 
91)  parts. 


G,  Base, 

14^  parts. 


Frieze,  I  mod.  7)  parts  high 

Fillet  - 

Cymareveraa  • 

Bead    ... 

First  fiuKsia 

Cyma  rerersa  - 

Second  ftscia    - 

Bead 

Third  fitfcia     - 

COLUXH. 

Echinus 

Fillet 

Lower  member  of  abacus 

Inverted  echinus  of  the  bell 

Large  volutes  - 

Upper  small  leaves 

Large  leaves    . 

Lower  leaves 

Astragal 

FiUet 

Conge 

Shaft    ( Upper  p«t    - 
(^  Lower  part    - 
Apophyge 
Fillet 

'  Torus 
Fillet 
Scotia 
FUlet 
Two  beads 
Fillet 
Scotia 
Fillet 
Torus 
Plinth 

PSOSSTAL. 

Fillet 

Cyma  reversa 

Corona 

Throat 

Bead 

Fillet 

Frieze 

Bead 

Fillet 
Cong6 
Die      - 
Fillet 
Cong^ 

Bead 

Inverted  cyma  reversa 

Fillet 

Torus 

Plinth 


Heights  in 

Puts  of  a 

Module. 


1 

4 
1 


Projections 
(torn  Axis  In 
Parts  of  a 
Module. 


• 

7 

9 

. 

6 

. 

1 

• 

5 

^ 

a 

. 

1 

- 

s 

- 

2 

- 

6 

- 

4 

. 

12 

- 

12 

- 

2 

- 

1 

. 

2i    ^ 

« 

2 

- 

n 

- 

3 

- 

i 

m 

4 

- 

\ 

- 

I 

. 

i\ 

- 

\ 

- 

4 

" 

6 

. 

- 

1) 

- 

3 

- 

1) 

- 

1 

- 

- 

5 

- 

H 

- 

■ 

- 

1 

- 

87 

- 

1 

i 

. 

H 

- 

s 

. 

1 

. 

3 

™ 

6 

{ 


15 
20 

17 

161 

16| 

15i 

154 

15 


diagonally  36» 
on  plan  33^ 

22} 
31i 

at  top,  24} 
attop,  20| 

18 
17 

15 
18 
20 
21| 

22 
20) 
20 
211 

22 

21| 

21) 

23 

25 

25 


33) 

33) 

32 

30) 

361 


25 
26} 

26) 

25 

25 

25 

26) 

27) 
26} 
30) 
32) 
32) 
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3584.  Fig.  SS9.  ihDin  the  detaili  of  the  entabUtiini,  &«.  uid  alio  the  profile  and  ftoiit 
of  the  Corinthian  modillion  to  a  larger  icale.  On  the  profile  ia  afaowa  the  eainon  or  lunk 
panel  on  the  lofile  of  the  corona.  The  height  it  sit  puta,  and  the  projectioD  uiteen.  A» 
•een  in  the  figure,  a  distance  equal  to  three  parti  and  a  half  ii  taken  for  the  height  of  tha 
aznaller  TolutCt  aud  on  thii  distance  a  scale  of  stiteen  equal  parts  i>  made;  the  figure  abora 
the  dimensioni  to  be  given  td  the  amall  aquoresr  irhoae  angles  serve  as  eentrea  to  deaeriba 
the  curres.  Having  drawn  the  line  AB,  it  la  divided  into  four  equal  parts  by  lines  per- 
pendicular to  it*  which,  meeting  vertical  lines  from  A  and  B,  give  the  points,  which  serve 
as  centres  for  striking  the  curve  of  the  modillions.  Hie  acanthus  leaf  which  supports  It, 
as  well  aa  the  curves  which  form  the  profile  of  the  roaes  in  the  eaisBoa,  are  also  struck  by 


id  down  diagonally.  Hating 
drawn  the  aiis  of  the  plan  correspondent  to  the  aiis  of  the  elevation  of  the  capital,  with  a 
radius  equal  to  two  module*,  deactibe  a  circle,  which  divide  into  nitcen  equal  parts. 
Their  lines  of  division  will  each  corrnpond  to  the  centre  of  each  leat  The  vaae  of  the 
capital  is  determined  by  >  circle  whose  radius  ia  14J  parts.  The  figure  shows  the  circle* 
which  bound  the  leaves  upwards  on  the  vase. 

S566.   The  ekvation  shows  the  heights  wbereoD  are  carried  the  projections  of  the  plan. 
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Aboie  the  Imtc*  eonw  the  liitecn  toIuIo,  vhereof  the  eight  Itrger  oatt  nipport  the  foar 
angle*  of  the  ■tmcDS,  uid  the  eight  snuller  ooei  nipport  the  flowen  vhich  decorate  the 
middle  of  the  Bbacut.  The  volute*  teen  in  profile  may  be  dntin  geomelricall;  with  the 
eompUKi.  but  thejr  *re  ■lwa)>*  more  egreeable  and  easy  when  drawn  by  the  eye  with  a 
band  which  feci*  the  contours. 

The  different  parts  of  the  capital  are  as  Ibllow  t  A,  plan  of  the  Icbth  and  abacus ;  B, 
plan  of  the  larger  and  imallei  rolules ;  C,  the  vMe  oi  body  of  the  capital  j  D,  the  Bnt 
tier  of  1eaT« ;  E,  the  second  tier  of  learei ;  F,  the  cauUcolus  ;  G,  the  larger  Tolute ;  H. 
the  smaller  volute  ;  I.  the  flower  ;   K,  the  abacus ;   L,  the  lip  of  the  rase. 

2SB7.  VitruiiuB  i*  scanty  in  the  information  he  gives  on  the  Corinthian  order,  and  what 
he  says  mpceting  it  relates  more  to  the  origin  of  the  capital  and  the  like  than  to  the  pro. 
portions  of  the  dctuL  He  make*  the  capital  only  1  diameter  high,  and  then  forms  upon 
the  plan  a  diagonal  2  diameters  long,  by  means  whereof  the  fbur  bees  arc  equal  accord- 
ing to  the  length  of  the  arc,  whose  curve  will  be  the  ninth  part  in  length  and  its  height 
the  seventh  part  of  the  capital.  He  forms  the  order  with  a  pedestal,  with  base  and  oorm(«, 
as  Daniel  Rarhsro  would  have  it.  The  whole  height  given  to  it  in  our  measures  is  about 
97  module*  and  2  parts. 

S.5S8.  Palladia  use*  the  pedestal  with  its  ordinary  siibdivimoni,  making  it  between  a 
third  and  finirth  part  of  the  height  of  the  column,  including  its  base  and  capital.  To 
the  base  be  gives  I  module,  the  shafl  of  the  column  a  little  leas  than  S  diameten,  and 
places  twenty-four  flutes  upon  it,  which  two  thirds  downwardB  are  channelled,  and  on  the 
other  or  lower  third  neatly  fitted  with  convei  pieces  of  ugmcnts  of  cylinders  called  eab- 
Ungt.  He  makes  the  capital  1  diameter  and  a  siith  in  licight,  giving  it  two  tiers  of 
leaves,  caulicoli,  and  abacus.      To  the  architrave,  frioe.  and  cornice  he  assigns  a  little  lesa 
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thin  ■  fiftb  part  of  the  columo,  including  the  bue  and  capital.  Tbt  whole  hdgbt  given 
to  the  order  by  this  author  U  about  37  modules  and  10  parts  of  our  ■neanire& 

3589.  Serlio  make*  hii  pedestal  pretty  nearly  as  the  rest.  To  the  base  of  the  column 
he  anigiia  half  a  diameter  for  the  height,  when  that  is  about  lerel  with  the  eye,  but  when 
much  aboie  it  he  directs  all  the  memben  to  be  increased  in  height  accordingly,  as  where 
one  order  i>  placed  above  another,  he  recommends  the  number  of  parts  to  be  dimi- 
nisbed.  To  the  stuA  of  the  coluoin  he  gives  a  Kttle  more  than  T  diameters,  and  to 
the  capital  the  same  height  as  that  given  by  Vitruviua,  whom,  neiertheleia,  he  considers 
in  error,  or  rstber  that  some  error  has  crept  into  the  text,  and  that  the  abacus  ought  not  to 
be  included  in  tlie  height.  The  height  of  the  aichitraie,  frieze,  and  cornice  he  makes  > 
little  leas  than  a  fourth  part  of  the  column,  including  its  base  and  capital.  The  whole  of 
the  order,  according  to  him,  is  28  nuHiules  and  A  little  more  than  T  part  of  our  measures. 

2590.  Scoiuoxzi  gives  to  the  pedestal  of  this  order  the  hraght  of  S  diameters  and  one 
third,  Gompoung  it  with  the  usual  parts  of  base,  die,  and  cornice ;  to  the  base  of  the 
column  the  same  height  and  mouldings  as  FaUadio.  To  the  shaft  of  the  column  he 
aa«gns  the  height  of  B  diameters  and  one  third,  and  diminishes  it  on  each  side  an  eighth 
part  of  its  thickness  at  bottom.  The  capital  is  of  the  same  height  ai  thai  by  FaUadio.  The 
■rcbilrave,  friete,  and  cornice  he  directs  to  be  a  little  less  than  a  fifth  part  of  the  h«ght  of 
the  column.     By  our  mettsures  the  whole  h^ht  of  his  order  is  30  modules  and  SO  parts. 


2691.  llie  Compodte  order,  as  its  name  imports,  is  a  compound  of  other  orders,  the 
Corinthian  and  Ionic,  imd  was  received  into  the  regular  number  of  orden  by  Vitruviui, 
wbo  has  described  its  proportions  and  character.  Its  capital  conusts,  like  the  Corinthian, 
of  two  ranges  of  acanthus  leaves  distributed  over  the  surGura  of  a  vase,  but  instead  of  the 
stalks  or  branches,  tlie  shoots  appear  small  and  as  though  fiowering,  adhering  to  the  vase 
and  rounding  with  the  capital  towards  Its  middle.  A  fillet  terminmlo  the  vase  upwards, 
and  over  the  fillet  an  astragal  is  placed,  &om  which  the  volutes  roll  themselves  to  meet  the 
tops  of  the  upper  tier  of  leaves,  on  which  tliey  seem  to  resL  A  large  acanthus  leaf  is  bent 
above  the  vcriutes,  for  the  apparent  purpose  of  sustaining  the  comer  of  the  abacus  which 
is  dissimilar  to  that  of  the  Corinthian  order,  inasmuch  as  the  fiower  is  not  supported  by  a 
■talk  seemingly  fixed  on  the  middle  of  each  fhce  of  the  abacus.     The  principal  cxomplea  of 
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the  order  are  el  Rome,  in  the  temple  of  Baoebut,  the  arches  of  Septimius  Serenuy  of  the 
Goldsmiths,  and  of  Htus ;  also  in  the  baths  of  Diodesian. 

S59S.  Fig,  891 .  (see  preceding  page)  is  a  representation  of  Vignola's  profile  of  the  order. 
Its  measures  are  subjoined  in  the  following  table :  — - 


Msmben  compofing  the  Order. 


A,  Comice» 
86  parts. 


B,  Frieio, 
27  parts. 


C,  Architrave, 
27  parts. 


Capital, 
43  parts. 


Column, 
16  mod.  12  parts. 


£,  Base  of  co- 
lumn,'18  parts. 


ElTTABLATirai. 

Fillet  of  cornice 

C3rma  recta 

FiUet 

Cyma  rerersa 

Bead 

Corona 

Cyma  under  the  corona 

Fillet 

Cyma  reverse 

FiUet  of  the  dentils      - 

Dentils 

FiUet 

OtoIo 

Bead 

FiUet 

Cong€ 

Upright  fiMe    - 

Apophyge 

FUlet 

Caretto 

OtoIo 

Bead 

First  fiucia       - 

Cyma  reyersa 

Second  ftscia 

COLUHK. 

Echinus  and  fillet 

Lower  member  of  abacus 

Volute 

Bend  of  upper  leaves 

Upper  leares    - 

Bend  of  lower  leaves    - 

Lower  leaves    -> 

Astragal  •  •> 

FUlet 

Cong^ 

{Above 
Below 
Apophyge  •* 
FiUet 

'Cong6 
FiUet 
Torus 
FiUet 
Scotia 
FUlet 
Bead 
TiUet 
Scotia 
FUlet 
Torus 
Plinth 


Height!  in 

Parts  of  a 

Module. 


H 
5 

1 

2 

1 

5 

H 
1 

4 

.1 

1 
5 


17J 

7 

1 
2 
S 
1 
10 
2 
8 


2 

4 
12 
S 
9 
S 
9 

2 
I 
2 


Azb  In  Parts  of 
a  Module. 


16mod.  12parta. 


2 
H 
2 
4 


51 
51 
46 


43 

41 

83 

32) 

28 

29 

23 

22 

17 

164 

15 

15 

22 

22 

20J 
20 

17} 
17 
16i 
15 


20| 

diagonally  32) 
diagonally  SC^ 

24 

22) 

2<^ 

19J 

17) 
15 


'1 


4 
6 


18 
20 
20 

20 

20 

22 

20) 

20 

21) 

21] 

21) 

20} 

23 

25 

25 
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tmben  ampodiv  Uh  Order. 

sss,; 

MK5 

Uodai*. 

P<DI«»L. 

FJUt                  .... 

.! 

33 

Cym.«T™ 

32) 

Con™              .              -              .             . 

3ll 

F,  Cornice, 

Cymmr-t.       - 

11 

28^ 

14  put.. 

Fillet                  ...             - 

! 

261 

Cmretto              .... 

251 

Frieie                .... 

25 

Be«l                  .              .             .             . 

27 

F.Uet                  .... 

271 

Cong£                .... 

'I 

25 

Ty»,S4fUtK 

Die 

s^ 

25 

Apophyge        .... 

.    s» 

FUlet               .... 

Beul                .... 

371 

G,  Bmc 
13  put*. 

Fillet    ''^.""~.       ;       : 

Tonu                 .... 

33 

Plblh              .... 
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•tion  of  the  mude  of  wtting  up  tbe  capital,  whicb,  at  ir«  have  alnadf  obaerred.  haa  onlj 
eight  volutca.  In  this  Ggura  A  ii  the  plan,  a*  Tiewed  Inintvia* ;  B,  that  of  tbe  capitU, 
viewed  diagonally ;  C,  the  nt  or  body  of  tbe  capital ;  D,  the  fint  tier  of  le«TC( ',  E,  Ibe 
Mcond  tier  of  the  ume  ;   F,  the  Tolute* ;  G,  tbe  flower  ;  H,  the  abacua. 

9595.  Vltruviui  baa  not  given  any  instructioTia  on  this  order;  we  arc  therefore  obliged 
to  begin  our  parallel,  a*  in  the  otbei  orden,  with  — 

2^96.  Falladio,  whose  eiamplei  of  it  are  light  and  much  decorated.  To  the  pedeMal'a 
height  lbi>  maater  a^gna  3  diameten  and  three  eightha  of  the  colunui,  adding  to  it  a 
lower  pliDth  of  the  height  of  half  a  diameier.  He  makea  the  base  gf  the  column  half  a 
diameter  in  height,  and  aaugni  to  the  abaft  8  diametera  and  a  little  more  than  one  fourth,  and 
cuta  on  it  twenty-four  flutea.  Tbe  height  of  thia  capital  la  I  diameter  and  a  uitb,  hi* 
Tolutea  being  very  ilmilar  to  those  he  preacribea  for  his  Ionic.  The  archltraTe,  JHe>^  and 
.  cornice  he  makea  a  little  leae  than  a  fifth  part  of  the  height  of  tbe  column.  The  whole 
iieighl  of  hia  profile  in  our  mcuurea  ii  30  module)  and  1 9  parta. 

3597.  Serlio  seems  to  bare  founded  hii  profile  of  thii  order  upon  Ibe  example  in  tbe 
Coliseum  al  Rome.  He  makea  the  height  of  the  pedestal  a  little  lesa  than  4  diametets  of 
Ibe  column.  To  the  shaft  of  the  eolumn  he  asugni  8  diametera  aitd  a  half.  To  the 
hnght  of  the  capita]  he  gives  1  diameter,  differing  therein  from  hi*  profile  of  the 
Corinthian  order  in  the  disposition  of  the  volutes  and  leaves.  His  entablature,  whieb  u  a 
little  leas  in  height  than  one  fourth  of  tbe  column,  he  divides  into  ttaiee  equal  parts  for  tbe 
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architraTe,  frieae,  and  cornice.     The  total  height  of  his  profile  In  our  measures  is  32  mo- 
dules and  9  parts,  being  much  higher  than  that  of  PaUadio. 

2598.  Scamoszi*s  pro61e  greatly  resembles  that  of  Palladia  His  pedestal  is  3  dia- 
meters, and  the  base  of  his  column  half  a  diameter  in  height  The  shaft  of  his  column, 
without  base  or  capital,  is  8  diameters  and  one  twelfth  high,  and  the  capital  1  diameter 
and  a  uzth.  The  entablature  is  one  fifth  part  of  the  column  in  height,  and  the  whole 
of  the  profile  in  our  measures  is  nearly  29  modules  and  7  parts. 


Sect.  VIII. 

rBDXSTALS. 


2599.  We  think  it  necessary  to  devote  a  small  portion  of  this  chapter  to  the  consider- 
ation of  pedestals,  on  account  of  the  great  difference  which  exists  in  the  examples  of  the 
orders,  and  this  we  shall  place  in  a  tabular  fiirm,  previous  to  the  general  remarks  it  will  be 
necessary  to  make. 

TaJILX   showing  THI    HflOHT   or    PuiSTAtS   IV   AVCIINY   AND    MODiaN    Wo&KS. 


Plinth  to 

above 

Die  In 

Coniioetn 

Total 

Minutes. 

Plinth  in 
Minutes. 

Minutes. 

Minutes. 

Height  in 
Minutes. 

-    .         r  PaUadio 
^^^       Iscunoui        - 

26 

14 

80 

20 

140 

30 

15 

68| 

22} 

136^ 

Temple  of  Fortuna  Vi- 

, 

rilis 

44 

19] 

93) 

23} 

180] 

Ionic 

Coliseum 

33^ 

9} 

81| 

17 

141} 

Palladio 

28} 

14} 

97} 
82} 

21} 

162} 

.  Scamoni 

30 

15 

22} 

150 

'  Arch  of  Constantine   - 

17) 

29 

153 

29} 

228 

Corinthian 

Coliseum 
Palladio 

23 
23} 

ly 

78 
93 

19} 
19 

131) 
150 

Scamozzi 

SO 

15 

1.32} 

22} 

200 

Arch  of  Titus 

55 

30 

141 

29 

255 

Arch    of    the    Gold- 

smiths 

46 

25} 

144} 

25} 

241 

Composite 

Arch  of  Septimius  Se- 

▼erus           • 

30 

30| 

140} 

29f 

182} 

Palladio 

33 

17 

133 

17 

200 

Scamossi 

SO 

15 

112} 

22} 

180 

2600.  The  minutes  used  in  the  above  table  are  each  equal  to  one  sixtieth  of  the  diameter 
of  the  shaft. 

2601.  Whether  the  pedestal  is  to  be  considered  a  component  part  of  an  order  is  of  little 
importance.  There  are  so  many  cases  that  arise  in  desigtiing  a  building,  in  which  it 
cannot  be  dispensed  with,  that  we  think  it  useful  to  connect  it  with  the  column  and 
entablature,  and  have  consequently  done  so  in  the  examples  already  given  of  the  several 
orders.  Vltruvius,  in  the  rK>ric,  Corinthian,  and  Tuscan  orders,  makes  no  mention  of 
pedestals,  and  in  the  Ionic  order  he  seems  to  connder  them  rather  as  a  necessary  part  in 
the  construction  of  a  temple  than  as  belonging  to  the  order  itself. 

2602.  A  pedestal  consists  properly  of  three  parts,  the  base,  the  die,  and  the  cornice. 
'(  Some  authors,**  says  Chambers,  **  are  very  averse  to  pedestals,  and  compare  a  column 
raised  on  a  pedestal  to  a  man  mounted  on  stilts,  imagining  they  were  first  introduced 
merely  through  necessity,  and  for  want  of  columns  of  a  sufficient  length.  **  It  is  indeed 
true,'*  he  continues,  **  that  the  ancients  often  made  use  of  artifices  to  lengthen  their 
columns,  as  appears  by  some  that  are  in  the  baptistery  of  Constantine  at  Rome ;  the  shafts 
of  which,  being  too  short  for  the  building,  were  lengUiened  and  joined  to  their  bases  by  an 
undulated  sweep,  adorned  with  acanthus  leaves ;  and  the  same  expedient  has  been  made 
use  of  in  some  fragments  which  were  discovered  a  few  years  ago  at  Nismes,  contiguous  to 
the  temple  of  Diana.     Nevertheless,  it  doth  not  seem  proper  to  comprehend  pedestab  in 
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the  number  of  these  artifioes,  nnoe  there  are  many  oceations  on  whiefa  they  are  eridently 
neoeaaary,  and  some  in  which  the  order,  were  it  not  so  raised,  would  loee  much  of  its 
beautiful  appearance.     Thus,  within  our  churches,  if  the  columns  supporting  the  vmult 
were  phused  immediately  on  the  ground,  the  seats  would  hide  their  bases  and  a  good  part 
of  their  shafts ;  and  in  the  theatres  of  the  ancients,  if  the  columns  of  the  scene  had  beee 
placed  immediately  on  the  stage,  the  aetors  would  have  hid  a  considerable  part  of  them 
from  the  audience ;  for  which  reason  it  was  usual  to  raise  them  on  very  high  pedestal^ 
as  was  likewise  necessary  in  their  triumphal  arches ;   and  in  most  of  their  temples  the 
columns  were  placed  on  a  basement  or  continued  pedestal  (f^y/!o6ato),  that  so  the  whole 
might  be  exposed  to  view,  notwithstanding  the  crowds  of  people  with  which  these  plaoee 
were  frequently  surrounded.     And  the  same  reason  will  authorise  the  same  practice  in  our 
churches,  theatres,  courts  of  justice,  or  other  public  buildings  where  crowds  frequently 
,  assemble.     In  interior  decorations,  where,  generally  speaking,  grandeur  of  style  is  not  to 
be  aimed  at,  a  pedestal  diminishes  the  parts  of  the  order,  which  otherwise  might  appear 
too  clumsy  ;  and  has  the  fiirther  advantage  of  placing  the  columns  in  a  more  fiivourable 
view,  by  raising  their  base  nearer  to  the  level  of  the  spectator's  eye.    And  in  a  second  order 
of  arcades  there  is  no  avoiding  pedestals,  as  without  them  it  is  impossible  to  give  the 
arches  any  tolerable  proportion.     Sometimes,  too,  the  situation  makes  it  necessary  to 
employ  pedestals,  an  instance  of  which  there  is  in  the  Luxembourg  at  Paris ;  where^  th« 
body  of  the  buildinff  standing  on  higher  ground  than  the  wings,  the  architect  was  obliged 
to  raise  the  first  oraer  of  the  wings  on  a  pedestal,  to  bring  it  upon  a  level  with  that  of  the 
body  or  corps  de  logU  of  the  building,  which  stands  immediately  on  the  pavement.** 

S60S.  Tlie  dies  of  pedestals  are  occasionally  decorated  with  tablets  or  with  sunk  panela 
whose  margins  are  moulded ;  but,  generally  speaking,  such  practices  are  to  be  avoided. 
In  very  large  pedestals  the  sur&ce  may  be  thus  broken,  as  in  single  monumental  colunms, 
which,  at  best,  are  but  paltry  substitutes  for  originality.  Habit  has  reconciled  us  to  view 
with  pleasure  the  Trajan  and  Antonine  columns,  the  monument  of  London,  and  the  co- 
lumn of  Napoleon  in  the  Place  Vend<^me  at  Paris,  in  each  of  which  the  pedestals  are 
ornamented  in  some  way  or  other,  so  as  to  tell  in  some  measure  the  story  of  the  person 
in  whose  honour  they  were  erected,  or,  as  in  the  basso-relievo  of  the  London  column,  the 
event  which  it  records.  But  care  must  be  taken  when  inscriptions  are  used  to  preserve 
a  rigid  adherence  to  truth,  and  not  to  perpetuate  a  lie,  as  was  the  case  in  the  monument 
just  named,  against  a  most  worthy  portion  of  the  people  of  the  British  empire. 

2604.  As  respects  the  employment  of  pedestals,  we  should  advise  the  student,  except 
under  very  extraordinary  circumstances,  to  avoid  the  use  of  them  under  columns  which 
are  placed  at  a  distance  from  the  main  walls  of  an  edifice,  as,  for  example,  in  porches 
peristvles,  or  porticoes,  —  a  vice  most  prevalent  in  the  Elixabethan  architecture,  or  rather 
the  cmque-cento  period,  which  the  people  of  this  day  are  attempting  with  all  its  ab- 
surdities to  revive.  Here  we  must  again  quote  our  author.  Sir  William  Chambers, 
whose  excellent  work  we  have  used  above,  and  on  which  we  shall  continue  to  draw  largely. 
**  With  regard,"  he  says,  "  to  the  application  of  pedestals,  it  must  be  observed,  that 
when  columns  are  entird.y  detached,  and  at  a  considerable  distance  from  the  wall,  as 
when  they  are  employed  to  form  porches,  peristyles,  or  porticoes,  they  should  never  be 
placed  on  detached  pedestals,  as  thev  are  in  some  of  Scamozzi's  designs,  in  the  temple 
of  Scisi  (  Assisi)  mentioned  by  Palladio,  and  at  Lord  Archer*s  house,  now  Lowe*s  hotel,  in 
Covent  Garden ;  for  then  they  indeed  may  be  compared  to  men  mounted  on  stilts,  as  they 
have  a  very  weak  and  tottering  appearance.  In  compositions  of  this  kind,  it  is  generally 
best  to  place  the  columns  immediately  on  the  pavement,  which  may  be  either  raised  on  a 
continued  solid  basement,  or  be  ascended  to  by  a  flight  of  fronting  steps,  as  at  St  Paul% 
and  at  St.  George's  Bloomsbury ;  but  if  it  be  absolutely  necessary  to  have  a  fence  in  the 
intercolumniations,  as  in  the  case  of  bridges  or  other  buildings  on  tiie  water,  or  in  a  second 
order,  the  columns  may  then,  in  very  large  buildings,  be  raised  on  a  continued  plinth,  as  in 
the  upper  order  of  the  western  porch  of  St.  Paul's,  which  in  such  case  will  be  sufficiently 
high :  and  in  smaller  buildings,  wherever  it  may  not  be  convenient  or  proper  to  place  the 
buustrade  between  the  shafts,  the  columns  may  be  placed  on  a  continued  pedestal,  as  they 
are  in  Palladio's  designs  for  Signer  Comaro*s  house  at  Piombino,  and  at  the  villa  Arsieri, 
near  Vicensa,  another  beautifril  building  of  the  same  master."  The  same  author  continues: 
*<  The  base  and  cornice  of  these  pedestals  must  run  in  a  straight  line  on  the  outade  through- 
out, but  the  dies  are  made  no  broader  than  the  plinths  of  the  columns,  the  intervals  between 
them  being  filled  with  balusters,  which  is  both  really  and  apparently  lighter  than  if  the 
whole  pedestal  were  a  continued  solid.**  The  author  quoted  then  proceeds  to  caution  the 
student  against  the  onployment  of  triangular,  circular,  and  polygonal  pedestals,  and  such 
as  are  swelled  and  have  their  die  in  the  form  of  a  baluster,  or  are  surrounded  by  cinctures. 

These  extravagances  were  rife  in  the  age  of  Louis  XV.,  but  notwithstanding  the  seal  of 
the  jobbing  upholsterers  and  decorators  of  the  present  day,  who  are  the  curse  of  all  archi- 
tectural art,  we  hope  they  will  never  be  permanently  revived  in  this  country,  though  th^r 
introduction  has  already  proceeded  to  a  conuderable  extent 
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9S05.  An  inteTooIunuiialioa  u  the  clewr  diMuice  betweea  two  ealumni  measured  at  tbe 
lower  diameter  of  their  abafts.      "DiU  diatauee  lUiut  depend  prmeipalljr  on  the  order  em- 
plofed :  id  the  Tuscan,  for  example,  the  nature  of  ita  compositian  allows  a  greater  width 
between  columni  than  would  be  admiBsible  in  the  Corinthian  order,  independent  of  wbat 
hai  already  been  itsted  in  Sect.  II.  (££94,  tl  nq.)  in  respect  of  supports  and  loading;  and 
this  becouae  of  tbe  enrichmenta  of  the  aereral  orders  requiring  that  they  should  take  their 
departurei  (tauae  a  phrase  borrowtd  from  another  science)  from  the  aiea  of  their  re- 
apeetiTe  eolutnni.      The  ancient  Dames  (which  are  atill  preserved)  of  the  different  inter- 
columniations  are  described  by  VilruTius  in  his  second  and  fourth  booba.      TTiey  are  —  the 
pyoKMh/le,  wherein  the  space  between  tbe  columns  is  I  diameter  snd  a  half,  as  its  etymology 
fh>m  nimt  and  arvfjii  imports    (thick  in  columns),  an  intercolumniation  used  only  in  the 
Ionic  and  Corinthian  ord«s;  the  ifttj/le  ((nwniAoi,  with  colunms  a  little  more  apalt), 
wherein  the  interval  between  the  colunmi  is  a  little  erealer ;  the  nutylt  (n^rrvXat,  or  well- 
eontrifed  inteival),  wherein  the  interoolumniation  is  of  2  diameters  and  a  quarter ;  the 
diailyIe(SiiurtB>Loi,  with  a  more  extended  interval  between  the  columns),  having  an  inter- 
eolumniation  of  3  diameters  ;  and  the  araotiylt  (apauwvt^t,  with  tew  columns),  wherein 
the  interval  is  4  diameters.      In  the  Boris  order  the  triglyphs  necessarily  regulate  tbe 
intercolutnniations,  inasmuch  as  tbe 
triglyph  should  fidl  over  the  axis  of 
the  column ;  hence  tbe  intercolumnia- 
tions  in  this  order  are  either  systyle 
mcHiotriglyph(that  is,  with  a  single  tri- 
glyph in  the  inlercoluniniation),  or 
H  diameter;  tUastyle,  or  of  2)  dia- 
tneteis;  oraraoetyle,  which  wiUmake 
the  interval  4  diameters,  as  wiU  be 
immedialely     understood    OD    rdbr- 
enee  to  /Ig.  894. ;  wherein  A  is  the 
nsytle  monotri^yph  intercolumnia- 
tion  of  3  modules)  B,  that  of  the  dia- 
ityle,  or  6  modules;  and  C,  the  arno- 
a^le,  or  of  8  modules.       Tbe  inter- 

eolummation   marlud   D  serves  for  ni.  sm. 
the  application  of  coupled  eolamns,  wherdn  the  rule  seems  necessarily  to  be  that  the  space 
between  tbe  eolnmns  may  be  Increased,  so  that  tbe  requisite  number  of  supports  accord- 
ing to  tbe  wder  and  intereolnmniatii            ' 


9606.  Hie  intervals  of  tbe  Tuscan  order  are  iod  icated  in  j!;.  89.^.,  wberdn  A  shows  the 
intercolumnialion  called  eustyle  of  4J  modules ;  B,  tbe  diaatyle  of  6  modules ;  and  C.  the 
aisostyle  of  8.     D,  of  t  module,  is  the  space  of  coupled  columns, 

Hie  intercolumniations  in  this  order  are  scarcely  susceptible  of  rales  other  than  those  we 
have  indicated  in  our  previous  discussion  on  the  orders  generally  in  SecL  II-  (25S3,<4  "V-X 
whernn  we  have  entered  on  the  subject  at  such  length  that  we  refrain  from  saying  more 
ID  this  place.  We  may,  however,  observe,  that  the  application  of  the  principles  tbore 
mentioned  are  so  intimately  connected  with  this  section,  tlul  die  separation  of  onefirom  the 
other  would  destroy  all  our  scheme  for  keeping  the  student  in  the  right  path.  Hereafter 
the  principles  in  question  will  be  applied  to  and  tested  on  arcades. 
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9607.  Id;^.  S96.,  of  lonu:  inter-  . 
eolumnuition*,  A  i*  the  eiutfla  ar- 
rangemnt ;  B,  that  of  tha  duttjrla  ; 
C  Ih^  of  the  uKoKjle  ;  and  D,  tbM 
of  coupled  eolunuu. 

3608.  fig.  89T.  ii  m  liaiikr  >p- 
plioatloa  of  the  iateccalunmutiotu  to 
the  CorinthiaD  order,  wherein  alio  A 
eihilnu  the  euRjIa ;  B,  the  diattyle ; 
■nd  C,  the  ■nroitfle  interrali :  D 
■lu  ihoiriiig  the  epaoe  uied  of  I  mo- 
dule br  coupled  columna. 

3609.  ait  Witliam  CbwnbeiB,  for 
whoea  obierTatioiu  ve  have  much 
reepeet,  —  and,  indeed,  to  whoae  va- 
luable labour!  we  acknowledge  our- 
wlrea  much  indebted, — eeemitobave 
hod  a  dUtant  glimpM  of  the  doe- 
trioe  of  equal  weights  and  lupporti, 
but  knew  not  eiactlf  how  to  jui- 
tify  hi)  notioni  on  the  luhjeol.  He 
therefbre  avoids  the  main  queMion  b; 
attributing    the    pycoostjle  interco- 


choice  ;  obterriag.  that  "ai  the  ar- 
otutraiet  were  compoaed  of  nn^le 
■tone*  or  blocka  of  marhle,  eitenduig 


jlTdings. " 
together  uinatirfaotory,  inaimuch  aa 
we  know  that  the}  were  aufficientlf 
niaaten  of  maaotir;  to  have  conouered  anj'  aueh  difficult;.  We  are  much  more  iitcliited  to 
agree  with  him  when  be  nyi  (liwaja,  however,  reverting  to  the  principle  of  equal  aupporta 
and  weight!^  "  With  regard  to  the  aneoatjle  and  Tuecaa  intercolumoiatioiu,  tbej  an  by 
much  too  vide  either  for  beaut}  or  atrength,  and  can  only  be  used  in  itructures  where 
the  architravet  are  of  wood,  and  ichere  coDTenience  and  ecooom;  take  place  of  all  other 
conuderatioai :  nor  ia  the  diaatjle  sufficiently  aolid  in  large  composition!."  These  consider. 
ations,  howerer,  maj'  be  alwaig  safelj  referred  to  the  £ictnne!  laid  down  in  Section  IT^ 
of  thia  Chapter,  alresd}  alluded  to;  and.  indeed,  that  reference  ii  justified  bj  the  initruc 
tions  of  VitrUTiua  in  the  aecond  chapter  of  his  third  hook,  wherein  he  directs  that  the 
thickness  of  the  column  should  be  augmented  in  an  enlaced  intercolumniation :  as,  (or 
example,  supposing  the  diameter  of  a  column  in  the  pjcnoityle  species  to  he  taken  one 
tenth  of  the  height,  it  should  in  an  armstjle  be  one  eighth ;  arguing,  that  if  in  an  aiBostjle 
the  thickness  of  the  columni  eiceed  not  a  ninth  or  tenth  port  of  their  height,  they  appear 
too  slender,  and  in  the  pjcoostyle  species  the  column  at  One  ^ghth  of  ita  height  is  clums} 
and  unpleasant  in  appearance.  Upon  this  pasaage  Chambers  ohaerrea,  "  that  the  intention 
of  Vitruvius  waa  good,  hut  the  meana  by  which  he  attempts  to  compaas  it  insuffioent- 
His  design  was  to  strengthen  the  supports  in  proportion  as  the  interrals  between  them 
were  enlarged;  jet  acoording  to  the  method  proposed  by  him  thia  cannot  be  effected, 
since  one  neoessary  consequence  of  sugmenting  die  diameter  of  the  column  is  enlarging  tbe 
intercolumniation  proportionably.  Palladio  and  Scamoui  hare  hoverer  admitted  this 
precept  as  literally  Just,  and  by  their  manner  of  applying  it  have  been  guilty  of  Ter^  con. 
sideiable  sbsurditj."  We  are  not  at  all  inclined  to  admit  the  truth  of  the  opimon  irf 
Chambers ;  for,  again  rsrerUng  to  tbe  doctrine  of  the  tupporta  and  loading,  which  was  un- 
known to  him,  it  ia  (o  be  remembered  that  increase  in  (he  space  of  the  inleroolumniation 
immediately  involves  inoreaae  of  weight  in  the  load  or  entablature,  and  therefore  seenu 
to  demand  increase  of  diameter  to  the  supports.  Pslladio  and  Scsmoxti  were  not  there- 
fore guilty  of  the  absurdity  laid  to  their  charge. 

3610.  Among  the  other  reasons  for  our  aikipting  the  practice  of  Vigaola  is  that  he  has 
observed  so  much  uniformity  in  his  intereolumniatumas  except  of  the  Doric  order,  wherein 
tbe  trigljphs  prevent  it,  aware  a>  we  are  that  the  practice  baa  by  many  able  writers  been 
much  condemned.      Chambers  even  says  that  bis  praetiee  in  this  respect  ia  "  preferable  lo 

Xther,  aa  it  answers  perfectly  the  intention  of  Vitruvius,  preaerses  the  oharaoter  of  each 
,  and  m---'"-- ■-    "    -  ■■  ■   '  •       - 


Ii  of  them  an  equal  degree  of  real  solidity." 
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S61 1 .  With  the  exception  of  the  Doric  order,  wherein  the  most  perfect  arrangement  of 
the  detail  results  from  the  interval  produced  by  the  ditriglyph,  there  can  be  no  doubt  that, 
abstractedly  considered,  the  diastyle  and  eustyle  intercolumniations  are  very  convenient 
in  use,  and  may  be  employed  on  most  occasions,  except,  as  just  mentioned,  in  the  Doric 
order. 

2612.  In  setting  out  the  intervals  between  columns  especial  care  must  be  taken  that  the 
centres  of  modillions,  dentils,  and  other  ornaments  in  the  entablature  fidl  over  the  axes  of 
the  columns.  It  is  on  this  account  that  Vignola  gives  about  two  diameters  and  a  third  to 
the  intervals  in  all  the  orders  except  the  Doric,  instead  of  two  diameters  and  a  quarter,  as 
required  by  Vitruvius;  an  alteration  which  removes  the  difficulty  and  greatly  simplifies  the 
rules. 

2613.  Cases  frt>m  many  circumstances  often  occur  where  greater  intercolumniations 
than  the  eustyle  and  diastyle  are  too  narrow  for  use,  and  the  modems,  headed  by  Ferrault, 
have  adopted  an  interval  which  that  master  has  called  aneosystyle.  This  disposition  is 
obtained  without  infringing  on  the  law  of  weights  and  supports,  to  which  we  have  already 
so  often  alluded.  In  it  the  columns  are  cot^tbt/,  as  shown  in  the  preceding  figures,  the  in- 
terval being  formed  by  swo  systyle  intercolumniations,  the  column  separating  them  being, 
as  Chambers  observes,  *'  approached  towards  one  of  those  at  the  extremities,  sufficient  room 
being  only  left  between  them  for  the  projection  of  the  capitals,  so  that  the  great  space  is 
34  diameters  wide,  and  the  small  one  only  half  a  diameter.**  One  of  the  finest  ex- 
amples of  this  practice  is  to  be  seen  in  the  ia^ade  of  the  Louvre,  (tee  Jig.  176.)  which  in 
many  respects  must  be  considered  as  the  finest  of  modern  buildings.  The  objections  of 
Blondel  to  the  practice  are  not  without  some  weight,  but  the  principal  one  is  the  extra 
expense  incurred  by  it ;  fi)r  certain  it  b  that  it  requires  nearly  double  the  number  of 
columns  wanted  in  the  diastyle,  besides  which  it  cannot  be  denied  that  it  causes  con-' 
siderable  irregularities  in  the  entablatures  of  the  Doric,  Corinthian,  and  Composite  orders,- 
which,  however,  are  not  apparent  in  the  other  two.  It  is,  nevertheless,  so  useful  in  cases 
of  difficulty  which  constantly  arise,  that  we  should  be  sorry  to  exclude  the  practice  alto- 
gether, though  we  cannot  recommend  it  for  unlimited  adoption. 

2614.  A  great  many  expedients  have  been  employed  to  obviate  the  irregularity  of  the 
modillions  in  the  Corinthian  and  Composite  orders,  arising  firom  the  grouping  of  columns. 
We,  on  this  head,  agree  with  Chambers,  whose  instructions  we  subjom  in  his  own  words  : 
**  The  simplest  and  best  manner  of  proceeding  is  to  observe  a  regular  distribution  in  the 
entablature,  without  any  alteration  in  its  measures,  beginning  at  the  two  extremities  of  the 
building,  by  which  method  the  modillions  will  answer  to  the  middle  of  every  other  column, 
and  be  so  neai  the  middle  of  the  intermediate  ones,  that  the  difference  will  not  easily  be 
perceivable.  The  only  inconvenience  arising  from  this  practice  is,  that  the  three  central 
intercolumniations  of  the  composition  will  be  broader  by  one  third  of  a  module  than  is 
necessary  for  eleven  modillions :  but  this  is  a  very  trifling  difference,  easily  divided  and 
rendered  imperceptible  if  the  extent  be  anything  considerable."  In  the  Doric  order,  the 
grouping  of  columns  b  not  so  easily  managed,  and  therein  our  author  recommends  the 
expedient  employed  by  Palladio,  in  the  Palazzo  Chiericato,  and  in  the  Basilica  at  Vicenza. 
In  the  last-named,  the  coupled  columns  are  only  21  minutes  apart,  thus  making  the  space 
between  the  axes  2  modules  and  21  minutes,  that  is,  6  minutes  beyond  the  breadth  of  a 
regular  metope,  and  2  half-triglyphs.  To  conceal  the  excess,  the  triglyphs  are  31  minutes 
broad,  and  their  centres  are  carried  1  minute  within  the  axis  of  tiie  column,  and  the 
metope  is  3  minutes  broader  than  the  others.  These  small  differences  are  not  perceptible 
without  a  very  critical  and  close  examination  of  the  distribution.  In  this  arrangement 
the  attic  base  of  Palladio  should  be  employed,  because  of  its  small  projection,  and  the 
larger  intercolumniation  must  be  ar»ostyle. 

2615.  Intercolumniations  should  be  preserved  of  equal  width  in  all  peristyles,  galleries, 
porticoes,  and  the  like ;  but  in  loggias  or  porches,  the  middle  interval  may  be  wider  than 
the  others  by  a  triglyph,  a  modHlion  or  two,  and  a  few  dentils,  that  is,  if  there  be  no 
coupled  columns  at  the  angles  nor  groupings  with  pilasters,  in  which  cases  all  the  other 
intervals  should  be  of  the  same  dimensions.  It  has  been  observed  by  Blondel,  that  on 
occasions  where  several  rows  of  columns  are  used,  as,  for  instance,  in  the  curved  colonnades 
of  the  piazza  of  St.  Peter's,  the  columns  ought  as  much  as  possible  to  be  in  straight  lines, 
because  otherwise  the  arrangement  can  only  be  understood  by  viewing  it  firom  the  centre  of 
the  figure  employed.  The  observation  is  well  worth  the  student*s  consideration,  for  the 
resulting  effect  of  a  departure  fit>m  this  rule,  as  Chambers  has  properly  observed,  is 
^nothing  but  confiision  to  the  spectator's  eve  firom  every  point  of  view."  The  same 
author  condemns,  and  with  justice,  though  m  a  smaller  degree,  the  use  of  **  engaged 
pilasters  or  half  columns  placed  behind  the  detached  columns  of  single,  circular,  ova),  or 
polygonal  peristyles,  as  may  be  seen  in  those  of  Burlington  House.  Wherefore,**  he 
says,  "  in  buildings  of  that  kind,  it  will  perhaps  be  best  to  decorate  the  back  wall  of  the 
peristyle  with  windows  or  niches  only.'*  We  can  hardly  suppose  it  here  necessary  to 
caution  the  student  against  the  use  of  intercolumniations  without  reference  to  the  absolute 
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Book  III. 


tiM  of  them :  they  must  not  be  len  than  three  fiset  even  in  nnall  boildiogs,  became,  as 
Sit  William  Chambers  seriously  says,  **  there  is  not  room  for  a  fat  person  to  pass  between 
them.** 

261 6.  Before  leaving  the  subject  which  has  ftumished  the  preceding  remarks  on  inter- 
columniations,  we  most  earnestly  reconmiend  to  the  student  the  re-perusal  of  Section  IL  of 
this  Book.  The  intervals  between  the  columns  have,  in  this  section,  been  oonudered  more 
with  regard  to  the  laws  resulting  from  the  distribution  of  the  subordinate  parts,  than  with 
relation  to  the  weights  and  supports,  which  seem  to  have  regulated  the  ancient  practice  : 
but  this  distribution  should  not  prevent  the  application  generaUy  of  the  principle,  which 
may  without  difficulty,  as  we  know  from  our  own  experience,  be  so  brought  to  bear  upon 
it  as  to  produce  the  roost  satisfactory  results.  We  may  be  perhaps  accused  of  bringing  a 
fine  art  under  mechanical  laws,  and  reducing  refinement  to  rules.  We  r^ret  that  we 
cannot  bind  the  professor  by  more  stringent  regulations.  It  is  certain  that,  having  in  thia 
respect  carried  the  point  to  its  utmost  limit,  there  will  still  be  ample  opportunity  left  ibr 
him  to  snatch  that  grace,  beyond  the  reach  of  art,  with  the  n^glaet  whoeof  the  critics  are 
wont  so  much  to  taunt  the  artist  in  every  braneh. 


Sect.  X, 


▲RCADIS   AKD   AftCHSS. 


S617.  An  arcade,  or  series  of  arehes,  is  perhaps  one  of  the  most  beautiful  objects  at- 
tached to  the  buildings  of  a  city  which  architecture  affords.  The  utility,  moreover,  of 
arcades  in  some  climates,  for  shelter  from  rain  and  heat,  is  obvious ;  but  in  this  dark 
climate,  the  inconveniences  resulting  from  the  obstruction  to  light  which  they  offer,  seems 
to  preclude  their  use  in  the  cities  of  England.  About  public  buildings,  however,  where 
the  want  of  light  is  of  no  importance  to  the  lower  story,  as 
in  theatres,  courts  of  law,  churches,  and  places  of  public  amuse- 
ment, and  in  large  country  seats,  their  introduction  is  often 
the  souree  of  great  beauty,  when  fitly  placed. 

2618.  In  a  previous  section  (2524.)  we  have  spoken  of 
Lebrun's  theory  of  an  equality  between  the  weights  and  sup- 
ports in  decorative  architecture :  we  shall  here  return  to  the 
subject,  as  applied  to  arcades,  though  the  analogy  is  not,  per- 
haps, strictly  in  point,  because  of  the  diwimilarity  of  an  areh  to 
a  straight  linteL  In  Jig,  898.  the  hatched  part  AEMFDCOB 
is  the  load,  and  ABGH,  CDIK  the  supports.  The  line  GK 
is  divided  into  six  parts,  which  serve  as  a  scale  to  the  diagram, 
the  opening  HI  being  four  of  them,  the  height  BH  six,  NO 
two,  and  OM  one.  From  the  exact  quadrature  of  the  cirele 
being  unknown,  it  is  impossible  to  measure  with  strict  accu- 
racy the  sur&ce  BOC,  which  is  necessary  for  finding  by  sub- 
traction the  sur&ce  AEMFDCOB  ;  but  using  the  common 
method,  we  have 


Fig.  898. 


AD  X  AE-^^^^^="  to  that  sut&ce;  or,  in  figures. 

Now  the  suports  will  beIKxICx2  (the  two  piers)  m  the  piers;  or,  in  figures, 

1x6x2  B  12-00. 

That  is,  in  the  diagram  the  load  is  very  nearly  equal  to  the  supports,  and  would  have  been 
found  quite  so,  if  we  could  have  more  accurately  measured  the  circle,  or  had  with  greater 
nicety  constructed  it.  But  we  have  here,  where  strict  mathematical  precision  is  not  our 
object,  a  sufficient  ground  for  the  observations  which  follow,  and  which,  if  not  founded  on 
something  more  than  speculation,  form  a  series  of  very  singular  accidents.  We  have  chosen 
to  illustrate  the  matter  by  an  investigation  of  the  examples  of  arcades  by  Vignola,  because 
we  have  thought  his  orders  and  arcades  of  a  higher  finish  than  those  of  any  other  master ; 
but  testing  the  hypothesis,  which  we  intoid  to  carry  out  by  examples  from  Palladio,  Sca- 
mozzi,  and  the  other  great  masters  of  our  art,  not  contemplated  by  Lebrun,  the  small 
differences,  instead  of  throwing  a  doubt  upon,  seem  to  confirm  it. 

2619.  In /iff,  898.  we  will  now  carry,  therefore,  the  consideration  of  the  weights  and 
supports  a  step  further  than  Lebrun,  by  comparing  them  with  the  void  space  they  sur- 
round, that  is,  the  opening  HBOCI ;  and  here  we  have  the  rectangle  HBCI^HB  x  HI, 

that  is,  6x4»24,  and  the  semicirele  BOC  equal,  as  above,  to  ^^^^^l^^^- 6 -28.     Then 

24  -I-  6*28  »  30-28  is  the  area  of  the  whole  void,  and  the  weight  and  support  being  1 1  '72  + 
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12b23'72,  are  a  little  more  than  two  thirds  the  areas  of  the  whole  void ;  a  proportion 
which,  if  we  are  to  rely  on  the  approval  of  ages  in  its  application,  will  be  found  near  the 
limits  of  what  is  beautiful. 

2620.  We  shall  now  refer  to  the  examples  of  Vignola  alluded  to ;  but  to  save  the  repe- 
tition of  figures  in  their  numbers,  as  referred  to,  each  case  is  supposed  in  what  immediately 
follows  as  unconnected  with  the  entablatures  which  they  exhibit,  it  being  our  intention  to 
take  those  into  separate  consideration. 


n*.  899.  FTg.  900. 

2621.  Suppose  the  Tuscan  example  (^.  899. )  without  an  entablature,  we  have  the 

Supports,  9*75  X  S     —  29*25 

The  whole  of  rectangle  above  them,  4*25  x  9 *5«b  40*375 

•6) 
T 

23-775 

53-025  solid  parts. 


Less  semi-arch,  fr»x6Sx7854^^g^ 


The  area  of  the  void  is  16*6  +  9*75  x  6*5  «>79'97,  whereof  53*025,  the  portion  of  solid 
parts,  is  not  widely  di£ferent  fVom  two  thirds. 

In  Vignola*8  Doric  example,  (Jig.  900. ),  again  without  the  entablature,  we  have 

Supports,  10*5  X  3     s  31  *50 

The  whole  rectangle  above  them,  S'Sx  10-0» 55*00 


Less  semi-arch,  ^^^;'^^«19*24 


35-76 


67*26  solid  parts. 


The  area  of  the  void  is  1 9*24  +  10*5  x  7—92*74,  whereof  67*26,  the  portion  of  solid  parts, 
is  not  much  di£ferent  from  two-thirds. 

In  the  Ionic  example  (Jig,  901.),  still  without  considering  the  entablature,  the  following 
will  result :  — 

Supports,  1 2  '64  X  2  *66  B  33  *61 

The  whole  rectangle  above  them,  10-88  x  5*2   —56*57 


T  .         u     6-4  X  6-4x7854      ...^ 

Less  semi-arch,    = — 1 6  •08 


40*49 


74*10  solid  parts. 


The  area  of  the  void  is  16-06  +  12-64  x  7*1 » 105*82,  whereof  74*10^  the  portion  of 
solid  parts,  differs  little  in  amount  from  two  thirds  of  the  void. 


790 


PRACTICE  OF  ARCHITECTURE. 


Book  III. 


3 


i 


n 


■i     ui  ■  If]     U     U-.lJ .  Ill'  L!     LI'    u     [*i    \  1    r 


P 


$ 


Tiff.  001. 


k\i.  dU2. 


In  the  CorinthUn  example  (Jig.  90S. ),  not  taking  into  consideration  the  entablature,  the 
following  ifl  the  result :  — 

Supports,  1 4 *11  X  8  -55  a  50*09 

The  whole  rectangle  above  them,  11*33  x  5 '88  =  66 '62 

Less  semi-arch.  ^'^^^^y^-^  -23-65 

»32*97 

8306  solid  parts. 

The  area  of  the  void  is  23-65+ 14*111  x  7-76  =  133-15,  whereof  83 -Oe,  the  portion  of 
solid  parts,  is  somewhat  less  than  two  thirds  of  the  void. 

2622.  The  result  which  flows  from  the  aboTe  examination  seems  to  be  that,  without 
respect  to  the  entablature,  the  ratio  of  the  solid  part  to  that  of  the  void  is  about  -€66, 
Bearing  this  in  mind,  we  shall  next  investigate  the  ratio  of  the  supports  and  weights,  con- 
sidering the  entablature  above  the  arcade  as  a  part  of  the  composition ;  and  still  followinn^ 
Vignola,  whose  examples,  as  we  have  above  stated,  do  not  so  much  differ  from  those  of 
other  masters  as  to  make  it  necessary  to  examine  those  of  each,  we  will  begin  with  that 
architect's  Tuscan  arcade,  without  pedestals,  exhibited  in  /iff.  899.  on  the  preceding  page. 
In  this  example,  from  centre  to  centre  of  pier. 

The  whole  area,  in  round  numbers,  17*5  x  9*5  ...     8166*2 

A  *      —•         u   6-5 X  6-6  X -7854 

Area  of  semi-arch, « 


Rectangle  under  it,  9*75  x6'S 


'16 '6 
.63-3 

Total  void,  therefore,  a«79'9 


Entablature,  9*5  x  3-5 


86*3 
.33*2 


Leaves  for  the  supporting  parts        -  -  -  -  -        53*1 

In  this  example,  therefore,  the  supporting  parts  are  53,  those  supported  33,  and  the 
voids  79.  The  ratio  between  the  solid  and  void  parts  -a  •9,  and  the  ratio  of  the  supports 
to  the  weights  is  jjss  -62. 

The  distance  between  the  axes  of  the  columns  is  9  modules  and  6  parts ;  the  height  of 
the  semi-arch,  3  modules  and  3  parts ;  and  between  the  crown  of  it  and  the  under  side  of 
the  architrave  is  1  module;  the  whole  height,  including  entablature,  being  17  modules 
and  a  half. 
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262S.   FoUoiring  the  nme  general  methodt  we  submit  the  Dorio  arcade  (Jig.  900.) 
without  pedestaL     Measuring,  as  before,  from  centre  to  centre  of  pieri» 


The  whole  area,  in  round  numbers,  20*2  x  10         -  -  -     b 5202*0 

Area  of  semi-arch  ^-^-^^^-  -  -     -19-2 

Rectangle  under  it,  10*5  x  7  -  -     si73*5 


Total  void,  therefore,  »  92-7 

109*3 
Entablature^  10  X  4-2  ......         420 


Leaves  for  the  supporting  jiarts        -  -  .  .  -         67*3         . 

In  this  example,  therefore,  the  supporting  parts  are  67,  those  supported  42,  and  the 
voids  92.  The  ratio  between  the  solid  and  void  parts  is  -85,  and  the  ratio  of  the  supports 
to  the  weights  is  }f  b  -63. 

The  distance  between  the  axes  of  the  columns  is  10  modules,  the  heiffht  of  the  8emi.arch 
is  3  modules  and  6  parts,  and  between  the  crown  of  it  and  the  underside  of  the  architrave 
is  2  modules ;  the  whole  height,  including  the  entablature,  being  20  modules  3|  parts. 

2624.  The  Ionic  arcade,  without  pedestal,  is  shown  in  Jig,  901.  The  measurements, 
as  above,  from  centre  to  centre  of  pier. 

The  whole  area,  22^64  x  10*88  in  round  numbers         ...     ib  246*3 

.  -         . V  fi-4x  6*4  X -7854  ,_  , 

Area  of  semi-arch,  —      j  .  -     — 16  1 

Rectangle  under  it,  12*64  x  7-1  .  .     «89*7 

Total  void,  therefore,  » 105*8 

140*5 
Entablature^  10*88x4-8         -  -  -  -  -  -  52*2 


Leaves  for  the  supporting  parts  -  -  -  -  -         88  *3 

Hence,  in  the  example,  the  supporting  parts  are  88,  those  supported  52,  and  the  voids 
105 ;  so  that  the  ratio  of  the  voids  to  the  solids,  in  this  order,  is  '8,  and  the  ratio  of  the 
supports  to  the  weights  does  not  materially  differ  from  the  other  orders,  being  |l  =  *6. 

The  distance  between  the  axes  of  the  columns  is  10  modules  16  parts,  the  height  of  the 
senu-arch  is  3(  modules  3  parts,  and  between  the  crown  of  it  and  the  under  side  of  the 
architrave  is  2  modules ;  the  whole  height,  including  the  entablature,  being  22  modules 
IS)  parts. 

2625.  Fig.  902.  represents  the  Corinthian  arcade  without  pedestaL  The  measurement, 
as  before,  is  from  centre  to  centre  of  pier. 


The  whole  area,  25-2  x  1 1  *33,  in  round  numbers        .  .  «  288*5 

Areaof«.mi^h,^-^«»^%^«^-^  «     23*6 
Rectangle  under  it,    14*11  x  7*76  —   109*5 


Total  voids,  therefore,  s    133*1 

155*4 
Entablature,  10*36  )iS'S        -  -  -  -  -  -         58*0 

Leaves  for  the  supporting  parts  -  -  -  -  -  97*4 

In  the  Corinthian  example,  therefore,  the  supporting  parts  are  97»  those  supported  58, 
and  the  voids  133.  The  ratio  between  the  solid  and  void  parts  » -8,  and  the  ratio  of  the 
supports  to  the  weights  |f«B'59.  The  distance  between  the  axes  of  the  columns  is 
1 1  modules  and  6  parts,  the  height  of  the  semi-arch  is  3  modules  1 6  parts,  and  between 
the  crown  of  it  and  the  under  side  of  the  architrave  is  2  modules  3)  parts ;  the  whole 
height,  including  the  entablature,  being  25  modules  3)  parts. 

2626.  The  laws  laid  down  by  Chambers  for  regulating  arcades  are  as  follow  :  —  «  The 
void  or  aperture  of  arches  should  nevef  be  much  more  in  height  nor  much  less  than 
double  their  width ;  the  breadth  of  thtf  pier  should  seldom  exceed  two  thirds,  nor  be  less 
than  one  third  of  the  width  of  the  arch,  according  to  the  character  of  the  composition, 
and  the  angular  piers  should  be  broader  than  the  rest  l^y  one  hal^  one  third,  or  one  fourth." 
.  .  .  **  The  height  of  the  impost  should  not  be  more  than  one  seventh,  nor  need  it  ever  be 
leas  than  one  ninth  of  the  width  of  the  apertuse,  and  the  archivolt  must  not  be  more  than 
one  eighth  nor  less  than  one  tenth  thereof.  Tlie  breadth  of  the  console  ot  mask,  which 
serves  as  a  key  to  the  arch,  should  at  the  bottom  be  equal  to  that  of  the  archivolt,  and 
its  sides  must  be  drawn  from  the  centre  of  the  arch.  The  length  thereof  ought  not  to 
be  less  than  one  and  a  half  of  its  bottom  breadth,  nor  more  than  double." 
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9627.  The  ntiot  that  have  been  deduced  by  oomparing  the  Toid  and  solid  parts,  if  there 

be  any  reason  in  the  oonstderations  had,  show  that  this  lav  of  malcing  arches  in  arcades  of 

the  height  of  3  diameters  is  not  empirical,  the  following  being  the  results  of  the  use  of  the 

ratios  in  the  arcade  without,  and  that  with  pedestal,  of  which  we  shall  presently  treat.   Thus 

in  the 

IMameCen.  Diameter*. 

^Tl^*  -S-0;withp«l«Ul.,'^-l-84 

U'O 


Tuscan  arcade  without  pedeitol, 
Doric  arcade  without  pedestal, 
Ionic  arcade  without  pedestal, 


m2"0  — 


lA-sa 
TTo 
18-00 


-S-2  — 


tt'O 


Corinthian  arcade  without  pedestal,  -j^  »  2*3  — 


»'0 


2-08 


2628.  In  the  examples  of  the  arcades  with  pedestals,  we  shall  again  repeat  the  process  by 
which  the  results  are  obtained,  first  merely  stating  them  in  round  numbers.     Fig.  903.  is  a 


..4 


I.  I  i  i  1  i  r  M  i  i!.  A  A  .5 


-I 


13     14 


tig.  905. 

ISiscan  arcade  from  Vignola*s  example,  as  will  be  the  following  ones.  In  this  the  whole 
area  is  306,  omitting  fractions,  the  area  of  the  void  is  156,  that  of  the  entablature  50, 
and  the  supports  100.  The  ratio  of  the  supported  part  (the  entablature),  therefore, 
»  &=■ '5»  *nd  the  supports  and  weights  are  very  nearly  equal  to  the  void.  T^e  height  of 
the  pedestal  is  almost  3  modules  and  8  parts,  the  opening  9  modules  6  parts,  and  the 
width  of  the  whole  pier  4  modules  and  3  parts. 
The  detail  of  the  above  result  is  as  follows :  -« 

The  whole  area,  22*30  X  13*75        .  •  •  .  « 306-62 

Area  of  semi-areh,  ^^^^^-Sx^^  ,  35.43 


Below  that,  12*75  x  9*75 


S 


121-12 

Total  voids,  therefore^ 


Entablature,  13*75  x  3*66  - 
I^eavcs  for  supporting  parts 


^1S6-5S 

150-07 
*  50-32 

99-75 


CUAF.  I. 


ARCADES  AND  ARCHE& 


72S 


It  will  be  seen  that  we  have  taken  the  numbers  in  the  preceding  paragraph  without  supply- 
ing strictly  the  decimal  parts  that  arise  from  the  multiplication  and  subtraction  of  the 
several  portions  compared.  The  coincidence  of  the  hjrpothesis  with  the  apparent  law  is  no 
less  remarkable  in  this  example  than  it  will  be  found  in  those  that  follow ;  and,  scep- 
tical as  we  at  first  were  on  the  appearances  which  pointed  to  it,  we  cannot,  after  the  ex- 
amination here  and  hereafter  given,  do  otherwise  than  express  our  conviction  that,  in  carry- 
ing out  the  principles,  no  unpleasant  combination  can  result 


S~l~t~H"l      kill     10    A    }%    i    1*4    iHs  MoinU, 

FIk.904. 

2629.  Fijf.  904.  exhibits  the  Doric  arcade,  whose  whole  area  from  centre  to  centre  of 
columns  is  S74.  The  area  of  the  void  is  189,  that  of  the  entablature  62,  and  of  the  sup- 
porting parts  112.  The  ratio  of  the  entablature  to  the  supports  is  therefore  fK^  '55,  and 
that  of  tile  supports  and  weights  to  the  voids  *9*  The  height  of  the  pedestal  is  almost 
5  modules  and  4  parts,  the  opening  10  modules,  and  the  width  of  a  pier  4  modules  and 
9  parts. 

As  in  the  preceding  example,  we  think  it  will  be  useful  to  detail  the  process  by  which 
the  general  results  stated  have  been  arrived  at.  It  is  curious  and  interesting  to  observe 
the  similarity  between  the  cases.  It  is  scarcely  possible  to  believe  that  accident  could 
have  produced  it  May  not  the  freemasons  of  the  middle  ages  have  had  some  laws  of  this 
nature  which  guided  their  operations  ?     But  we  will  now  proceed  to  the  calculation. 


The  whole  area,  25*4  x  1475 
Area  of  semi-arch,  ^^^^ 
Below  that,  12*75  x  9*75 


Area  of  semi-arch.  'O-Oxio^x-7854  ^  ^^^^ 

-       1 150-00 


-874-65 


Total  voids,  therefore, 


Entablature,  14*75  x  4*25 
Leaves  for  supporting  parts 


«189'27 

185*38 
»  62-68 

1227(5 


Herein,  as  before,  the  general  result  in  the  preceding  paragraph  has  been  ^ven  in  round 
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Bumben,  that  the  mind  of  tiie  reader  may  not  be  distraeted  from  the  general  propordons. 
The  detail  again  corroborates  the  hypothesis,  as  in  the  preceding  subsection  was  predicated, 
and  the  further  we  proceed,  as  will  be  presently  seen,  its  truth  becomes  more  manifest. 
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2630.  The  Ionic  arcade  with  a  pedestal  is  shown  in  Jig,  905.  The  whole  area  is  448 
between  the  axes  of  the  columns ;  that  of  the  void,  228.  The  entablature's  area  is  7S« 
and  the  supporting  parts  146.  The  ratio,  therefiire,  of  the  load  to  the  support  is  -j^a  -5» 
and  supports  and  weights  are  veir  nearly  equal  to  the  void.  The  height  of  the  pedestal  is 
6  modules,  the  opening  11  modules,  and  the  width  of  a  pier  4  modules  and  12  parts. 

Once  more  returning  to  the  detail  on  which  the  above  proportions  are  based,  and  whidi 
in  this  as  in  the  following  eutmple  we  think  it  better  to  supply,  obserring,  as  before,  that 
the  numbers  above  stated  are  given  roundly,  we  shall  have  in  the  Ionic  arcade. 


Whole  area,  28*66  X  15-66  - 
Area  of  semi-arcb,  "^'"g^'^ 
Below  it,  16-5x11 


Entablature,  1 5  -66  x  4  -7 
Leaves  for  supporting  parts    * 


=»  448*81 


47-01 
181-50 


Total  area  of  voids,  therefore,        =  228*51 

220*90 
=  73*50 


146-80 


Whence  it  will  be  seen  that  the  round  numbers  first  ^ven  are  shown  to  be  sufficiently 
accurate  for  exemplification  of  the  law,  and  that  the  further  we  examine  the  hypothesis  the 
more  closely  we  find  it  connected  with  the  theory  of  weights  and  loads  that  has  occupied  a 
very  considerable  portion  of.  this  Bojpk,  and  which  we  hope  may  not  have  had  the  effect  of 
exhausting  the  reader's  patience.  We  trust  we  shall  have  hb  pardon  for  pursuing  the  course 
we  have  taken. 


Chat.  L 


ARCADES  AND  ARCHE& 


7S5 


1 

• 

1 
1 

1 
1 
1 

U     U     U     Lj 

u    u 

TTTT" 

-artr 

^P 

u   u 

^ 

^ 

nn 

iiimi 

1 

1 

1 

1 

• 
1 

^_^_ 

' " " '' 

1  1  I 


0     1     «     3    4     5 


^hn 


+-I    ■   !    I    ;    I 


10  il    18  13   14    U  16    17   18    lu  90  Modulm 


Fig.  906. 


S631.  Fig,  906.  is  an  arcade  mth  pedestals  of  the  Corinthian  order.  Its  total  area  is 
528,  that  of  the  Toid  284,  the  area  of  the  entablature  84,  and  that  of  the  supporting 
parts  159.  Hence,  the  ratio  of  the  load  to  the  support  is  -M^s  *52,  and  the  supports  and 
weight  are  equal  in  area  to  the  void  within  a  very  small  nraction.  The  height  of  the 
pedestal  is  6i  modules,  the  opening  is  12  modules  wide,  and  the  width  of  a  pier  is 
4  modules  and  9  parts. 

We  here  close  the  curious  proofe  of  a  law  whose  existence,  we  believe,  has  never  been 
suspected  by  modem  architects.  It  was  clearly  unknown  to  Rondelet,  and  but  for  the 
work  of  Ldyrun  already  quoted,  we  might  never  have  been  led  to  the  investigation  of  it. 
Hiat  author  himself  as  we  believe,  did  not  entertain  any  noUon  of  it. 

In  the  Corinthian  arcade  with  pedestal  we  have 

Whole  area,  32x16-5       --.---     b528-00 
Area  of  semi-arch,  12><l^-7854  ^  ^^^^ 

Below  it,  19x12  -  »228*00 


Total  area  of  voids,  therefore, 


Entablature,  16*5  x  5*09 
Leaves  for  supporting  parts  - 


B  284 -05 

248-95 
s  84-10 

159-85 


Thus,  again,  the  law  seems  to  be  borne  out,  and  to  prove  that  the  assumptions  we  have 
been  making  are  not  those  of  empiricism. 

2632.  In  fy,  907.  are  collected  the  imposts  and  archivolts  used  in  the  arcades  of  the 
different  orders. 
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Fig.  907. 

26SS.  We  are  not  of  the  opinion  of  Sb  William  Chambers  in  respect  of  the  arcades 
which  Vignola  has  given ;  that  author  had  not,  we  think,  critically  examined  their  compo- 
sition, and  we  confess  we  do  not  think  his  own  examples  are  improvements  on  those  of  the 
master  in  question ;  but  we  are  willing  to  admit  that  in  the  examples  of  arcades  with 
pedestals,  they  would  have  been  much  improved  by  assigning  a  greater  height  generally 
to  the  plinths  of  the  pedestals,  which  are,  doubtless,  much  too  low,  and  might  be  well 
augmented  by  adding  to  them  a  portion  of  the  dies  of  the  pedestals. 

26S4.  Great  as  is  our  admiration  of  Palladio,  we  do  not  think  it  necessary  to  say  more 
relative  to  his  arcades,  than  that  he  has  given  only  designs  of  arches  with  pedestiUs,  and 
that  their  height  is  from  one  and  two  thirds  to  two  and  a  half  of  their  width.  His  piers 
are  generally  3{  modules,  except  in  the  Composite  order,  wherein  they  are  4}  modules. 

S635.  ScamoEzi  makes  hb  Tuscan  arch  a  little  less  than  double  its  width,  increasing  the 
height  gradually  to  the  Corinthian  arch  with  pedestals  to  nearly  twice  and  a  half  the 
width.  He  diminishes  his  piers  as  the  delicacy  of  the  order  increases,  his  Corinthian 
piers  being  only  3^  modules  in  width.  We  do  not,  however,  think  it  necessary  to  dwell 
longer  on  this  part  of  the  subject,  and  shall  close  it  by  observing  that  the  impost  of  the 
arch  should  not  much  vary  from  half  a  module  in  height,  and  that  the  width  of  the 
archivolt,  which  should  touch  the  shaft  of  the  column  or  pilaster  in  the  geometrical  ele- 
vation, at  its  springing,  is  necessarily  prescribed  by  the  width  of  pier  left  after  setting  out  the 
column  upon  it.  Where  columns  are  used  on  piers,  their  projection  must  be  such  that  the  most 
prominent  member  of  the  impost  should  be  in  a  line  with  the  axis  of  the  column  on  the 
transverse  section.  In  Ionic,  Composite,  and  Corinthian  arcades,  however,  it  may  project 
a  little  beyond  the  axis  of  the  columns,  to  avoid  the  disagreeable  mutilations  which  are 
otherwise  rendered  necessary  in  the  capitals.  Arcades  should  project  not  less  than  their 
width  from  the  front  of  the  wall  which  backs  them.**  With  regard  to  their  interior  deco- 
ration,** says  Chambers,  **  the  portico  may  either  have  a  flat  ceiling  or  be  arched  in  va- 
rious manners.  Where  the  ceiling  is  flat,  there  may  be  on  the  backs  of  the  piers,  pilasters 
of  the  same  kind  and  dimensions  with  the  columns  on  their  fronts ;  facing  which  pilasters 
there  must  be  others  like  them  on  the  back  wall  of  the  portico.  Their  projection  as  well 
as  that  of  those  against  the  back  of  the  piers  may  be  from  one  sixth  to  one  quarter  of  their 
diameter.  These  pilasters  may  support  a  continued  entablature,  or  one  interrupted  and 
running  across  the  portico  over  every  two  pilasters  to  form  coflTers ;  or  the  architrave  and 
friexe  only  may  be  continued,  while  the  cornice  alone  is  carried  across  the  portico  over  the 
pilasters  as  before,  and  serves  to  form  compartments  in  the  ceiling,  as  is  done  in  the  vestibule 
ot  the  Massini  palace  at  Rome,  and  in  the  great  stable  of  the  King*s  mews,  near  Charing 
Cross,**  —  no  longer  in  existence,  having  been  destroyed  to  make  way  on  its  site  for  the 
execrable  mass  of  absurdity  to  which  the  government  who  sanctioned  it  have  fiicetiously 
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inner  wall  of  the  portico 
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imben  thiu  continue! :  ^  **  Wliere  tlie  portico 
iUiptisd  vault,  the  boclu  of  the  pien  end  the 
be  deconted  vith  pilasterB,  u  ii  mbove  described,  Bupporting 
hich  tbearch  Bhoukl  ti' 


a  hexBgons,  octagons,  squa 


ipnng, 
b;  tbe  piojection  of  the  cornice.  Tfae  lault  may  be  enriched 
js  re^iar  figure  auch  a 
tbe  like,  i^  vhich,  and  thur  decoration*,  sereral  examples  are  giiei 
tat  eniinos."  Of  these  «e  shall  hereafter  give  figure*  In  the  propei  . 
the  Tkult  IS  groined,  or  composed  of  flats,  eitcular  or  domical  cures,  luitained  on  pen- 
deDtiTes,  tbe  pilaster*  may  be  as  broad  as  are  the  columns  in  front  of  the  plen,  but  thejr 
must  rise  no  higher  than  Uis  top  of  tfae  impoat,  the  mouldings  of  which  must  finish  aud 
sene  them  instead  of  a  capital,  firoin  whence  tbe  grcrina  and  pendentives  are  to  spring,  as 
also  the  bands  or  arct-dintblBnix  which  diride  the  Tault." 

aese.   in  the  eiamples  of  arcadea,  we  hsTo  followed  tboae  giian  by  Chambers,  as  ex- 

laiiety  whiiji  may  be  inalructire  to  the  student,  and  at  tbe  same  time  affbrd 

Fig.  908.  is  orw  of  the  compositioiu  of  Serlio,  and  is  an 


ibitiu  a  Tari 
iDtt  for  otbe 


cipedient  for  srcbing  in  cases  where  columns  have  been  prorlded,  as  in  places  where  the 
>ue  of  old  ones  may  be  imposed  on  the  architect.  The  larger  aperture  maj  be  from 
4(  to  5  diameters  of  the  column  in  width,  and  in  height  double  that  dimension.  Tlie 
smaller  opening  ia  not  to  exceed  two  third*  of  the  larger  one,  its  height  being  determined 
bj  that  c^  the  ctdumna.  Chambers  thinks,  and  we  agree  with  him,  that  this  sort  of  dis. 
position  might  be  consider^lj  improved  by  adding  an  architiafe  eomice  or  an  entablature 
to  tbe  column,  by  omitting  the  rustics  and  by  surrounding  the  arches  with  archivolts.  It 
is  not  to  be  inferred,  because  this  example  i*  given,  that  it  is  inserted  as  one  to  be  followed 
except  under  very  peculiar  circumstances.  Where  an  arraugement  of  this  kind  is  adopted, 
care  must  be  used  to  secure  tbe  angles  by  artifleial  means. 

9637.  Fig.  909.  is  given  from  the  corlile  of  the  castle  at  Caprsrola  by  Vignola,  ■  struc- 
ture which  in  tbe  First  Book  of  this  work  we  have  (946.)  already  mentioned.  Tfae  height  of 
the  arches  is  somewhat  more  than  twice  their  width.  1  rom  tbe  under  side  of  the  arch  to 
tfae  top  of  tbe  cornice  is  one  third  of  the  height  of  the  arch,  the  breadth  of  wfaose  {uer  is 
equal  to  that  of  the  arch,  and  tbe  ^wrture  in  the  pier  about  one  third  of  it*  breadth. 

S63S.  A  compodtioD  of  Branunte,  executed  in  the  garden  of  tbe  Belvedere  at  Rome,  is 
given  at  fy.  910.     The  arch  in  beigbt  it  somewhat  more  than  twice  its  width,  and  the 
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bnadtb  of  the  pin  equal  to  Uw  opening.  Bj  diTiding  the  latter  into  twctve  parta  n 
haie  0  meatniN  wbieb  eeenu  to  have  pTe*uled  in  (he  mind  of  the  ardiitset,  inaamucfa  aa 
two  of  them  will  meaaute  the  parts  of  the  pier  nipporting  the  arehivolti,  four  the  apaoe 
for  tbe  tvo  oolumtu,  two  for  the  interrala  between  the  niche  and  the  columnei  and  four  fin* 
the  niche.  Half  the  diameter  of  the  arch  meaaurn  the  h«(;ht  of  the  pedeatal ;  the  columns 
are  of  tbo  height  of  ten  diametira,  and  their  entablature  one  quarter  of  the  height  of  the 
columns.      The  jmpoet  and  arehirolt  arc  each  et^ual  to  half  a  diameter  of  the  column. 

3619.  Fig.  911.  ia  an  eumple  whoee  employment  ii  not  uneommon  in  the  dedgna  of 
PalLadio,  and  waa  oonaidered  by  our  great  countryman  Inigo  Jonea  to  he  worthy  of  fab 
imitation.  The  arch  may  be  taken  at  about  twice  its  width,  and  the  pier  not  les  than 
one  nor  more  than  two  thirds  of  the  width  of  the  aperture. 


364a  The  eiample  in  Jiff.  919.  ia  from  the  hand  of  Vignola,  and  was  ciecuted  br  am 
of  the  Bor^iese  bmily  at  Mondragone,  near  Fnucati.  In  it  the  arch  is  a  little  more 
in  height  than  twice  its  width,  and  the  brmdlh  of  the  pier  columns  lupportinB  the  aroh 
inclu£  a  little  less  than  the  width  of  the  arcli  itself.  We  are  not  quite  satisBeJ  m  having 
here  produced  it  aa  an  eiampte,  though,  compared  with  Uie  following  one,  we  tcarcely 
know  whether  we  ihould  not  on  some  accounts  prefer  it 

S64I.  The  last,  example  (JIf.  913.)  i<  one  by  that  great  muter,  Palladio,  from  the  basilica 
at  Viccnsa.  From  the  figure  it  is  impoaaible  to  judge  of  il>  beauty  in  eiecutlon,  neither 
can  any  imitation  of  it,  unless  under  circuautaneex  in  every  tenpect  similar,  produce  the 
•ennlion  with  which  the  building  itself  acts  on  the  spectator ;  yet  in  the  figure  it  appcan 
roesgre  and  nothing  worth.  We  can  therefore  easily  account  for  the  conduct  of  th;  critica,  as 
they  ale  called,  who,  never  having  seen  this  iiuister'a  worlis,  indulge  ia  ignorant  speculations 
of  the  pictorial  effects  which  bu  compoations  produce.  Though  not  entirely  agreeing 
with  Chambers  ia  his  concluding  otoervstioiu  on  arcades  and  arches,  we  may  safely 
transfer  them  to  these  pages.  "  The  most  beautiful  proportion,"  be  observes,  ■*  for  eom- 
poutions  of  this  kind  ii,  that  the  aperture  of  the  arch  be  in  height  twice  its  width ;  that 
the  breadth  of  the  pier  do  not  eiceed  that  of  the  arch,  not  be  much  less ;  that  the  small 
4>Tder  be  in  height  two  thirds  of  the  large  columns,  which  height  b«ng  divided  into  nine 
parts,  eight  of  them  must  be  fur  the  height  of  the  caluma,  and  the  ninth  for  the  height  of 
the  architrave  eomice,  two  fifths  of  which  should  be  for  the  architrave  and  three  for  the 
cornice.  The  brisdth  of  the  archirolt  should  be  equal  to  the  superior  diameter  of  the 
small  columns,  and  the  keystone  at  its  bottom  must  never  exceed  the  same  breadth." 


9643.  Vitruvius,  in  the  fifth  chapter  of  hia  book  "  On  the  Forum  and  Baulica,"  in  both 
which  species  of  buildings  it  is  well  knowo  that  ordera  above  orders  were  employed,  thus 
instructs  hit  readers:  — "  The  upper  columns  are  to  be  made  one  fourth  leas  than  those 
below"  (fiiartriporfefw'sorer  fsom  inftriora  nmi  amatUittnda),  *'and  that  iKcsuse  tbe  latter, 
lieiug  liwded  with  a  weight,  ought  to  be  tbe  stronger  ;  because,  also,  we  should  follow  the 
pnwtjce  of  nature,  which  in  straight-growing  trees,  like  the  fir,  cypress,  and  pine,  makes 
the  thickneaa  at  the  root  greater  than  it  is  at  top,  and  preservea  a  gradual  diminution 
throughout  their  height.  Thus,  foUowbg  the  example  of  nature,  it  is  rightly  ordered  that 
bodiei  which  are  ui^rmost  should  be  less  than  those  below,  both  in  respect  of  height  and 
tbiekncaa."     It  is  outious  that  the  law  thiu  givea  producea  an  exactly  aimilar  result  to  that 
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laid  down  by  Scamoni,  p.  2.  lib.  ▼.  cap.  ii.,  vbereon  we  shall  have  more  presently  to  speak. 
Galliani,  Cbambers,  and  others  have  considered  the  above-qooted  passage  of  Vitruvins  in 
connection  \rith  another  in  chap,  vii  of  the  same  book,  which  treats  of  the  portico  and  other 
parts  of  the  theatre,  wherein  the  author  stetes,  after  giving  several  to  this  question  unim- 
portant details,  **  The  columns  on  this  pedestal**  (that  of  the  upper  order)  **  are  one  fourth 
less  t'n  height"*  (quarts  parte  minores  ahitudine  sint)  **■  than  the  lower  columns."  The  reader 
will  here  observe  the  word  aUitudine  is  introduced,  which  does  not  appear  in  the  passage 
first  quoted  ;  and  we  beg  him,  moreover,  to  recollect  that  the  last  quotation  relates  entirely 
to  the  scene  of  the  ancient  theatre,  in  which  liberties  were  then  taken  with  strict  architec- 
tural proportion  as  much  as  they  are  in  these  later  days.  Those  who  think  that  because 
Vitruvius  interlarded  his  work  with  a  few  fiibles,  he  is  therefore  an  author  not  worth 
consulting,  as  ephemeral  critics  have  done  in  respect  of  that  great  master  of  the  art,  Pal- 
ladio,  may  opine  we  have  wasted  time  in  this  discussion  ;  but,  adopting  the  old  maxim  of 
Horace,  **  Non  ego  paucis  offendar  macuUs,**  we  shall  leave  them  to  the  exposure  which, 
with  the  instructed  architect,  their  own  ignorance  will  ultimately  inflict  on  them,  and  to 
the  enjojrment  o£  the  felicity  attendant  on  a  slight  knowledge  of  the  subject  a  person  is  in 
the  habit  of  handling. 

2643.  We  will  now  place  before  the  student  our  own  reading  and  explanation  of  the 
passage  of  Vitruvius  relative  to  the  use  of  orders  above  orders,  and  attempt 
to  show  what  we  conceive  to  be  its  real  meaning.  In^^r.  914.  the  diagram 
exhibits  an  Ionic  placed  above  a  Doric  column  :  the  entablature  (which 
however  does  not  belong  to  the  consideration)  being  in  both  cases  one 
fourth  of  the  height  of  the  column.  Inasmuch  as  in  our  previous  rules 
(following  Vignola)  it  will  be  recollected  that  the  module  of  the  Doric 
order  is  subdivided  into  twelve^  whilst  that  of  the  Ionic  is  subdivided  into 
eighteen  parts,  we  must,  for  the  purpose  of  obtaining  an  uniformity  of 
measures  in  both  orders,  reduce  those  of  either  to  the  other  to  obtain  si- 
milar dimensions.  Instead,  therefore,  of  measuring  the  upper  order  by  itself^ 
which  would  not  afibrd  the  comparison  sought,  we  shidl  have  to  reduce 
its  established  measures  to  those  of  the  lower  one,  or  Doric,  and  this,  as 
well  as  the  measurement  of  the  lower  order  itself  is  taken  in  modules  and 
decimal  parts  of  its  semidiameter.  Thus,  the  lower  order  being  2  modules 
at  its  bottom  diameter  and  1  '666  modules  at  its  upper  diameter,  the 
means,  without  descending  to  extreme  mathematical  nicety,  may  be  taken 
at  1  '833,  which  multiplied  by  the  height,  1 8  modules  m  32*994,  the  srea  of 
a  section  through  the  centre  of  the  column.  Now  if  the  upper  columns 
are  to  be  the  same  thickness  at  the  bottom  as  the  lower  ones  are  at  the  top, 
that  is,  I  '666  module  of  the  lower  order,  their  upper  diameters  will  be  1  *387 
(that  is,  five  sixths  of  the  lower  diameter),  and  the  mean  will  be  1  '.526, 
which,  multiplied  by  16,  the  height,  »  24*416  the  area  of  a  section  down 
the  centre  of  the  column,  and  just  one  fourth  less  than  that  of  the  lower 
column.  The  investigation  tends  to  show  us  that  we  should  not  lightly 
treat  the  laws  laid  down  by  Vitruvius  and  his  followers  at  the  revival  of 
the  arts,  for  we  may  be  assured  that  in  most  cases  they  are  not  empirical, 
but  founded  on  proper  principles.  We  cannot,  however,  leave  this  point 
without  giving  another  reason,  which  is  conclusive  against  Chambers's 
construction  of  the  passage ;  it  is,  that  supposing  the  upper  column's  lower 
diameter  to  be  the  same  or  nearly  so  as  the  lower  column's  upper  diameter, 
if  the  fourth  part  had  relation  to  the  height  instead  of  the  bulk,  we  should  have  had  the 
absurdity  in  the  illustration  above  given,  of  an  Ionic  column  in  the  second  order  only 
six  and  tiiree  quarters  diameters  high,  whilst  the  lower  or  Doric  is  nine  diameters  in  height. 

2644.  Scamoxxi,  we  doubt  not,  thought  as  we  have  expressed  ourselves  on  this  subject,  and 
we  here  translate  the  words  he  uses  in  the  eleventh  chapter  of  his  sixth  book  (second  part). 
^  Hence  it  is  more  satisftctory,  and  they  succeed  better  and  are  more  pleasing  to  the  eye, 
when  these  colunms  (the  upper  ones)  are  made  according  to  their  proper  diminution,  so 
that  the  lower  part  of  the  upper  column  may  be  just  the  thickness  of  the  upper  part  of  the 
lower  one,  and  so  from  one  to  the  other,  as  may  be  seen  in  the  Ionic  order  of  the  Theatre 
of  Marcellus  and  other  edifices ;  and  thb  is  the  reason  and  natural  cause  that  it  is  the  same 
as  though  out  of  a  long  and  single  tree  the  shafts  were  cut  out  one  after  the  other." 

2645.  The  laws  of  solidity  seem  to  require  that  where  more  than  one  order  is  used,  the 
strongest  is  to  occupy  the  lower  situation ;  thus  the  Doric  is  placed  on  the  Tuscan,  the 
Ionic  on  the  Doric,  the  Corinthian  on  the  Ionic,  and  the  Compomte  on  the  Corinthian ; 
though,  with  respect  to  the  last,  we  find  examples  of  importance  wherein  the  reverse  has 
been  the  case.  Two  tiers  of  columns  should  not  be  of  the  same  order,  neither  should  an 
intermediate  order  be  omitted ;  such,  for  instance,  as  placing  the  Ionic  on  the  Tuscan 
column,  or  the  Corinthian  on  the  Doric;  for  by  this  practice  many  irregularities  are 
introduced,  especially  in  the  details  of  the  members. 
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2646.  Frontwue  the  axes  of  the  upper  and  lower  oolumns  must  be  in  the  same  vertioal 
plane,  but  viewed  in  flank  thia  ia  not  absolutely  necessary ;  they  should  not,  however,  deviate 
too  much  from  it.  In  the  theatre  of  Maroellus  the  axes  of  the  upper  oolumns  are  nearly  a 
foot  within  those  of  the  Doric  below  them  ;  but  circumstances  required  this,  and  there  ia 
no  great  objection  to  the  practice  if  the  solidity  of  the  structure  be  not  leswned  by  it. 
Chunbers  observes  that  the  retraction  riiould  never  be  greater  than  at  the  tiieatre  of 
Maroellus,  where  the  front  of  the  plinth  in  the  second  order  is  in  a  line  with  the  top  of  the 
shaft  in  the  first.  When  the  oolumns  are  detached,  they  should  be  placed  centrally  over 
each  other,  so  that  the  axes  of  the  upper  and  under  ones  may  form  one  continued  line,  by 
which  means  solidity  is  gained  as  well  as  a  satiis&etory  result  to  the  eye.  As  to  the  folae 
bearings  of  the  bases  of  the  upper  order  on  the  profile,  this  is  a  matter  neither  really  affect- 
ing stability  nor  the  appearance  of  the  design. 

S647.  In  England  there  are  not  many  examples  of  orders  above  orders,  while  on  the 
Continent  the  practice  has  not  been  uncommon ;  but  it  is  always  a  matter  of  great  difficulty 
so  to  arrange  them  as  to  avoid  irregularities  where  triglyphs  and  modillions  in  the  same 
design  meet  in  the  composition.  We  have  used  the  figures  of  Chambers  for  our  illustration 
here,  because  they  are  nearly  coincident  with  the  rules  of  Vitruvius  and  iSeamossi,  and  ve 
shall  now  place  them  before  the  reader,  observing  that  the  irregularities  alluded  to  are 
almost  altogether  avoided. 
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2648.  Fig,  915.  exhibits  the  Doric  over  the  Tuscan  order.  The  intervals  A,  B,  and  C 
are  respectively  2},  4J,  and  6j  modules ;  and  A',  B',  and  C\  3,  S^  and  8  modules  of  their 
order.  The  entablature  of  the  lower  order  is  31  modules,  the  column,  including  base 
and  capital,  being  14  modules  high ;  and  the  entablature  of  the  upper  order  is  4  modules 
high,  the  column  with  its  base  and  capital  being  1 6  modules  in  height. 

2649.  The  distribution  of  the  Doric  and  Ionic  orders  is  given  in  fig,  916.,  wherein  the 
intervals  A,  B,  and  C  are  respectively  3,  5i,  and  8  modules  ;  D,  '7  module ;  and  A',  B',  Q\ 
and  D'  respectively  4,  7,  10,  and  I^  modules.  The  Doric  order  in  this  example  is  20 
modules  high,  whereof  #  are  assigned  to  the  entablature ;  the  Ionic  22  modules  high, 
whereof  4  belong  to  the  entablature. 

2650.  In  fig,  917.  is  represented  the  Corinthian  above  the  Ionic  order;  the  intervals 
A,  B,  C,  D  are  respectively  5,  6,  7,  and  1  modules,  and  those  of  A^  B',  C,  D'  respectively 
6*4,7*6,8*8,  1*6  modules;  the  lower  order  is  22^  modules  high,  18  being  given  to  the 
column  with  its  base  and  capital ;  and  the  upper  or  Corinthian  order  is  24)  modules  hi|^ 
whereof  20  belong  to  the  height  of  the  column,  including  its  base  and  capital. 

2651.  The  last  (fig.  918.)  is  of  the  Corinthian  order  above  and  Composite  below.  In 
the  lower  order  the  intervals  A,  B,  C,  D  are  4|.  6,  7,  and  1  modules  respectively,  nnd 
A',  B',  C,  and  D',  in  the  upper  order,  6,  7*6,  8*8,  and  1*6  modules  respeictively.  The 
whole  height  of  the  Corinthian  order  is  25  modules,  whereof  5  are  given  to  the  entablature; 
the  Composite  order  here  is  24)  modides,  of  which  20  belong  to  the  column,  including  the 
base  and  capitaL 

2652.  We  insert  the  observations  of  Chambers  relative  to  the  above  four  figures,  which, 
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as  we  have  adopted  them,  shall  be  in  his  own  words.     **  Among  the  intercolumniations 
there  are  some  in  the  second  orders  extremely  wide,  such  as  the  Ionic  interval  over  the 
Doric  arsMMtyle ;  the  Composite  and  Corinthian  intervals  over  the  Ionic  and  Composite 
arsostyle,  which,  having  a  weak  meagre  appearance,  and  not  being  sufficiently  solid,  * 
excepting  in  small  buildings,  are  seldom  to  be  suffered,  and  should  seldom  be  introduced. 
The  most  eligible  are  the  eustyle  and  diastyle  for  the  first  order,  which  produce  nearly 
the  diastyle  and  araeostyle  in  the  second.**     Speaking  of  the  use  of  pedestals  in  orders 
above  orders,  the  author  thus  proceeds :  —  **  Many  architects,  among  which  number  are 
Palladio  and  Scamoszi,  place  the  second  order  of  columns  on  a  pedestal.     In  compositions 
consisting  of  two  stories  of  arcades  this  cannot  be  avoided,  but  in  colonnades  it  may  and 
ought ;  for  the  addition  of  the  pedestal  renders  the  upper  ordonnance  too  predominant,  and 
the  projection  of  the  pedestal's  base  is  both  disagreeable  to  the  eye  and  much  too  heavy  a 
load  on  the  inferior  entablature.     Palladio,  in  the  Barbarano  palace  at  Vicenza,  has  placed 
the  columns  of  the  second  story  on  a  plinth  only,  and  this  disposition  is  best ;  the  height  of 
the  plinth  being  regulated  by  the  point  of  view,  and  made  sufficient  to  expose  to  sight  the 
whole  base  of  the  column.     In  this  case  the  balustrade  must  be  without  either  pedestals  or 
half  balusters  to  support  its  extremities,  because  these  would  contract  and  alter  the  form 
of  the  column  ;  its  rail  or  cap  must  be  fixed  to  the  shafts  of  the  columns,  and  its  base  made 
lev^  with  their  bases ;  the  upper  torus  and  fillet  of  the  columns  being  continued  in  the 
interval,  and  serving  as  mouldings  to  the  base  of  the  balustrade.     The  rail  and  balusters 
must  not  be  clumsy ;  wherefore  it  is  best  to  use  double-bellied  balusters,  as  Palladio  has 
done  in  most  of  his  buildings,  and  to  give  the  rail  a  very  little  projection,  that  so  it  may 
not  advance  too  far  upon  the  surfiu^e  of  the  column,  and  seem  to  cut  into  it     In  large 
buildings  the  centre  of  the  baluster  may  be  in  a  line  with  the  axis  of  the  column ;  but  in 
small  ones  it  must  be  within  it,  for  the  reason  just  mentioned.     The  height  of  the  balus- 
trade is  regulated  in  a  great  measure  by  its  use,  and  cannot  well  be  lower  than  three  feet, 
nor  should  it  be  higher  than  three  and  a  half  or  four  feet.     Nevertheless,  it  must  neces- 
sarily bear  some  proportion  to  the  rest  of  the  architecture,  and  have  nearly  the  same  relation 
to  the  lower  order,  or  whatever  it  immediately  stands  upon,  as  when  a  balustrade  is  placed 
thereon  chiefly  for  ornament.    Wherefore,  if  the  parts  are  large,  the  height  of  the  balustrade 
must  be  augmented,  and  if  they  are  small  it  must  be  diminished ;  as  Is  done  in  the  Casino 
at  Wilton,  where  it  is  only  two  feet  four  inches  high,  which  was  the  largest  dimension  that 
could  be  given  to  it  in  so  small  a  building.  But  that  it  might,  notwithstanding  its  lowness, 
answer  the  intended  purpose,  the  pavement  of  the  portico  is  six  inches  lower  than  the  bases 
of  the  columns,  and  on  a  level  with  the  bottom  of  the  plat -band  that  finishes  the  basement** 
We  must  here  leave  this  subject,  recommending  the  student  to  an  intimate  acquaintance 
with  the  various  examples  that  have  been  executed,  and  further  advising  him  to  test  each  of 
the  examples  that  may  fall  under  his  notice  by  the  principles  first  adverted  to  in  this  section, 
as  the  only  true  means  of  arriving  at  a  satisfiictory  result 
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8653.  As  the  dispoution  of  one  arcade  upon  another  ia,  under  certain  regulations,  subject 
to  the  same  laws  of  voids  and  solids  as  the  simple  arcade  of  one  story,  which  has  formed  the 
subject  of  a  previous  section,  we  shall  no  ftirther  enter  into  the  rules  of  its  combination 
than  to  oiler  a  iew  general  observations  on  the  matter  in  question  ;  and  herein,  even  with 
the  reproach  of  a  want  of  originality,  we  sha]\^iraw  largely  on  our  much-quoted  author, 
Chambers,  whose  lancruage  and  figures  we  are  about  to  use.  So  sound,  indeed,  is  the 
doctrine  of  Chaq^bers  m  this  respect,  and  so  well  founded  on  what  has  been  done  by  those 
whom  we  consider  the  greatest  masters,  that  we  should  not  be  satisfied  without  transdRerring 
hb  dicta  to  these  pages,  and  that  without  any  alteration.  « 

9654.  <*The  best,"  says  Chambers,  *'and,  indeed,  the  only  good  disposition  for  two 
stories  of  arcades,  is  to  raise  the  inferior  order  on  a  plinth,  and  the  superior  one  <»  a 
pedestal,  as  Sangallo  has  done  at  the  Pallasso  Famese ;  making  both  the  ordonnanoes  of 
an  equal  height,  as  Palladio  has  done  at  the  Basilica  of  Vicenia.** 

9655.  **  Scamozsi,  in  the  thirteenth  chapter  of  his  sixth  book,  says  that  the  arches  in  the 
second  story  should  not  only  be  lower,  but  should  also  be  narrower,  than  those  in  the  first ; 
supporting  his  doctrine  by  several  specious  arguments,  and  by  the  practice,  as  he  says,  of  the 
anciait  architects  in  various  buildings  mentioned  by  him.  In  most  of  these,  however,  the 
superior  arches  are  so  hur  from  being  narrower,  that  they  are  either  equal  to  or  wider  than 
the  inferior  ones.  In  het,  his  doctrine  in  this  particular  is  very  erroneous,  entirely  con- 
trary to  reason,  and  productive  of  several  bad  consequences ;  (or  if  the  upper  arches  be 
narrower  than  the  lower  ones,  the  piers  must  of  course  be  broader,  which  is  opposite  to 
all  rules  of  solidity  whatever,  and  exceedingly  unsightly.  The  extraordinary  breadth  of 
the  pier  on  each  side  of  the  colunuis  in  the  superior  order  is  likewise  a  great  deformity ; 
even  when  the  arches  are  of  equal  widths  it  is  much  too  considerable.  Palladio  has,  in  the 
Caritd  at  Venice,  and  at  the  Palasio  Thiene  in  Vicenxa,  made  his  upper  arches  wider  than 
the  lower  ones,  and  I  have  not  hesitated  to  follow  his  example ;  as  by  that  means  the 
weight  of  the  solid  in  the  superior  order  is  somewhat  diminished,  the  fironts  of  the  upper 
piers  bear  a  good  proportion  to  their  respective  columns,  and  likewise  to  the  rest  of  the 
composition." 

2656.  **  In  a  second  story  of  arcades  there  is  no  avoiding  pedestals.  Palladio  has, 
indeed,  omitted  them  at  the  Cariti,  but  his  arches  there  are  very  ill  proportioned.  The 
extraordinary  bulk  and  projection  of  these  pedestals  are,  as  before  obs^ved,  a  considerable 
defect ;  to  remedy  which  in  some  measure  they  have  been  frequently  employed  without 
bases,  as  in  the  theatre  of  Marcellus,  on  the  outside  of  the  Palazso  Thiene,  and  that  of  the 
Chiericato  in  Vicensa.  This,  however,  helps  the  matter  but  little ;  and  it  will  be  best  to 
make  them  always  with  bases  of  a  moderate  projection,  observing  at  the  same  time  to 
reduce  the  projection  of  the  bases  of  the  columns  to  ten  minutes  only,  that  the  die  may  be 
no  larger  than  is  absolutely  necessary ;  and  in  this  case  particular  care  must  be  taken  not 
to  break  the  entablature  over  each  column  of  the  inferior  order,  because  the  &lse  bearing 
of  the  pedestal  in  the  second  order  will  by  so  doing  be  rendered  far  more  striking,  and  in 
reality  more  defective,  having  then  no  other  support  than  the  projecting  mouldings  of  the 
inferior  cornice.  There  is  no  occasion  to  raise  the  pedestals  of  the  second  order  on  a 
plinth,  for  as  they  come  very  forward  on  the  cormce  of  the  first  order,  and  as  the  point 
of  view  must  necessarily  be  distant,  a  very  small  part  only  of  their  bases  will  be  hid  from 
the  eye." 

9657.  *'  The  balustrade  must  be  level  with  the  pedestals  supporting  the  columns ;  its 
rail  or  cornice  and  base  must  be  of  equal  dimensions,  and  of  the  same  profile  with  theirs. 
It  should  be  contained  in  the  arch  and  set  as  &r  back  as  possible,  that  the  form  of  the  arch 
may  appear  distinct  and  uninterrupted  firom  top  to  bottom ;  for  which  reason,  likewise,  the 
cornice  of  the  pedestals  must  not  return  nor  profile  round  the  piers,  which  are  to  be  con- 
tained in  straight  perpendicular  lines  from  the  imposts  to  the  bases  of  the  pedestals.  The 
back  of  the  rail  may  either  be  made  plain  or  sunk  into  a  panel  in  form  of  an  open  surbase, 
for  so  it  will  be  most  convenient  to  lean  upon,  and  it  riiould  be  in  a  line  with  or  somewhat 
recessed  within  the  backs  of  the  piers.  The  back  part  of  the  balustrade  may  be  adorned 
with  the  same  mouldings  as  the  bases  of  the  piers,  provided  they  have  not  much  projec- 
tion ;  but  if  that  should  be  considerable,  it  will  be  best  to  use  only  a  plinth  crowned  with 
the  two  upper  mouldings,  that  so  the  approach  may  remain  the  more  free." 

2658.  In  fig,  919.  is  a  Doric  above  a  Tuscan  arcade,  from  the  example  siven  by 
Chambers,  whereon,  before  giving  the  dimensions  of  the  different  parts,  we  shall  merely 
observe  of  it  that  the  voids  or  arcades  themselves  are  in  round  numbers  to  the  solids  as 
995  to  905,  being  vastly  greater.  We  are  inclined  to  think  that  the  voids  in  this  cose 
are  rather  too  great  in  volume,  and  that  had  they  been  reduoed  to  one  half  exactly,  the 
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proportions  would  baTe  been  somewbat  more  pleasing.  It  is 
true  that  a  trifling  irregularity  would  have  been  introduced 
into  the  triglypbs  of  the  upper  order,  or  rather  the  metops 
between  them ;  but  that  might  have  been  easily  prorided  against 
by  a  very  trifling  alteration  in  the  height  of  the  frieze  itselC 
'Diis  fiiult  of  making  the  voids  too  large  pervades  Chambers's 
examples,  and  but  that  we  might  have  been  thought  too  pns 
suming  we  should  have  slightly  altered  the  proportions,  little 
being  requisite  to  bring  them  under  the  laws  which  we  have 
thought  to  be  founded  on  reason  and  ana]<^y.  We  have  indeed 
throughout  this  work  refrained  from  giving  other  than  approved 
examples,  preferring  to  confine  ourselves  to  observations  on 
them  when  we  have  not  considered  them  fiiultless. 

2659.  In  the  figure  the  clear  width  of  the  lower  arcade  is 
7],  and  its  height  14}  modules.  The  width  of  each  pier  is  1 
module.  Of  the  upper  arcade  the  width  ts  94,  and  the  height 
IS'SSS  modules.  The  width  of  the  piers  is  1)  module  each. 
The  height  of  the  plinth  of  the  lower  order  is  1|  module,  that 
of  the  column,  including  base  and  capital,  144  modules,  the 
entablature  S}.  The  height  of  the  pedestal  of  the  upper  order 
is  3*733  modules,  of  the  column  with  its  base  and  capital  16, 
and  of  the  entablature  3*733  modules.  In  the  proportions 
between  the  voids  and  solids  above  taken  the  balustrade  is  not 
considered  as  a  solid,  because,  in  fiiet,  it  is  nothing  more  than 
a  railing  for  the  protection  of  those  using  the  upper  story. 
As  we  have  expressed  our  desire  to  give  the  examples  of  others 
rather  than  our  own,  we  feel  bound  to  recommend  the  student 
to  set  up  the  diagram  in  question,  with  the  simple  alteration  of  reducing  the  solids 
nearly  to  an  equality  with  the  voids,  which  may  be  done  with  suflicient  accuracy  by  as- 
signing to  the  lower  arcade  a  module  less  in  width  than  Chambers  has  done ;  and  we 
venture  to  say  that  he  will  be  surprised  at  the  difference,  as  regards  grace  and  elegance, 
which  will  result  firom  the  experiment.  It  is  to  be  understood  2iat  no  change  is  proposed 
in  the  other  dimensions  of  the  ordonnance,  the  width  of  piers,  orders,  entablatures,  all  re- 
maining untouched. 

2660.  In  Jig.  920.  we  give  another  example  from  Chambers,  which,  in  our  opinion, 
reqiures  a  rectification  to  bring  it  into  proper  form.  Herein  the  Ionic  is  used  above 
the  Doric  arcade,  and  the  voids  to  the  solids  are  as  3*33  to  2*98,  being  much  more 
than  equal  to  them.  In  this,  as  in 
the  former  example,  we  should  have 
preferred  a  greater  equality  between 
the  solids  and  voids,  though  in  that 
under  consideration  there  is  a  nearer 
approximation  to  it. 

2661 .  In  the  figure  the  clear  width 
of  the  lower  arch  is  8L  and  its  heisht 
161  modules;  the  width  of  each  pier 
is  1  module.  Of  the  upper  arcade 
the  width  is  10),  and  the  height  20) 
modules.  The  width  of  the  piers  is 
1)  module  each.  The  height  of  the 
plinth  of  the  lower  order  is  1)  module 
that  of  the  column,  including  the  base 
and  capital,  16)  modules,  and  of  the 
entablature  4  modules.  The  height 
of  the  pedestal  of  the  upper  order  4 
modules,  of  the  oolunm,  including 
base  and  capital,  18  modules,  and  of 
the  entablature  4,  and  of  the  balus- 
trade above  it  3). 

2662.  Ilie  dimensions  of  the  Ionic 
and  Corinthian  arcades  in  Jig.  921. 
are  as  follow  :  —  Clear  width  of 
lower  arch  9  modules,  its  height  18) 
modules.  The  width  of  each  pier  is 
1  module.  Of  the  upper  arcade  the 
width  of  an  arch  I5f  modules,  and  its 
height  23  modules.  '  The  width  of 
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the  piers  ia  1|  module  each.  The  height  of  the  plinth  to  the  lower  order  is  1]  module; 
of  the  column,  including  base  and  capital,  18  modules;  the 
entablature  41  modules.  The  pedestal  of  the  upper  order 
is  41  modules  high;  column,  including  hue  and  capital,  20 
moaules ;  entablature  4)  modules ;  and,  lastly,  the  balus- 
trade is  3f  modules  in  height. 

S663.  Fia.  9S2.  is  an  arrangement  adopted  by  Palladio 
in  his  basilica  at  Yicensa,  being  the  dimensions,  or  nearly, 
of  the  arcades  on  the  flanks.  The  intermediate  ones  are 
much  wider.  In  the  basilica,  however,  the  eiftablature 
breaks  round  the  columns  of  the  orders.  Hie  width 
between  the  axes  of  the  columns  of  the  lower  order  is  15 
of  their  modules.  The  arch  is  15  modules  high  and  7) 
wide.  The  order  wh^eflrom  the  arch  springs  is  10|  modules 
high ;  from  axis  to  axis  of  the  small  columns  in  the  lower 
arcade  is  9  modules.  The  height  of  the  plinth  is  1}  module, 
of  the  principal  columns,  including  bases  and  plinths,  16 j 
modules,  and  of  their  entablature  4  modules.  In  the  upper 
arcade  the  distance  between  the  axes  of  the  principal 
columns  is  18  of  their  modules.  Their  pedestals  are  4 
modules  high,  the  columns,  including  bases  and  capitals,  18 
modules,  and  entablature  4  modules  high.  The  width  of  the 
arch  is  9]  modules,  and  its  height  30|  modules.  The  height 
of  the  small  columns  is  11*733  modules  high,  includmg 
their  entablature. 

2664.  The  use  of  arcades  above  arcades  seems  from  its 
nature  almost  confined  to  public  buildings,  as  among  the 
ancients  to  their  theatres  and  amphitheatres.     In  the  in- 
terior quadrangles  or  courts  of  palaces  they  have  been  much  employed  on  the  Continent, 
and  in  the  magnificent  design  made  by  Inigo  Jones  for  the  palace  at  Whitehall  are  to 
be  found  some  very  fine  examples. 
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S665.  When  the  order  used  for  decorating  the  fitfade  of  a  building  is  placed  in  the  middle 
or  second  story,  it  u  seated  on  a  story  called  the  basement  The  proportion  of  its  height  to 
the  rest  must  in  a  great  measure  depend  on  the  use  to  which  its  apartments  are  to  be 
appropriated.  "  In  Italy,"  observes  Chambers,  **  where  their  summer  habitations  are  very 
frequently  on  that  floor,  the  basements  are  sometimes  very  higlu  At  the  palace  of  Porti, 
in  Vicenza,  the  height  is  equal  to  that  of  the  order  placed  thereupon ;  and  at  the  Thiene. 
in  the  same  city,  its  height  exceeds  two  thirds  of  that  of  the  order,  although  it  be  almost 
of  a  sufficient  elevation  to  contain  two  stories ;  but  at  the  Villa  Capra,  and  at  the  Loco 
Arsieri,  both  near  Vicenza,  the  basement  is  only  half  the  height  of  the  order ;  because  in 
both  these  the  ground  floor  consists  of  nothing  but  offices."  It  may  hence  be  gathered  that 
no  absolute  law  can  be  hud  down  in  reference  to  the  height  of  a  basement  story.  Tet  we  may 
state,  generally,  that  a  basement  should  not  be  higher  than  the  order  it  is  to  support,  for  it 
would  in  that  case  detract  from  the  principal  part  of  the  composition,  and,  in  fiict,  would  be 
likely  to  interfere  with  it.  Besides  which,  the  principal  staircase  then  requires  so  many  steps 
that  space  is  wasted  for  their  reception.  **  Neither,*'  says  Chambers,  "  should  a  basement 
be  lower  than  half  the  height  of  the  order,  if  it  is  to  contain  apartments,  and  consequently 
have  windows  and  entrances  into  it ;  for  whenever  that  is  the  case  the  rooms  will  be  low, 
the  windows  and  doors  very  ill  formed,  or  not  proportional  to  the  rest  of  the  composition, 
as  is  observable  at  Holkham :  but  if  the  only  use  of  the  basement  be  to  raise  the  ground 
floor,  it  need  not  exceed  three,  four,  or  at  the  most  five  or  six  feet  in  height,  and  be  in  the 
form  of  a  continued  pedestal.** 

2666.  Basement  stories  are  decorated  generally  with  rusdc  work  of  such  various  kinds, 
that  we  fear  it  would  be  here  impossible  to  describe  or  represent  their  varieties.  Many 
are  capricioudy  rock-worked  on  their  surfiitce,  others  are  plain,  that  is,  with  a  smooth  sur* 
face.  The  height  of  each  course,  including  the  joints,  should  on  no  account  be  less  than 
one  module  of  the  order  which  the  basement  supports ;  their  length  may  be  from  once  and 
a  half  to  thrice  thmr  height  As  respects  the  joints,  these  may  be  square  or  chamfered 
off.     When  square  joints  are  used,  they  should  not  be  wider  than  one  eighth  part  of  the 
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beight  of  the  ruitic  itself  nor  nanower  than  one-tenth,  their  depth  not  ezeeeding  their 
wi<hb.  When  the  joints  are  chamfered,  the  chamfer  should  be  at  an  angle  of  forty-five 
degrees,  and  the  whole  width  of  the  joint  firom  one  third  to  one  fourth  of  the  height  of  the 
rustic. 

2667.  The  courses  are  sometimes  (often  on  the  Continent)  laid  without  showing  Tertical 
joints ;  but,  as  Chambers  says,  this  **  has  in  general  a  bad  appearance,  and  strikes  as  if  the 
building  were  composed  of  bosrds  rather  than  of  stone.  Pallsdio*s  method  seems  fiur  pre- 
ferable, who,  in  imitation  of  the  ancients,  always  marked  both  the  Tertical  and  the  hori- 
aontal  joints ;  and  whenerer  the  former  of  these  are  regularly  and  artfully  disposed,  the 
rustic  work  has  a  very  beautiful  appearance."  We  shall  presently  make  a  few  remarks  on 
the  subject  of  rustics ;  but  here,  to  continue  and  finish  that  more  immediately  under  con- 
sideration, have  to  add,  that  when  a  high  basement  is  used,  it  is  not  uncommon  to  crown  it 
with  a  cornice,  as  may  be  seen  in/ig.  909l  ;  but  the  more  common  practice  is  to  use  a  plat- 
band only  (as  in  Jig,  91 1.),  whose  hoght  should  not.be  greater  than  that  of  a  rustic  exdu- 
sive  of  the  joint.  Of  a  similar  height  should  be  made  the  soccolo  or  plinth ;  but  this  may, 
and  ought,  perhaps,  to  be  somewhat  higher.  When  arches  occur  in  basements,  the  plat- 
band, which  serves  for  the  impost,  shoiud  be  as  hi^  as  a  course  of  rustics,  exclusive  of  the 
joint ;  and  if  the  basement  be  finished  with  a  cornice,  such  basement  should  have  a  regularly 
moulded  base  at  its  foot ;  the  fonner  to  be  about  one  thirteenth  of  the  whole  height  of  the 
basement,  and  the  base  about  one  eiehteenth,  without  the  plinth. 

9668.  The  Attic  —  which  is  used  instead  of  a  second  order  where  limits  are  prescribed 
to  the  height  of  a  building,  examples  whereof  may  be  seen  at  Greenwich  Hospital,  and  in 
the  Valmarano  palace,  by  the  great  Palladio,  at  Vicenza —  should  not  exceed  in  height 
one-third  of  the  order  wherieon  they  are  placed,  neither  ought  they  to  be  less  than  one 
quarter.  Bearing  some  resemblance  to  a  pedestal,  the  base,  die,  and  cornice  whereof  they 
are  composed  may  be  proportioned  much  in  the  same  way  as  the  respective  divisions  of 
their  prototypes.  They  are  somedmes  continued  without,  and  sometimes  with,  breaks 
over  the  column  or  pilaster  of  the  order  which  they  crown.  If  they  are  formed  with 
pilasters,  such  ought  to  be  of  the  same  width  as  the  upper  diameter  of  the  order  under 
tiiem,  never  more.  In  projection  they  should  be  one  quarter  of  their  width  at  most. 
They  may  be  decorated  with  sunk  moulded  panels  if  necessary ;  but  this  is  a  practice 
rather  to  be  avoided,  as  is  most  especially  that  of  using  capitak  to  them  —  a  practice  much 
in  vogue  in  France  under  Louis  XV. 

2669.  We  now  return  to  the  subject  of  the  roca-worked  rustic,  whereof,  above,  some 
notice  was  promised.  The  practice^  though  occasionally  used  by  the  Romans,  seems  to  have 
had  its  chidT  origin  in  Florence,  where,  as  we  have  in  a  former  Book  (S29.)  observed,  each 
palace  resembled  rather  a  fortification  than  a  private  dwelling.  Here  it  was  used  to  excess ; 
and  if  variety  in  the  practice  is  the  desire  of  the  student,  the  buildings  of  that  city  will 
furnish  him  with  an  almost  infinite  number  of  examples,  llie  introduction  of  it  gives  a 
boldness  and  an  expression  of  solidity  to  the  rustics  of  a  basement  which  no  other 
means  ailbrd.  In  the  either  parts  of  Italy  it  was  sparingly  applied,  but  with  more 
taste.  Vignola  and  Palladio  seem  to  have  treated  it  as  an  accident  productive  of  great 
variety  rather  than  as  a  means  of  decoration.  The  last-named  architect  has  in  the  Palazso 
Thiene  carried  it  to  the  utmost  extent  whereof  it  is  susceptible.  Yet,  with  this  extreme 
extent  of  application,  the  design  fells  from  his  hands  full  of  grace  and  feeling.  To  imitate 
it  would  be  a  dangerous  experiment.  De  Brosse  foiled  at  the  Luxembourg,  and  produced 
an  example  of  clumsiness  which  in  the  Palazzo  Fitti  does  not  strike  the  spectator. 

2670.  Rustics  and  rockwork  on  columns  are  rarely  justifiable  except  for  the  purpose  of 
some  particular  picturesque  effect  which  demands  their  prominence  in  the  scene,  or  street 
view,  as  in  the  gateway  at  Burlington  House  in  Piccadilly,  —  a  splendid  monument  of  the 
great  talent  of  Lord  Burlington. 
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2671.  Pilasters,  or  square  columns,  were  by  the  Romans  termed  ante,  by  the  Greeks 
panutaia.  This  last  word  implies  the  placing  one  object  standing  against  another,  a  sufli- 
ciently  good  definition  of  the  word,  inasmuch  as  in  ninety-nine  cases  out  of  a  hundred  they 
are  engaged  in  or  backed  against  a  wall,  or,  in  other  words,  are  portions  of  square  columns 
projecting  from  a  wall. 

2672.  It  is  usual  to  call  a  square  column,  when  altogether  disengaged  from  the  wall, 
a  pUiar  or  pier ;  and  we  are  inclined  to  think,  notwithstanding  the  alleged  type  of  trees, 
that  the  primitive  supports  of  stone  buildings  were  quite  as  likely  to  have  been  square 
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M  round,  and  that  the  ioooiiTeiileiice  attendant  upon  square  angles  may  hare  led  the 
earliest  builders  to  round  off  the  oomers,  and  gradiuJly  to  bring  them  to  a  cireular  plan. 
Isolated  pillars  are  rarely  found  among  the  examples  left  us  by  the  ancients ;  the  little 
temple  at  Trevi  furnishes,  indeed,  an  example,  but  not  of  the  best  period  of  the  art.  The 
principal  points  to  be  attended  to  in  their  use  are  their  projection,  diminution,  the  mode 
of  uniting  the  entablature  over  them  with  that  of  their  columns,  and  thdr  flutings  and 
capitals. 

2673.  In  respect  of  the  projection  of  pilasters,  Perrault  says  they  should  project  one  hall, 
and  not  exceed  that  by  more  than  a  sixth,  as  in  the  frontispiece  of  Nero,  unless  circumstances 
require  a  diiFerent  projection.  The  pilasters  of  the  PUitheon  project  only  a  tenth  part  of  their 
width  ;  and  sometimes,  as  in  tlie  forum  of  Nerra,  they  are  only  a  fourteenth  part.  But  when 
pilasters  are  to  receive  the  imposts  of  arches  against  their  sides,  they  are  nude  to  project  a 
fourth  part  of  their  diameter ;  and  this  is  a  convenient  proportion,  because  in  the  Corinthian 
order  the  capital  is  not  so  much  disfigured.  Hence,  when  pilasters  are  made  to  form  re-en- 
tering angles,  thev  should  project  more  than  half  their  diameter.  Many  and  various  opinions 
have  been  formed  on  the  propriety  of  diminishing  pilasters.  Perrault,  with  whom  we  incline 
to  agree,  thinks  that  when  one  foce  only  projects,  pilasters  should  not  be  diminished. 
Those  at  the  flanks  of  the  portico  of  the  Pantheon  are  without  diminution.  But  when 
pilasters  are  on  the  same  line  as  columns,  we  want  to  lay  the  entablature  from  one  to  the 
other  without  any  projection,  in  which  case  the  pilaster  must  be  diminidied  in  the  same 
degree  as  the  column  itself,  speaking  of  the  front  fiice,  leaving  the  sides  undiminished,  as  in 
the  temple  of  Antcminus  and  Faustina.  When  the  pilaster  has  two  of  its  foces  projecting 
fix>m  the  wall,  being  on  the  angle,  and  one  of  those  fbces  answers  to  a  column,  sudi  &ce  is 
diminished  similarly  to  the  column,  as  in  the  portico  of  Septunius,  where  the  fiuse  not  cor- 
responding to  the  column  receives  no  diminution.  There  are,  however,  ancient  examples 
where  no  diminution  is  practised,  as  in  the  interior  of  the  Pantheon,  where  it  is  so  small  as 
not  to  be  very  apparent,  being  much  less  than  that  of  the  column,  as  is  also  the  case  in  the 
temple  of  Mars  Ultor,  and  in  the  arch  of  Constantine.  In  these  cases,  the  custom  of  the 
ancients  is  sometimes  to  place  the  architrave  plumb  over  the  column,  which  brings  it 
within  the  line  of  the  pilaster.  This  may  be  seen  in  the  temple  of  Mars  Ultor,  in  the 
interior  of  the  Pantheon,  and  in  the  portico  of  Septimius.  Sometimes  this  excess  is  divided 
into  two  parts,  one  whereof  goes  to  the  excess  of  projection  of  the  architrave  above  the 
column,  and  the  other  half  to  the  deficiency  of  extent  above  the  pilaster,  as  in  the  forum  of 
Nerva.  Hie  whole  matter  is  a  problem  of  difficult  solution,  which  Chambers  has  avoided, 
but  which,  with  reference  to  the  examples  we  have  cited,  will  not  be  attended  with  diffi- 
culty to  the  student  in  his  practice. 

2674.  We  have  above  seen  that  pilasters,  when  used  with  columns,  are  subject  to  the 
form  and  conditions  of  the  latter.  As  to  Uieir  flutings  we  are  left  more  at  liberty.  In 
the  portico  of  the  Pantheon  we  find  the  pilasters  fluted  and  the  columns  plain.  This, 
however,  may  have  been  caused  by  the  difficulty  of  fluting  the  latter,  whidi  are  of 
granite,  whilst  the  pilasters  are  of  marble.  On  the  other  hand,  we  sometimes  find  the 
columns  fluted  and  the  pilasters  plain,  as  in  the  temple  of  Mars  Ultor,  and  the  portico  of 
Septimius  Severus.  Generally,  too,  it  may  be  obsoved  that  when  pilasters  project  less  than 
half  their  diameter,  their  return  fiioes  are  not  fluted.  In  respect  of  the  number  of  the  flutes, 
if  the  examples  of  the  ancients  were  any  guide,  could  have  been  no  fixed  rule ;  for  in  the 
portico  of  the  Pantheon,  the  arch  of  Septimius  Severus,  and  that  of  Constantine,  seven 
flutes  only  are  cut  on  the  pilasters,  whilst  the  flutes  of  the  pilasters  in  the  interior  of  the 
Pantheon  are  nine  in  number.  This,  however,  is  to  be  observed,  that  the  flutes  must  always 
be  of  an  odd  number,  except  in  re-enterinff  pilasters,  wherein  four  are  placed  instead  of 
three  and  a  half,  and  five  instead  of  four  and  a  half,  when  the  whole  pilaster  would  have 
nine.  Tliis  is  done  to  prevent  the  ill  effect  which  would  be  produced  in  the  capital  by  the 
bad  falling  of  the  leaves  over  the  flutes. 

2675.  We  shall  hereafter  sive  from  Chambers  some  representations  of  pilaster  capitals, 
which,  except  as  regards  their  width,  resemble  those  of  the  order  tliey  accompany,  llie 
practice  of  the  ancients  in  this  respect  was  very  varied.  Among  the  Greeks  the  form  of  the 
pilaster  capital  was  altogether  different  from  that  of  the  column,  seeming  to  have  no 
relationship  to  it  whatever ;  but  on  this  point  the  student  must  consult  the  works  on  Gre- 
cian antiquities,  an  example  whereof  will  be  found  in  /iff,  883. 

2676.  A  pilaster  may  be  supposed  to  represent  a  column  and  to  take  its  place  under 
many  circumstances ;  and,  notwithstanding  all  that  was  sud  on  the  subject  by  the  Abb4 
Langier,  many  years  ago,  agunst  the  employment  of  pilasters  altogether,  we  are  decidedly 
of  opinion  that  they  are  often  useful  and  important  accessories  in  a  building.  It  would  be 
difficult  to  enumerate  every  situation  wherein  it  is  expedient  to  use  pilasters  rather  than 
insulated  or  engaged  columns.  In  internal  apartments,  where  the  space  is  restricted,  a  co- 
lumn appears  heavy  and  occupies  too  much  room.  Hie  materials,  roorever,  which  can  be 
obtained,  often  restrict  the  architect  to  the  use  of  pilasters,  over  which  the  projections  of 
the  entablature  are  not  so  great ;  indeed,  as  the  author  in  the  Enc^dapedu  Methodique  ob- 
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■FTTOi,  a  piiaster  maj  be  oonudered  ma  m  column  in  ba»-relief,  mai  a  thus,  6^>m  the 
dlmuu^ied  quuttity  of  Labour  aJid  nuterial  in  it.  simpier  and  more  eeoTwrnica]  in  appli- 
ealion.      Tlat  in  hoiuee  and  palacei  of  tbe  KCOnd  claw  the  decoiation  b;  pilailen  a  of 

Kil  Kni»   mar  ^  amplji  thoira  by  idereoce  to  the  worki  of  Bramanle,   San  Gallo, 
ladio,  and  the  other  great  maaten  of  Italf,    no  lea  than  in  tbia  nouotrj  to  tha«  of 
Jones.  Wren,  and  Vanbnigh. 

2677.  In  profiling  the  capitals  of  Tutcui  and  Doric  pilaMen  there  can  of  course  arise 
no  JiiScultj  ;  thej  foUom  the  proGleiof  thoee  orertbecalumna  thenueUe*.  In  thecapilsb, 
however,  of  tbe  other  orden,  tome  difficulties  occur  i  these  are  thus  noticed  hy  Chauibcn. 
'^  In  the  antique  Ionic  cspitsl,  tbe  eitraordinary  projection  of  the  ovt^o  makes  it  necessary 
«lher  to  bend  it  inwards  coniiderablj  towards  the  extremities,  that  it  nw;  pass  behind  Hie 
Tolutes,  or,  instead  of  keeping  the  Tolutes  flat  in  tnmt,  as  they  conimoDly  are  in  the  an- 
tique, to  twist  them  outwards  till  they  giTe  nwm  for  the  passage  of  tbe  oiolo.  Le  Clerc  " 
(TVai't^  d'ArclilUctmrcl  "thinks  the  latter  of  Ibeae  expedients  the  best,  and  that  the 
artilice  miiy  not  be  loo  striking,  the  projection  of  the  ovolo  may  be  considerably  ditmnished, 
as  in  the  annexed  dedgn  "  {fy.  993. ),  "  which,  as 
the  mouldinB  can  be  seen  in  front  only,  will 
occasion  no  £sagr«eab1e  effect." 

867S.  "  The  same  difficulty  lubnsts  with  re- 
gard to  the  paoage  of  the  oiolo  behind  the  an- 
gular Ionic  Tolutei.  Le  Derc 
to  open  or  spread  tbe  volutes  sufficiently  to  leave 
room  for  (he  ovolo  to  psss  behind  them,  as  in 
the  design'  (Jig.  924.)"  annesed;  which  may 
be  cosily  done,  if  tbe  projection  of  the  ovolo  is 
dimioiihed.  Iniga  Jon^s  has  in  the  Banqueting 
House  made  the  two  sides  of  the  volutes  parallel 
to  each  other,  according  to  Scamoni's  manner, 
and  at  the  same  time  has  continued  tbe  ovolo 
in  a  straight  line  under  them,  »  that  tbe  volutes 
bate  an  enormous  projection  :  which,  added  to 
tbe  other  bults  of  these  capitals,  renders  the 
whole  DomposLtion  unusually  defective  and  ex- 
eeedingly  ugly." 

SS79.  "  What  lias  been  ssld  with  r^ard  to  the  passage  of  the  oiolo  behind  the  volute* 
in  the  loaie  order  is  likewise  to  be  remembered  in  the  Composite ;   and  in  the   Corin- 
thian the  lip  or  edge  of  the  vase  or  luiskel  may  be  hcnt  a  little  inwards  towards  iti  eX' 
tremiliei,    by  which   means   it  will  casJy  pass 
behind  the  volutes.      The   leaves  in  the  Corin- 
thian and  Composite  capitals  must  not  project 
beyond  the  top  of  the  shaft,  as  they  do  al   " 
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queting House,  Whitehali ;  hut  the  diameter  of 
the  capital  must  be  exactly  the  same  M  tiiat  of 
the  top  of  the  shaft  And  to  make  out  the 
(hlcknesi  of  the  small  bottom  leaves,  their  edges 
may  be  bent  a  trifle  outwards,  and  the  large 
angular  leaves  may  be  directed  inwards  in  their 
■pprooch  towards  them,  as  in  the  annexed  de- 
ugn'(/y.  935.),  "and  as  they  are  executed  in 
the  church  of  ^e  Roman  college  at  Rome. 
When  -tbe  small  leaves  have  a  considerable 
thlcknes*,  though  tbe  diameter  of  tbe  capital  is 
exactly  the  same  as  that  of  the  shaft,  in  each 
fhmt  of  the  Composite  or  Corinthian  pilaster 
eapiial,  there  must  lie  two  sntill  leaves  with 
one  entire  and  two  half  large  ones.  Tliey  must 
be  either  of  olive,  acanthus,  parsley,  or  laurel, 
maiaed,  divided,  and  wrought,  in  the  same 
manner  as  thoae  of  the  columns  are,  the  only 
difference  being  thai  they  will  be  somewhat  bnioder,' 

SCBO.  It  is  desirable  lo  avoid  the  use  of  pilasters  at  inward  angles  penetrating  eacli 
other,  because  of  the  irri^ularity  such  practice  produces  in  tbe  entablatures  and  capitala 
One  break  is  quite  as  much  as  should  be  ever  tolerated,  though  in  many  of  the  churches  ir 
D — e  "'«y_»^  multiplied  with  great  profusion  of  mutilated  capitals  and  entablsturas ; 
....■.».  «.       .  "  nothing  can  be  more  eonfuaod  or  disagreeable. " 


,"  obaerves  Chambers,  " 
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8S81.  Neither  ibould  o<duiiiiu  be  alloval  to  pCDetrftte  trnub  otbcTt  ■*  Um;  da  in  Um 
eouit  oftha  Louvrt,  iiuBnuch  u  tbc  wine  irregularity  ii  ioduoed  bjr  it  at  wt  Iutb  abooc 
Dotieed  in  the  oan  of  pilutsn. 


26S2.  The  ori^n  of  cmrjetid^  ve  have  in  the  Flnt  Book  ^IGStetaeq-^  mo  frr  at  regards 
our  awn  opinioni,  eiplaioed,  and  in  that  reapect  we  iball  Dot  trouble  the  reader.  Our  object 
in  Ihisieetion  ii  merelj  to  offer  MiiDe  obKrratioiu  on  the  UK  of  them  in  modem  practimt 
Hie  figure*  denominated  Peniuu.  AtUntea,  and  the  liLe,  are  in  the  nine  cat^orj,  and  we 
•hall  not  therefore  nop  to  inquire  into  their  reipectiie  mtrili;  indeed,  that  has  alrnd;  been 
■ufficiend;  done  in  the  book  aboie  alluded  to.  The  writer  of  the  article  in  the  Sa. 
^tb^atim  Mtt^odiqtu  haa.  we  think,  thrown  away  a  *ait  deal  of  elegant  writing  on  the  lub. 
Ject  of  caryalidei ;  and  unng,  aa  we  hare  done,  to  aoRie  eiteni,  that  eitreordiDar;  work, 
we  think  it  iiui— rj  to  laj  that  we  cannot  recxHninead  anything  belonging  to  that  article 
to  the  notiua  of  the  reader,  except  what  ia  contained  in  the  latter  part  of  it,  and  with  that 
we  do  not  altogether  agree. 

S683.  The  object,  or  apparent  object,  in  the  uae  of  earyatide*  ii  br  the  piupaae  of  nipport. 
There  ii  no  caae  in  which  (hia  cannot  be  belter  aecompliihed  by  a  ulid  lupport,  «ueh  as  a 
column,  the  UN  of  the  atlie  order,  or  aome  other  equiiilent  meam.     But  the  rarietf  in 

3ue«  of  which  the  eye  ia  alwayi  in  Hanh,  and  the  picturvaque  eSect  which  may  be  in- 
ueed  by  the  employment  of  caryatidea,  leada  oflen  to  their  itecenaiy  employmoit.  The 
plain  truth  ia,  that  they  are  admiinble  only  as  objecti  neceaaary  for  an  extreme  degree  at 
decoratioD,  and  otherwiae  employed  are  not  to  be  tolerated.  There  can,  ai  we  imagine, 
be  no  doubt  that  the  moat  tueceaifiil  application  of  theae  figurea  at  nipports  waa  by  Jean 
Oougcon  in  the  LouTre ;  aa  waa  the  most  unfortunate  in  the  uae  of  ihnn  in  a  church 
in  the  New  Road,  which  at  the  time  of  ita  erecdon  wai  much  lauded,  but  which  we  hope 
will  nerer  be  imitated  by  any  British  architect. 

96B4.  As  to  the  use  of  what  are  called  Persians  or  male  figurea,  originally  in  Persian 
dresses,  to  designate,  ai  VitruTiui  tell*  ui,  the  victory  orer  their  country  by  the  Greeks,  the 
ohaervatiiHu  above  made  ojually  apply,  and  in  the  present  day  their  application  will  not 
bear  a  moment'!  luipense  in  conai  deration. 

26BS.  We  have  been  much  amused  with  the  gravity  wherewith  Sii  William  Chamber^ 
not  with  his  usual  sound  sense,  treats  the  cUima  of  the  penunages  whose  merits  we  are  dis- 
cussing :  he  says, "  Male  Agures  may  be  introduced  with  propriety  in  arsenals  or  galleries  of 
armour,  in  guard-rooms  and  other  military  places,  where  they  aliould  represent  the  figure! 
of  captives,  or  else  of  martial  virtue* ;  such  as  itrenglh,  valour,  wisdom,  prudence,  fortitude, 
and  the  like."  He  writes  more  like  himself  when  he  says,  "  TTiere  arc  few  nobler  thoughts 
in  the  remains  of  antiquity  than  Inign  Jones'*  oourt"  (in  the  deaign  for  the  great  palace  at 
Whitehall),  ■'  the  eSect  of  which,  if  properly  executed,  would  have  been  surprising  and 
great  in  thehigheat  degree."    (Seejl;.  SOT.) 

Sfi86.  What  i*  called  a  Urmatut,  which  is,  in  &ct,  nothing  more  than  a  portion  of  an 
inverted  obelisk,  we  shall  not  obwrve  upon  further  than  to  my  th^it  it  is  a  form,  a*  appUed 
to  architecture,  held  in  abhorrence.  For  the  purpose,  when  detached  and  isolated,  of  sup. 
porting  busts  in  gardena,  it  may  perhaps  be  occaflonally  tolerated ;  further  we  have  no- 
thing to  aay  in  its  bvour.  Those  who  seek  Ibr  additional  instruction  on  what  are  called 
termini,  may  find  aome  acoount  of  them,  aa  the  boundary  posts  of  land  among  the  Romans, 
in  book*  relating  to  the  antiquities  of  that  people. 

36fl7.  We  shall  now  proceed  to  submit  tome  examplee  of  caryatides  for  the  uae  of  thoaa 
whose  detigni  requit«  their  employment.     Fig.  996.  is  from  a  model  of  Miehtel  Angela 
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BnoiuToIti,  anil  ia  aitracted  from  the  TVuHk  «  Cietl  ArtAilnchtrt,  by  Sir  WUlum 
Chambers,  H  ue  the  succeeding  exuoples. 

96BB.  Figi.  9S7.  and  9SB,  an  tita  dengns  b7  Michael  Angelo,  whieh,  though  not 
disgned  for  a  building,  >»  well  adapted  for  the  purpose  under  certain  eonditioru. 

SG89.  f^g-  SS9.  is  the  deugn  of  Andrea  Biffi,  a  sculptor  of  Milan,  in  the  eatbedral  of 
which  citj  it  ia  one  <f  the  Ggurea  surrounding  the  cboir.  The  statue  possesaea  much  grace, 
■nd  was  admirablT  suited  to  the  eUflse  wherein  it  vaa  employed. 

9690.  f^.  990.  cornea  from  HoU«od.  haTing  been  eieeuted  b^  Artui  Quellinus  in  the 
judgmeat-ball  of  the  SUdtbouae  at  Amaterdam. 


rii.HD.  ni.tii.  n(.sn  f«.u\  rii.tH. 

9691.    Hg.  931 .  i*  bf  Michael  Angelo,  and  ii  at  the  VilU  Ludoviii  at  Rome. 

9693.  Ftp.  933.  a  from  the  deaign  by  the  laat-named  master  for  the  monument  of  Pope 
Juliua,  wb^eof  we  haTe  bad  oocaaion  already  to  nuke  mention  in  the  Flist  Book  of  this 
work.  <369.) 

2693'  F^g.  933-  ia  a  reprcaentalion  of  one  of  the  celebrated  caiyatidea  hy  Jean  Gougeon 
in  the  Swiaa  guard-room  of  the  old  Louvre  at  Paris,  and  does  not  di^aerve  leaa  admira- 
tion than  it  baa  received.  The  scale  on  which  this  and  the  preceding  figures  are  given 
does  001  admit  of  >o  good  a  representation  us  we  could  wish. 

9G94.  FJg.  934.  ii  from  the  arch  of  the  goldsmiths  at  Rome,  being  thereon  in  basso 
lilievo.  but  considered  by  Chambers  as  well  as  ourselves  ■  suitable  hint  for  carrying  out 
the  purpooe  of  this  section. 


9695.  A  baluster  ia  a  species  of  column  used  as  an  ornamental  railing  in  froat  of 
windows,  or  in  arcades,  or  on  the  summit  of  a  building,  whose  professed  object  ii  the 
protection  of  ita  inbabitanta  fiom  accidents:  analogously,  too,  it  consists  of  a  capital,  shaft. 

3696.  The  baluatCT  ia  not  bund  in  (be  works  of  the  aneieats,  and  we  believe  it  owed 
its  introduction  in  arcbitecture  to  the  reatoicrs  of  the  arta  in  Italy,  in  which  country  a  vast 
variety  of  eawnplea  are  to  be  found.  They  made  their  first  appearance  in  the  ftmn  of 
stunted  eolumna.  not  unfrequently  surmounted  by  a  olumiily-aluiped  Ionic  capital.      The 

balaiutimmr  or  the  Greek  Ba^m/vrwr,  the  flower  of  the  wild  pomegranate,  to  which  in  form 
the  architectural  baluster  is  said  by  aome  to  bear  a  reaemblAnce.  Ilic  writer  in  tat 
MitetfdoptdU  Mtthodiqut  has  tak«i  the  opportunity,  in  the  article  ^  Balustre."  of  launching  hia 
■natbama  agunst  the  use  of  it.  but  we  by  no  means  agree  with  him ;  and  instead  of  '■■^'■"g 
it,  aa  he  does,  "  m*  isDn/ua  jHoquint,'  we  incline  to  think  tliiit  it  was  almost  the  only 
uivention  of  the  modern  architects  that  deaervea  our  admiration,  ll  is  true  that  the  form 
baa  been  ^used  in  every  poanblo  shape ;  but  we  aie  not,  in  art  more  than  m  morals,  to 
arrive  at  the  conclusion  that  anything  is  bod  because  it  has  been  abused  and  iniaapplied. 
Such,  then,  being  the  cose,  we  shall  proceed  in  a  serious  vein  to  oonaider  its  proportions, 
founded  on  the  best  einmplei  Ibat  have  come  to  our  hands.  We  must  first  premise  witb 
J.  F.  Bloudel,  that  baluBIen  and  balualrades,  which  last  are  a  series  of  the  first,  should  in 
form  and  arrangement  partake  of  the  character  of  the  edifice.  Tbey  have  even  been  in 
tbur  species  >o  subdivided  a*  to  be  arranged  under  as  many  classifications  as  the  order* 
themselTcs,  a  distinct  sort  having  been  aangned  for  employment  with  each  order.  We  are 
not  quite  certain  that  such  an  arrangement  ia  neoeasary.  but  are  rather  inclined  to  think  it 
bociful  -.  though  we  are  quite  willing  to  allow  that  wbete  the  lighter  ordera  are  ompLayed. 
3B  a 
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the  baluitndm  to  be  uxd  oier  Ibcm  *t«  Biieeptible  of  *  more  minute  uid  li^rtcr  anb- 
diiiuon  of  their  puti. 

S69T.  The  gciMral  rula  to  be  obHrved  in  the  lue  of  the  beluUndc  «T«,  that  iti  balualcn 
be  of  an  odd  number,  and  that  the  dlitance  twtween  them  ihould  be  equal  to  half  dleir 
largei  diameter,  from  which  will  recult  an  equality  between  the  open  and  solid  ^lacea.  BIod. 
del  diiapproTei  o(»  halfbaluiter  on  the  flulki  oft  tubdiiiaian  of  a  baluMnde:  in  this  vc 
diHentfnim  him,  and  would  alwajFi  recDinmend  its  adopUoD  if  poauble.  In  reelect  afthe 
detailed  proportiona  of  the  balualen  themaelvn,  we  ate  to  recollect  that  the  aubdinnoos 
are  of  the  capita],  the  ihalt  or  raw  of  the  baliuter,  and  Ita  bftae.  For  pn^taniaointf  tbo* 
to  ooe  anoihec.  Chambera  (and  we  think  the  ptoportioni  be  uses  not  inel^ani)  diitdes  the 
whole  given  heiglit  into  thirteen  equal  parta,  wheieof  the  height  of  the  baluMer  ia  cigbt, 
that  of  the  ba«  three,  and  of  the  cornice  or  rail  two.  If  the  biilusler  ii  required  to  be  leas, 
he  dividei  the  height  into  fourteen  parta,  giving  eight  to  the  baluiter,  four  to  the  base,  and 
two  to  the  rail.  He  calli  one  of  theaepariB  a  module  for  the  measurement  of  the  rest,  mnd 
that  meaaure  we  think  convenient  for  uloption  in  thii  work.      The  module  he  dividea  into 

3698.  Boluiten  intended  for  real  uae  in  a  building,  as  thoae  employed  on  Kept  or  Mmirm, 
or  before  windowa,  or  to  encluae  terracea,  should  nut  be  leia  than  three  feet  in  height,  nor 
more  than  three  feet  >ii  incben ;  that  ia,  aufflciently  high  to  give  aecurity  to  the  persona  luing 
them  ;  but  when  merely  used  as  ornamental  appendages,  as  in  crowning  a  buUding,  tfa«J 
should  bear  aome  proportion,  to  the  parts  of  the  builiUng.  Chambers  says  that  their  height 
neier  ought  to  exceed  four  fifths  of  (lie  height  of  the  entablature  oD  which  they  mn  plaeexL 
nor  should  it  ever  be  leas  than  two  thirds,  without  counting  the  ■oeculo  or  plinth,  the  height 
of  which  must  be  sufiiirient  to  leave  the  whole  balustrade  eipose<i  to  view  from  the  best  point 
of  sight  for  viewing  the  building.  We  can  scarcely  admit  the&e  rules  to  past  without  noting 
the  example*  in  I'alladio's  works,  which  give  h  much  greater  latitude  fcr  variety.  When 
balusters  (ill  in  between  the  pedeststa,  as  m  the  fafade  of  the  Palace  Chiericato  at  Vlcenza, 
the  balustrade's  height  is  of  course  regulated  by  that  of  the  pedestal  ilaelf;  but  in  the 
court  of  the  Forti  palace  the  crowning  balustrade  is  not  higher  than  the  cornice  of  tbc 
entablature  on  which  it  stands.  The  tame  proportion  Is  observed  in  the  atrium  of  tbe 
Cariti  at  Venice.  In  the  Valmarana  palace  the  height  of  the  balustrade  is  equal  to  that 
of  the  entablature  of  the  amatl  order.  It  is  true  that  in  a  few  instances  this  master  made 
the  height  of  the  balustrade  equal  to  that  of  the  whole  entablature,  and  Inigo  Jones  baa  in 
some  jnstancea  followed  his  ciample  {  but  this  was  not  the  general  practice  either  of  tha 
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• 

Menbort. 

Helghto  Id 

ParUoTa 

Module. 

Projections  In 
ParUofa 

Module  fkt>in 
Centre  of 
Baluster. 

Rail, 
8  modules. 

Baluster, 
8  modules. 

Pedestal, 
3  modules. 

raiet         -          -          -          - 

Corona          .... 
Quarter  round           ... 
FiUet            .            .            -            - 

'  Abacus         .... 
Cyina  revena            ... 
Neck             .... 
Astragali 
FUlet       f     " 

Centre  of  belly           ... 
From  same  to  astragal 
Astragali 
FiUct      J    ' 

Inverted  cyma           ... 
Plinth           -            .            .            . 

Inverted  cavetto        ... 
Fillet            .... 
Astragal        .... 
Plinth           .             .             -             - 

S 

H 

4 
S 

H 

27 
9 

5 

2 

5 

15 

27) 
24i 

"J 

13 

lO^fiUet 

IS 

24 

w 

2700.   In^^.  936.  is  given  the  ibrm  of  a  baluster  suited  to  the  Doric  and  Ionic  orders,  of 
which  also  Uie  table  of  dimensions  u  subjoined :  -— 


Rail, 
2  modules. 


Baluster, 
8  modules^ 


Pedestal, 
3  modules. 


Members* 


FiUet 

Cyma  reversa 

Corona 

Quarter  round 

FiUet 

Abacus 

Echinus 

Fillet 

Neck 

Astragal  1 

Fillet       J     ■ 

Centre  of  belly 

From  same  to  astragal 

Astragal 

Fillet 

Inverted  cavetto 

FiUet 

PUnth 

FiUet 

Inverted  ogee 
Fillet 
Astragal 
Plinth 


Helghto  in 
Parts  of  a 

Module. 


2 

81 

7 

4 

H 
1 

5 


27 
9 
2 
1 
6 
21 

n 

H 

s 

n 

H 

15 


Projections  in 
Partoofa 

Module  from 
Centre  of 
Baluster. 


27 
22 

11 
5 
12i 


10  (upper  part] 


23| 


2701 .  A  suitable  baluster  for  the  Corinthian  or  Componte  order  is  exhibited  in  Jig.  937., 
whereof  the  measures  are  as  follow  i  — 

S  B  S 
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Fn4«:Cions  tn 

Hdfhcsin 

Parts  ofa 

Msinbon. 

Parti  of  a 

Module  from 

Modnltf. 

Centre  of 

Baloater. 

RUet            -            .            .            . 

11 

261 

Echinus        .... 

n 

Rail, 
2  modi^es. 

RUet            .... 

1 

Corona          .... 

61 

211 

Cyma  rerersa            ... 

H 

Astragal  \ 
RUet       J    " 

n 

Abacus         .... 

5 

101 

Echinus        .... 

3 

RUet     \ 

CavettoJ       -            -            -             - 

«J 

Neck            .... 

5 

4f 

Astragal  1 
RUet       J    " 

n 

Baluster, 
8  modules. 

Centre  of  belly          .            .            . 
From  same  to  astragal 

27 
9 

12 

Astragal 
RUa      J    ' 

2| 

Scotia            .... 

4| 

4)  (at  top) 

Fillet            .... 

1 

Astragal       .... 

n 

Plinth           .... 

» 

6 

12 

RUet       1    ^ 
Astragal  J    " 

H 

Pedestal, 

Inverted  cyma  recta  ... 

41 

3  modules. 

RUet            .... 

1 

Astragal       .... 

4 

[Plinth           -             -             -             - 

15 

23 

2702.   The  Tuscan  baluster  (Jig.  938.)  is  suitable  for  tenraees  and  basements :  its  rail 


Pig.  938.  FI||.9aB.  Fig.  940.  rig.  941.  Vlg.  94t.  F%.  9iS. 

and  pedestal  may  be  the  same  height  as  in  the  Jig,  935.     Its  principal  measures  being 
foUow :  -^ 


Members 

Heights  in 

Pans  ofa 

Module. 

ProJ«oUansfai 
Parts  ofa 

Module  from 
Centre  of 
Baloster. 

Baluster 
5  modules. 

Abacus         .... 

Neck  1 

FUlaJ         -            -            .            - 

[at  top       ]       - 
Rustic  belly  {                         .            . 

[at  bottomj 
Bottom  of  belly 
RUet                  J      " 
Inverted  cavetto  and  6Uet     - 
PUnth           .             -             .             . 

3 

9 

4 

w                                m 

27 

m                               m 

9| 

3 
3* 

6 

{      ' 

n 

s 
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Other  fbrms  of  Tuscan  balusters  are  given  in  Jigt.  999.  and  94a,  but  it  is  not  ne- 
cessary  to  give  the  detail  of  the  parts,  as  the  proportions  are  sufficiently  preserved  in  the 
figures. 

S703.  The  double-bellied  baluster  is  used  in  situations  where  greater  lightness  is 
required  firom  the  smallness  of  the  parts  and  the  delicacy  of  the  profiles.  The  proportions 
for  the  bases  and  rails  need  not  vary  firom  those  already  given.  Perhaps  they  need  not  be 
quite  so  large. 

2704.  Fig,  941.  is  an  example  of  a  double-bellied  baluster,  suitable  to  the  Doric  order. 
Its  parts  are  as  follow :  — 


McBiben. 

Helghto  in 

Parte  of  a 

Modulo. 

Projectlona  in 
Part*  of  a 

Module  fVom 
Centre  of 
Baluster. 

Baluster, 
8  modules 

'  Abacus         -            - 
Echinus  1 
FUlct      /     " 

Upper  part  .... 

Middle  part .... 

Lower  part  .... 

RUet            .       1     . 
Inverted  echinus.       ' 
Plinth           -            -            .            . 

34} 

8 

r4neck 
l8beUy 

6  centre 
(8  belly 

.4  neck 

8 

27Q5.   In^.  942.  we  give  an  example  of  the  double-beUied  baluster  fat  the  Ionic  order, 
and  its  measures  are  subjoined :  — 


Members. 

•• 

Helghto  in 

Parts  of  a 

Module. 

Projections  in 
Palis  of  a 

Module  from 
Centre  of 
Baluster. 

Baluster, 
10  modules. 

'  Abacus         .... 
Fillet  and  cyma  reversa 

Upper  part  ...            - 

Middle  part .... 

Lower  part  -            -            -            - 

Inverted  cyma  and  fillet 

Plinth           .            .            .            . 

9 
301 

9 

\4\  neck 
l9   belly 
7^  centre 
r9   beUy 
144  neck 

9 

2709.  The  last  example  we  shaU  give  of  the  double-bellied  bahister  (Jig.  943.)  is  suit- 
able to  the  Corinthian  order.     The  measures  are  as  foUow :  -.- 


Members. 

Hdghto  in 
Parts  of  a 
Module. 

Prqfectioos  in 
Parts  of  a 

Module  from 
Centre  of 
Baluster. 

Baluster, 
12  modules.      1 

'  Abacus         -            -            -            - 
Echinus  and  fillet     .            .            « 
Neck            .... 
Astragal  and  fillet    ... 

Upper  part  .... 

Middle         .... 

Lower  part  .... 

FiUet  and  astragal    .            .            - 
Neck            ...            - 

FUlet  and  inverted  echinus   - 
PUnth          .            -            .            - 

• 

5 
4 

H 

29 

29 
34 

4 
5 

11 

r  5)  at  top 
111   at  belly 

ril  at  belly 
I  54atbottoml 

11 
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S707.  We  do  not  deem  it  neccflHury  to  give  any  examplet  of  the  seroU  and  Guiloebe 
bftltuiradea,  which  were  so  much  in  vogue  during  the  reigns  of  Louis  XIV.  end 
Louis  XV.,  though  the  present  taste  seems  almost  to  reouire  it.  As  that  taste  haa  been 
mainly  generated  by  house  decorators,  as  they  are  oalleo,  and  upholsterers,  these  gentry 
will  soon  find  out  another  means  of  amusing  tiie  public,  1^  drivinff  them  out  of  fiuhion 
and  finding  all  that  is  beautiAil  in  some  renorated  and  equal  absurdities. 

9706.  We  have  already  obeerred  that  the  intenrals  between  balusters  should  not  be  more 
than  half  the  diameter  of  the  baluster  at  its  thickest  part ;  to  this  we  may  here  add,  that 
they  should  not  be  less  than  one  third  of  that  diameter.  Tlie  pedestals  fi>r  supporting  the 
rail  ought  neither  to  be  too  ftequent  nor  too  fiur  apart ;  for  in  the  first  case  they  impart  a 
heavy  appearance  to  the  work,  and  in  the  last  the  work  will  seem  weak.  Seven  or  nine 
balusteis  are  good  numbers  for  a  group,  besides  the  two  half  ones  engaged  in  the  pedestals. 
The  disposition,  however,  and  number  of  the  pedestals  depend  on  the  places  below  of  the 
piers,  columns,  or  pilasters,  for  over  these  a  pedestal  must  stand ;  and  when,  therefore,  it 
happens  that  the  intervals  are  greater  than  are  required  for  the  reception  of  nine  balusters, 
the  distance  may  contain  two  or  three  groups  each,  flanked  with  half  balusters,  and  the 
width  of  the  dies  separating  the  groups  may  be  from  two  thirds  to  three  quarters  the  width 
of  the  principal  pedestals.  The  rail  and  base  should  not  be  broken  by  projections,  but 
run  in  unbroken  lines  between  the  pedestals. 

2709.  When  the  principal  pedestals  stand  over  columns  or  pilasters,  their  dies  should  not 
l>e  made  wider  than  the  top  of  the  diafts,  and  on  no  account  narrower ; 
indeed,  it  is  better  to  flank  them  on  each  side  when  the  ranges  are  long 
with  half  dies,  and  give  a  small  projection  to  the  central  pedestal,  and 
to  let  the  base  and  rail  follow  the  projection  in  their  profiles.  This 
practice  will  give  real  ax  well  as  apparent  solidity  to  the  balustrade. 

27 1 0.  Fiy.  944.  shows  the  application  of  a  balustrade  to  a  portion 
of  a  staircase,  and  herein  the  same  proportions  are  irfwerved  as  on 
level  ranges.  Some  masters  have  made  the  mouldings  of  the  different 
members  of  the  baluster,  follow  the  rake  or  inclination  of  the  steps; 
but  the  practice  is  vicious :  they  should  preserve  their  horizontality,  as 
exhibited  in  the  figure,  in  which,  at  A  and  B,  is  also  shown  the  me- 
thod in  which  the  horisontai  are  joined  to  the  inclined  mouldings 
of  the  base  and  rail.  In  the  balustrades  of  stairs  the  spaces  between 
the  balusters  are  usually  made  narrower  than  they  are  on  level  beds ; 
and  I/C  Clerc  recommends  that  the  height  of  the  plinth  should  be 
equal  to  that  of  the  steps ;  but  this  is  not  absolutely  required,  thou^ 
it  must  on  no  account  be  less. 

27 1 1 .  The  bulbs  or  bellies  of  balusters  and  their  mouldings  may  be 
carved  and  otherwise  enriched:  indeed,  in  highly  decorated  interiors,    '^    ^"'wCtw^ 
this  seems  requisite. 

2712-  The  following  observations  as  to  the  height  of  statues  placed  upon  balustrades 
are  from  Sir  William  Chambers :  —  **  When  statues  are  placed  upon  a  balustrade  their 
height  should  not  exceed  one  quarter  of  the  column  and  entablature  on  which  the  balus> 
trade  stands.  Their  attitudes  must  be  upright,  or,  if  anything,  bending  a  little  forwards, 
but  never  inclined  to  either  side.  Their  legs  must  be  close  to  each  other,  and  the  draperies 
close  to  their  bodies,  for  whenever  they  stand  straddling  with  bodies  tortiwed  into  a  variety 
of  bends,  and  draperies  waving  in  the  wind,  as  those  placed  on  the  colonnades  of  St. 
Peter's,  they  have  a  most  disagreeable  effect,  especially  at  a  distance,  firom  whence  they 
appear  like  lumps  of  unformed  materials,  ready  to  drop  upon  the  heads  of  passengers. 
The  three  figures  placed  on  the  pediment  of  Lord  S|pencer*s  house,  in  the  Green  Park, 
which  were  executed  by  the  Isfte  ingenious  Mr.  Spang,  are  well  composed  for  the  purpose.** 

27 If).  **  The  heights  of  vases  placed  upon  balustrades  should  not  exceed  two  thirds  of 
the  height  given  to  statues,^  says  the  same  author.  We  are  not  altogether  averse  to  the 
application  of  either  statues  or  vases  in  the  predicated  situationa,  but  we  think  the  greatest 
discretion  is  required  in  their  employmenL  When  it  is  neoesaary  to  attract  the  eye  from 
an  indispensably  obtrusive  roof,  tiiey  are  of  great  value  in  the  oompositicm ;  but  we  atM^H 
not  further  enter  on  this  point  of  controversy,  for  such  it  is,  inasmuch  as  many  object  to 
their  use  altogether,  and  have  considerable  reason  on  their  side.  We  must,  however,  briefly 
state  the  ground  of  objection,  and  Chambers*s  answer  as  respects  statues.  There  are,  he 
says,  some  **  who  totally  r^ect  the  practice  of  placing  statues  on  the  outsides  of  buildings, 
founding  their  doctrine,  probably,  upon  a  remark  which  I  have  somewhere  met  with  in  a 
French  author,  importing  that  neither  men,  nor  even  angels  or  demi-gods,  could  stand  in 
aU  weathers  upon  Uie  tops  of  houses  or  churches.** 

2714.  **  The  observation  is  wise,  no  doubt,**  (we  doubt  the  wisdom  of  it,)  '*yet,  as  a 
piece  of  marble  or  stone  is  not  likely  to  be  mistaken  for  a  live  demi-god,  and  as  statues, 
when  properly  introduced,  are  by  fietr  the  most  gracefol  terminations  of  a  composition,  one 
of  the  most  abundant  sources  of  varied  entertainment,  and  amongst  the  richest,  most 
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durable,  and  elegant  ornaments  of  a  ttnicture,  it  may  be  hoped  they  will  still  continue  to 
be  tolerated."  We  fear  that  if  the  only  reasons  for  their  toleration  were  those  assigned  by 
the  author,  their  doom  would  soon  be  sealed. 


Sect.  XVII. 


nEDIMElfTS. 


2715.  A  pediment,  whoae  etymolo^  is  not  quite  clear,  but  which  in  the  glossary 
appended  has  been  coigectured,  consists  of  a  portion  of  the  horizontal  cornice  of  the 
building  to  which  it  is  applied,  meeting  two  entire  continued  raking  cornices,  and  enclosing 
by  the  three  boundaries  a  space  which  is  usiudly  plain,  called  the  tympanum.  It  is  not, 
howeror,  necessary  that  the  upper  cornice  should  be  rectilinear,  inasmuch  as  the  cornice 
is  sometimes  formed  by  the  segment  of  a  circle.  The  arrangement  in  question  was  the 
Roman /cisCij^tna,  and  is  the  French  /ronton.  Tlie  Greeks  called  pediments  oeroi,  or  eagles ; 
why,  this  is  not  the  place  to  inquire.  The  origin  of  the  pediment,  according  to  authors, 
seems  to  have  arisen  from  the  inclined  ades  oJP  the  primitive  hut.  This  is  a  subject, 
however,  which  in  the  First  Book  (subsec.  5.)  has  been  already  considered,  and  we  shall 
therefore  in  this  section  confine  ourselves  to  its  employment  in  the  architecture  of  the  day. 

2716.  Of  the  varied  forms  which,  by  masters  even  of  acknowledged  talent,  have  been 
given  to  the  pediment,  whether  polygonal,  with  curves  of  contrary  flexure,  with  mixed 
forms,  broken  in  the  horizontal  part  of  the  cornice  or  in  the  raking  parts  of  it,  or  reversed 
in  its  office  with  two  springing  inclined  sides  from  the  centre,  we  propose  to  say  no  more 
than  that  they  are  such  abuses  of  all  rules  of  propriety,  that  we  shall  not  fturther  notice 
them  than  by  observing  that  in  regular  architecture  no  practice  is  to  be  tolerated  where 
the  pediment  is  composed  otherwise  than  of  two  raking  unbroken  and  one  horizontal 
unbroken  cornice,  or  of  the  latter  and  one  continued  flexure  of  curved  line.  To  these 
only,^therefore,  we  now  apply  ourselves. 

27 1 7.  Generally,  except  for  windows  and  doors,  the  pediment  ought  not  to  be  used, 
except  for  a  termination  of  the  whole  composition ;  and  though  examples  are  to  be  found 
without  number  in  which  an  opposite  practice  has  obtained,  the  reader,  on  reflection,  will 
be  convinced  of  the  impropriety  of  it,  if  there  be  the  smallest  foundation  for  its  origin  in 
the  termination  of  the  slant  sides  of  the  hut. 

2718.  The  use  of  the  pediment  in  the  interior  of  a  building  is,  perhi^  very  questionable, 
though  the  greatest  masters  have  used  it.  We  think  it  altogether  unnecessary ;  if  the 
pyramidal  form  b  desirable  for  any  particular  combination  of  lines,  it  may  be  obtained  by 
a  vast  number  of  other  means  than  that  of  the  introduction  of  the  pediment.  Hence  we 
are  of  opinion  that  the  attempted  apology  for  them  in  iKr  William  Chambers^  work,  is  alto- 
gether weak  and  unworthy  of  him,  and  only  to  be  explained  by  that  master^s  own  practice. 

2719.  Yitruvius  ordains  that  neither  the  modillions  nor  dentils  which  are  used  in  the 
horizontal  cornice  should  be  used  in  the  sloping  cornices  of  a  pediment,  inasmuch  as  they 
represent  parts  in  a  roof  which  could  not  appear  in  that  position :  and  the  remains 
generally  of  antiquity  seem  to  bear  him  out  in  the  assertion ;  but  the  Roman  remains  seem 
to  bear  a  different  testunony  to  the  validity  of  the  law,  and  to  our  own  eyes  the  trans- 
gression afifords  pleasure,  and  we  should  recommend  the  student  not  to  feel  himself  at  all 
bound  by  it ;  for,  as  Chambers  most  truly  observes,  **  The  disparity  of  figure  and  enrich- 
ment between  the  horisontal  and  inclined  cornices  are  such  defects  as  cannot  be  compen- 
sated by  any  degree  of  propriety  whatever,  and  ther^ore  to  me  it  appears  best,  in  imitation 
of  the  greatest  Roman  and  modem  architects,  always  to  make  the  two  cornices  of  the 
same  profile,  thus  cmnmitting  a  trifling  impropriety  to  avoid  a  very  considerable  deformity.'* 

2720.  Different  sized  pediments  in  the  same  fefade  are 
to  be  avoided ;  but  as  respects  their  forms  in  ranges  of 
windows  and  niches  a  pleasing  variety  is  often  obtainied  by 
making  them  altemat^y  curved  and  rectilinear,  as  in  the 
temple  at  Misraes  and  in  the  niches  of  the  Pantheon  at 
Rome. 

2721.  In  the  horizontal  part  of  a  cornice  under  a  pe- 
diment the  two  upper  mouldings  are  always  omitted,  and 
the  intersection  of  the  inclined  with  the  horizontal  lines, 
supposing  the  in<dined  members  of  the  comiee  to  be  of  the 
same  height  az  those  which  are  horizontal,  will  not  fiUl  into 
the  profile  (Jiff,  945.)  whereof  AB  and  BC  are  the  lead- 
ing lines.  To  obviate  this  inconvenience,  some  architects 
have  made  a  break  in  the  cymatium  and  fiUet,  as  shown  «^  ^^ 
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ID  the  figure.  But  this  is  a  bad  praotioe,  sud  to  it  we  prefer  Mther  making  the  eyma  and 
fillet  higher,  as  the  dotted  line  AD  indicates,  or  altogetlier  loirerinff  the  height  of  the  cynoia 
on  the  horisoncal  line.  If  the  inclined  oomioe  is  joined  on  each  side  by  horisontal  ones,  the 
best  expedient  is  to  give  only  such  small  projection  to  the  oyma  as  that  it  may  meet  the 
inclined  sides. 

S7S8.  The  heights  of  pediments  should  be  regulated  by  their  lengths,  independent  of  th« 
consideration  of  climate.  (See  Book  II.  Chi^.  III.  Sect  IV.  2037.)  Thus,  when  the  bue  of 
the  pediment  is  short,  the  height  of  the  pediment  may  be  greater ;  and  when  long,  it  should 
be  diminished ;  for  in  the  former  case  the  inclined  cornice  leaves  but  scanty  space  for  the 
tympanum,  and  in  the  latter  case  the  tympanum  will  appear  OTercharged.  From  one  fifth 
to  one  quarter  of  the  length  appears  to  have  been  agreed  on  as  the  limits ;  but  we  subjoin, 
from  a  work  by  Stanislas  L'Eveill^  (^Comgideraiion*  tur  le§  Fnmiamt,  4to.  Fisris,  1884),  the 
method  which  we  consider  the  best  for  determining  the  height  of  a  pediment,  observing,  by 
the  way,  that  a  strict  adherence  to  the  ordinary  rules  for  finding  the  height  may  produce 
the  absurdity  of  a  pediment  higher  than  the  columns  by  which  it  is  bome^  a  condition 
which  would  not  at  all  accord  with  the  view  we  have  taken  of  the  orders  in  Sect.  II. 


PiR.  M6. 


Chap.  I.  of  this  Book.  In  fig.  946.  we  have  a  synoptical  view  of  pediments  of  vartoiis 
extents,  and  as  the  letters  applied  to  the  central  pediment  will  apply  to  all  the  rest,  we 
shall  restrict  our  description  to  that.  Suppose  the  points  a  and  6  to  be  the  extremities 
of  the  fillet  of  the  corona,  llien,  with  a  radius  equal  to  ob,  from  the  points  a  and  h, 
describe  the  ares  ax,  bx,  and  from  their  intersection  x  with  the  same  radius  let  the  arc  ayh 
be  described.  From  y,  as  a  centre,  with  a  radius  equal  to  the  h^ht  of  the  horisontal 
part  of  the  cornice,  describe  the  portion  of  the  circle  fg,  and  from  a  and  h  draw  thereto 
tangents  intersecting  in  y.  Then  yb  and  ya  will  be  the  proper  inclination  of  the  fiUet  of 
the  corona  to  which  the  other  members  of  the  inclined  parts  will  necessarily  be  paralleL 

2723.  We  conclude  this  section  by  the  words  of  Chambers.  **  The  face  of  the  tympan 
is  always  placed  on  a  line  perpendicular  with  the  fiuw  of  the  frieze ;  and  whoi  large,  may 
be  adorned  with  sculpture,  representing  the  arms  or  cypher  of  the  owner,  trophies  ai 
various  kinds,  suited  to  the  nature  of  the  structure,  or  bas-reUefi^  representing  dither 
allegorical  or  historical  subjects ;  but  when  small  it  is  much  better  left  plain.** 
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2724.  In  many  cases  the  fit^es  of  buildings  are  erected  without  any  of  the  ordcn 
appearing  in  the  design,  other,  perhaps,  than  those  which  are  applied  as  the  dressings  of 
windows,  niches,  m  doors.  The  palaces  of  Florence  and  Rome  abound  with  such  examples, 
in  most  of  which  the  edifice  is  crowned  with  a  cornice,  which  adds  dignity  to  the  buikting, 
producing  a  play  of  light  and  shadow  about  it  of  the  utmost  importance  as  regards  its 
picturesque  effect.  The  modems  have  generally  failed  in  this  fine  feature  of  a  building, 
and  it  is  only  within  the  last  few  years,  in  this  country,  that  a  return  to  the  practice  of  the 
old  masters,  a  practice  properly  appreciated  by  Jones,  Wren,  Vsnbrugh,  and  Burlington, 
has  manifested  itself.  If  a  building  be  entirdy  denuded  of  pilasters  and  columns,  and 
there  are  very  few  common  instances  that  justify  their  introduction,  it  seems  rational  to 
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le  from  the  proporUon*  tint 
would  t»  eifen  to  it  if  ui  otder  interrened. 

£7S5.    It  we  comidEr  the  beight  of  the  cTowmng  comioe  of  a  building  in  thli  wmj,  md 
*s  the  poition  of  an  ctMabUture  wboK  hdght  it,  w  in  the  sue  of  tn  order,  one  fifth  of  that 
of  the  boilding,  we  should  immediately  obtain  a  good  proportioii  by  diTiding  the  wbole 
licighl   into  S5   part«  and  giving  two  of  them  to  ttie  beigbt  of  the  comiee.      For  the 
enUblatore  b^ng  one  Bftb  of  the  wbole   ■ 
height,  and  iu  geoeral  diTision  being  into   v} 
10  parts,  four  whereof  are  girea  to  the  j- 
coniiee,woha»eft>rit»heightthe  AofJ— A  B 
•  ^  or  the  twelfth  and  a  half  part  of  tbe  ■ 
total    height    of   the     building    -^  0-Q». 
Now    there   are    oiroumstances,   nicb   as 
when  the    piers  are   large,  and  in  other 
eases  when  the  puts  arc  not  very  fiill  in 
their  profiles,    which    nujr  justi^  a   de- 
parture  ftom  the  strict  application  of  this 
rule;    but   it  will  be   seen    that  in    the 
fbllowing  ten  well-known   examples   tbe 
practice  has  not  mueh  differed  ftom  the 
theory,  the  greatest  deriation  being  in  the 
celebrated  eomiee  of  the   Famese  palace, 
which  is  here   placed    iflg.  947.)    as  an 
extraordinary  work,  of  ait  in  connection 
with   the   building   it  eiowns.      The  ei- 
amples  alluded  to  are  as  follow,  and  we 
shall  begin   with  those   of   earlier    date, 
the  diminution  in  hraght  being  ahnoat  a  c 
exception  at  those  by  Falladio  :  — - 

In  the  Spannocchi  palsoe,  at  Sena,  the 
or*-^«I. 

In  the  Pioolomini  palace,  at  Siena,  the 
ori»-074. 

In  the  Pt^ana  palace,  buill  by  Palladio,  at  Pojana,  in 
is  ^  of  the  whole  height  of  building,  or -,1^—071. 

In  the  StroKxi  palace,  at  Florence^  the  eomiee  is  ^ 


:i  palaoe,  at  Florence^ 

or  A--069. 
In   the   PandolRni  palace, 

height  of  building,  a 
In  the  VdU  Moi 

or  A-  -069. 


•logical  table  of  thdr  erectiim,  with  flie 

.ce  is  il^  of  the  whole  height  of  building, 

ee  if  jjjg  of  the  whole  height  of  building, 

ne  territory,  the  eoToice 

^  of  tbe  whole  height  of  building, 

:e,  by   Raffiulle,  the  comiee  is  ^  of  the  whole 

[n  the  Villa  MoDtMGbio,liy  Palladio,  tbe  cornice  is  ^  of  the  whole  hdght  of  building, 

or  A-  -069. 
In  the  Villa  Caldogno,  by  Palladio,  the  cornice  is  ^  of  the  whole  height  of  building 

or  ^o -069. 
In  another  *llla  by  Palladio,  fbr  tbe  fiunily  of  Caldogno,  the  eomiee  is  ^^  of  the  «bol« 

height  of  building,  or  X  —  -066. 
In  the  Famese  palace,  at  Borne,  the  cornice  is  -^  of  the  whole  height  of  building,  oi  f, 

—  ■059. 
In  tbe  Gondi  palace,  at  Flora  -e,  the  conuce  it  ^  of  the  whole  height  of  building,  or  & 

From  these  eiamplei  it  appears  that  the  mean  height  of  the  comieet  under  conuderaUon 
i*  somethii^  more  than  one  fifteenth  of  tbe  height  of  the  building,  and  experience  shows 
that,  except  under  particular  cireumstances,  mudt  more 
than  that  is  too  greM,  and  much  less  too  little,  to  satisfy 
an  educated  eye.  The  gnee  beyond  the  reach  of  art 
ia,  if  we  may  use  an  Hibemicion,  in  the  power  of  few, 
but  tbe  bounds  bare  been  patted  with  tucoeat,  ai  it 
testified  in  the  Famese  palace.  It  may  be  objesled  to 
the  syttem  that  we  hare  generally  adoptad  in  thii  work, 
that  we  are  too  much  reducing  the  art  to  rule&  But 
thia  is  a  practice  of  which  the  punter  it  not  ashamed 
in  the  proportiont  of  the  human  figure,  and  we  must 
remind  our  reader  end  the  student  that  all  rules  are  more 
fin  the  purpose  of  restraining  eiooa  than  bounding  the 
flights  of  geniu& 

S7S6.  fig.  948.  it  an  entablature  by  Vignola,  which 
pBttBMct  great  beauty,  and  has  been  dlen  imitated  in 
Tariout  ways  fiir  crowning  a  building;  th it  must  be  eon-  T^Mt, 
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tidered  more  in  relation  to  a  building  than  a  mere  eomioe*  and  lequiirea  rustic  quoins,  if 
poosible,  at  the  angles  when  uaed.  Chambers,  speaking  of  thu  example,  lays,  that  "  when 
it  is  used  to  6nish  a  plain  building,  the  whole  height  is  found  by  dividing  the  height  of 
the  whole  front  into  eleven  parts,  one  of  which  must  be  given  to  the  entablature,  and  tbe 
remaining  ten  to  the  rest  of  the  front"  We  suspect  that  the  smaUneas  which  is  assigned 
by  this  author  to  its  height  has  been  induced  by  some  error,  and  that  a  better  rule  would 
be  induced  by  assigning  to  the  cornice  its  proper  height,  according  to  the  laws  above 
hinted  at,  and  proportioning  the  rest  of  the  entablature  fropi  the  cornice  thus  obtained. 


Fig.  951. 


ns.MO. 


FIS.Mt. 


9787.  In  fyM,  949,  950,  and  951.  are  given  three  examples  of  block  cornices  (the 
second  being  by  Palladio),  whose  proportions  the  figures  sufficiently  show  without  here 
giving  a  detail  of  their  parts.  The  height  of  ttther  should  not  he  less  than  one  fifteenth  of 
the  height  of  the  building. 


-rj^sKra^      t 


T 


U 


T 


\\ 


Flff.««t. 
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Fls.aAS. 


S7S8.  F%g%,  953.  and  953.  are  block  cornices,  which  we  have  adopted  from  Chambers, 
the  first  being  from  a  palace  at  Milan,  and  the  other,  by  Rafli^Ile,  in  a  house  in  the 
Lungara  at  Rome.  The  height  of  these,  says  the  author,  and  we  agree  with  him,  need 
not  exceed  one  sixteenth  part  of  the  whole  front,  nor  diould  either  be  less  than  one 
eighteenth.  F^.  954.  is  what  is  called  an  architrave  cornice,  which  was  frequently  employed 
by  the  old  masters.  It  seems  well  adapted  to  the  entablatures  of  columns  bearing  arches, 
being  rather  in  the  nature  of  an  impost ;  bat  it  is  useful,  changing  it  to  suit  the  order  in 
cases  where  the  height  does  not  admit  of  the  whole  of  the  entablature  being  used  over  the 
order. 


Sbct.  XIX. 


raOItLBS   Ot   DOOKSb 


S729.  One  of  our  objects  in  this  work  has  been  to  impress  throughout  on  the  minds  of 
our  readers  that  architecture  does  not  depend  on  arbitrary  laws;  and  though  we  may  not 
have  proved  satis&ctorily  to  the  student  that  the  precise  laws  have  been  exactly  stated,  we 
trust  we  have  exhibited  sufficient  to  show  and  convince  him  that  there  wto  a  method  and 
limit  in  the  works  of  the  ancients  which  in  the  best  times  prevented  the  artists  from  fidling 
on  either  side  into  excess. 

2730.  \nfig,  955.  we  give  a  door  with  its  architrave,  fiiese,  and  cornice,  vnthotft  re- 
lation to  mouldings,  but  merely  considered  in  the  nusses.  Its  proportions  oorre^Kmd 
with  those  most  usually  adopted ;  that  is,  its  height  u  twice  its  width,  the  entablature  is 
one  fourth  of  the  height  of  the  opening,  and  the  architraves  on  each  side,  together,  two 
sixths  of  the  width.  The  opening,  therefore,  measuring  it  in  terms  of  the  width  of  the 
architrave,  will  be  6  parts  wide  and  IS  high,  and  its  area  consequently  78  parts.     Now 
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it  will  be  found  that  the  solid  parts  of  this  are  exactly  on  their 
face  two  thirds  of  this  area ;  for  up  to  the  top  of  the  opening  each 
architrare  beinff  equal  to  12,  the  sum  will  be  34 ;  and  the  entabla- 
ture being  8  wide  and  3  (one  fourth  of  twelre)  high,  8  x  SaB24; 
which  added  to  S4  for  the  architraves  gives  48  for  the  solids,  and 
l|s],  as  above  stated,  llie  same  analogy  does  not  seem  to  hold 
in  respect  of  doors  and  windows,  of  making  the  voids  equal  to  the 
supports  and  weights,  as  in  interoolumntations ;  nor  indeed  ought 
we  to  expect  to  find  it,  for  tiie  conditions  are  totally  different, 
inasmuch  as  no  door  can  exist  except  in  a  wall,  whereas  the  offioe 
of  columns  is  connected  with  tiie  weight  above  only.  We  trust, 
therefore,  we  have  shown  enough  to  keep  the  reader's  mind  aUve 
to  some  such  law  as  above  developed,  without  inststtng  very  strongly 
on  a  minute  attention  to  it  in  detail. 

S7S 1 .  We  shall  now,  before  submitting  anv  examples  of  doorways  v^*  ^^' 

to  the  reader,  touch  upon  some  important  pomts  that  must  be  attended  to;  the  first  of  which 
is,  that  all  gates  and  doors,  independent  of  all  other  considerations,  must  be  of  sufficient  size 
for  convenient  passage  through  them.  Hence  internal  doors  must  never  be  reduced  under 
2  feet  9  or  10  inches,  and  their  height  must  not  be  under  6  feet  10  inches  or  7  feet,  so  as  to 
admit  the  tallest  person  to  pass  with  hia  hat.  There  are  minimum  dimensions  for  ordinary 
houses  in  the  principal  floors;  but  for  houses  of  a  superior  class,  which  are  provided  with  what 
may  be  called  state  apartments,  widths  of  4,  5,  and  6  feet,  folding  doors  and  the  like,  will  not 
be  too  great  for  the  openings,  and  the  heights  will  of  course  be  in  proportion.  The  entrance 
doors  of  private  houses  ought  not  to  be  under  S  feet  6  inches,  nor  ordinarily  more  than 
6  feet  in  width ;  but  in  public  buildings,  where  crowds  of  people  assemble,  the  minimum 
width  should  be  6  feet,  and  thence  upwards  to  10  or  12  feet  No  gate  should  be  less  than 
9  feet  wide;  and  when  loaded  waggons  or  carts  are  to  pass  through  it,  11  or  12  feet 
will  not  be  too  much.  As  a  general  observation  we  may  mention  that  all  doors  should  open 
inwards,  for  otherwise  the  person  entering  pulls  the  door  in  his  fiice,  which  is  an  inconvenient 
mode  of  entering  a  room.  Also  when  the  width  of  a  door  b  greater  than  3  feet  8  inches 
it  should  be  formed  in  two  flaps,  by  which  three  advantages  accrue  :  first,  that  the  door 
will  not  occupy  so  much  space  for  openine ;  second,  that  each  door  will  be  lighter ;  and, 
third,  that  the  flaps  will  more  nearly  fold  into  the  thickness  of  the  wail.  Chambers  pro- 
perly says,  ^*  That  in  settling  the  dimensions  of  apertures  of  doors  regard  must  be  had  to 
the  architecture  with  which  the  door  is  surrounded.  If  it  be  placed  in  the  intercolumniation 
of  an  order,  the  height  of  the  aperture  should  never  exceed  three  quarters  of  the  space 
between  the  pavement  and  the  architrave  of  the  order ;  otherwise  there  cannot  be  room  for 
the  ornaments  of  the  door.  Nor  should  it  ever  be  much  less  than  two  thirds  of  that 
space,  for  then  there  will  be  room  sufficient  to  introduce  both  an  entablature  and  s 
pediment  without  crowding ;  whereas  if  it  be  less  it  will  appear  trifling,  and  the  inter- 
columniation will  not  be  sufficiently  filled.  The  apertures  of  doors  placed  in  arches  are 
regulated  by  the  imposts,  the  top  of  the  cornice  being  generally  made  to  level  with  the 
top  of  the  impost ;  and  when  doors  are  placed  in  the  same  line  with  windows,  the  top  of 
the  aperture  should  level  with  the  tops  of  the  apertures  of  the  windows ;  or  if  that  be 
not  practicable  without  making  the  door  much  larger  than  is  necessary,  the  aperture 
may  be  lower  than  those  of  the  windows,  and  the  tops  of  all  the  cornices  made  on  Uie  same 
level" 

2732.  To  say  that  the  principal  door  of  a  building  should  if  possible  be  in  the  centre  of 
the  firont  would  seem  almost  unnecessary ;  but  it  is  not  so,  perhiq>s,  to  inculcate  the  necessity 
of  its  being  so  situated  in  connection  with  the  internal  arrangement  of  the  building  as  to 
lead  with  fecility  to  every  part  of  it,  being,  as  Scamoszi  obsc^es  (Parte  Secunda,  lib.  vi. 
c.  4.),  like  the  mouth  of  an  animal  placed  in  the  middle  of  the  fiice,  and  of  easy  communi- 
cation with  the  inside.  In  the  internal  distribution  the  doors  should  as  much  as  possible 
be  opposite  one  another  on  many  accounts,  not  the  least  whereof  is  the  fecility  thus  given 
to  ventilation ;  but  such  a  disposition  also  gives  the  opportunity  of  a  fitf  better  display  of 
a  series  of  rooms,  which  on  occasions  of  fetes  imparts  great  magnificence  to  the  apartments. 
In  this  climate  it  is  well  to  avoid  too  great  a  number  of  doors,  and  they  should  never,  if 
it  can  be  avoided,  be  placed  near  chimneys,  because  of  subjecting  to  draughts  of  air  those 
who  sit  near  the  fire.  Generally  the  doors  in  a  room  should  be  reduced  to  the  smallest 
number  that  will  suit  the  distribution,  and  the  practice  of  making  feigned  or  blank  doors, 
though  sometimes  necessary,  should  if  possible  be  excluded. 

27  S3.  The  ornaments  with  which  doors  are  decorated  must  of  course  depend  on  the 
building  in  which  they  are  used ;  and  as  this  is  a  matter  in  which  common  sense  must 
direct  t£e  architect,  it  is  hardly  necessary  to  say  that  the  ornaments  applied  to  them  in  a 
theatre  would  ill  suit  a  church. 

2734.  The  composition  and  designing  of  gates  and  their  piers  must  of  necessity  suit  the 
occasion,  as  well  as  the  folding  gates  attached  to  them,  for  the  enclosure  of  the  parks. 
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garden!,  anil  other  pUec*  thej  u 
cUm  ot  thii  ipeeica  of  daign  thu 

8T3  J.  The  eril  dajri  OQ  wbich  wa  uare  luun  m  tlm  muDtr;,  in  ropcet  of  toe  arta,  pre- 
cludca  the  hope  of  agun  aecing  the  dooia  of  our  buildingi  ornamental  with  baaii  relievi  and 
bronu  omamenti,  a  practice  mkiudoo  among  the  aneienti  no  leas  than  among  the  r«»irCT» 
of  the  art! ;  witneaa  the  door*  of  8t  Peter'i,  and,  abora  all,  thoae  manumenti  of  the  art.  the 
dooTB  of  the  baptiitery  it  Florence  bj  Lonnio  Gfaiberti,  whernn  art  riaea  bj  being  made 
onlr  aubeerrient  to  the  bol;  purpoie  to  which  it  i>  the  mere  handmaid.  In  the  mentioo 
of  doon  those  of  Sao  Gioranni  Luterano  at  Rome  muit  not  be  omitted  j  thej  hare  the  credit 
of  baring  been  the  enoloture*  to  the  lenipte  of  Saturn  in  the  ancient  citj. 

aT36.  The  manulaoture  of  doon  ha*  been  Blreadr  eufficientl;  noticed  in  the  Seoond 
Book;  and  it  therefoie  onlir  r«nuiiu  tot  ui  to  *ubJoia  a  lew  example*,  which,  w«  thin'i, 
among  nunj  olben,  dacrre  the  atlenlioD  of  tba  itudent. 


n 


r^.aiT.  r«.*M.  pia.ua. 

3T3T.  ^g.  956.  i*  an  eit^nuJ  doorwaj  designed  and  executed  by  Vignola,  at  Caprarolatt 
not  a  great  diitanee  north  of  Rome ;  it  must  ipeak  for  itHlf :  IF  the  reader  be  of  our 
mind,  b«  will  we  in  it  a  beautiful  handling  of  the  lubject  i  but  we  cannot  fiuther  answer  for 
our  opinion,  knowing  a*  we  do  that  lome  of  the  reriewera  of  these  dayi  maj  find  out  that 
it  poaKoe*  no  lalbitic  beauliei.  There  are  caica  where  imitation  hai  been  permitted  i  and 
the  nnctioQ  fbr  out  opinion  is,  that  it  haa  been  imitated  h;  one  whom  we  and  all  othen 
hold  in  reverence  at  Greenwich  Ho^ital,  though,  as  we  think  with  Chambers,  for  the 
worse.  "TTie  aperture  is  in  the  (brm  of  an  arch,  and  occupies  somewhat  more  than  two 
thirds  of  the  whole  hcighL  It  is  adorned  with  two  rusticated  Doric  pilasters  and  a  re- 
gular entablature.  The  height  of  the  pilaster*  i*  16  modules,  that  of  the  entablature  4. 
Tlie  vidOi  of  the  aperture  is  7  madu1e^  its  height  14,  and  Iho  breath  of  each  pier  u 
.I  modules."     To  the   detail  of  Chsmberi  we  hare  to  add  that  the  void  in  this  example, 

the  section,  is  about  one  third  of  the  area  of  the  whole  design,  the  roid  being  to  uicb  area 
as  7-37  to  20-BH. 

973S.  Fig.  957.  is  a  design  by  the  last- mentioned  master,  in  which  the  Toid  is  aa  nearly 
as  possible  equal  to  one  third  of  the  srea.  The  supports  another,  and  the  weighta  the  other 
third :  in  other  terms,  the  aperture  occupies  two  thirds  of  the  whole  height  and  one  half 
of  the  whole  breadth,  being,  in  fitet.  a  double  square.  lu  ent^lature  has  an  alliance  with 
the  Tuscan  order,  and  the  cornice  is  equal  to  one  fifteenth  of  the  whole  height  of  the  door. 

applicable  in  general  fbrm  to  either  eitemol  or  internal  doorway*. 

9739    Fifi.  9SH.  is  a  doorwsy  in  the  Cancellaiia  at  Home,  and  is  fiom  tbe  deaign  of 
Vignola.      The  width  is  one  hs" 
the  height,  and  the  height  of  II 
entablature  is  equal  to  one  third  i 
the  height  of  the  aperture.      The 
bresdth  of   the  arebitra' 
fifth  of  the  aperture's  width,  and  the 
pilasters  below    the    consoles   ai 
half  as   broad  as    the    architrari 
It  is  heavy,  OB  might  have  been  ei 
pccted  from  the  proportion  between 


2740.  Fip.  959.  i 
Michael  Angelo  Buo 
aperture  may  be  tw 


solids. 


on 
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tbe  wbola  cnUbUture  ■  qiurtCT  of  it*  bnght,  uid  the  arcbitnTe  dim  uitb  of  ths  width 
of  the  ■peiture.  The  Guc  of  tbe  piUsten  or  colunuu  at  tbe  nd«  miiit  be  regulitsd 
bj  the  lower  fucia  of  the  architrave^  and  their  breadth  if  to  be  a  ■euudiametcr. 

£741.  Fif.  »60.  i*  b;  VigocJa,  and  i*  in  the  Faineae  paluse  at  Rome.  The  opening  it 
twin  the  width  in  height,  and  the  eDUbUture  ia  three  eleientba  of  the  height  of  the  apet- 
tuitt,  one  of  the  fbr^tomg  eleTentha  being  given  to  tlie  arcbilmte.  The  whole  of  the  oma- 
ment  on  tbe  aide*  i^  iociuding  arehitravea  and  pilaiten,  equal  to  two  leTenthi  of  the  width 
of  tbe  aperture.  Tbe  eoiniee  ii  Compoaite,  with  modilliona  and  dentila,  and  the  frieie  ii 
eoriebed  with  a  laurel  hand. 

8T48.  Fig.  961..  another  of  the  eiamplea  giTen  by  Cbamben,  ig  beliered  to  be  b; 
CigoU.  The  void  ii  rather  more  in  height  than  twice  ita  width.  The  impost  of  the  aroh 
ia  eijual  to  half  a  diameter,  the  colunuu  are  rather  more  than  nine  diameten  high,  and 
ruiticated  with  five  iquare  cincturea.  Tbe  entablature  ia  not  ao  much  aa  one  quarter  of 
the  height  of  the  column,  and  its  tablet  ia  equ^  to  the  widtb  of  the  aperture. 


nay  bet. 


la  wide. 


or  Kvenlb  of  the  width  of  the  aperture,  the  top  of  it  being 
eolumna,  which  are  Oirintbian,  and  ten  diameten  m  height. 


S74S.  Fig.  96!.  U  by  Inigo  Janes,  ai 
The  arebitrave  may  be  a  aiitfa  oi 
lerel  with  the  aatragal  of  the  eo 

Tliey  must  be  lo  far  remoted  on  each  Hide  from  the  architrave  ■■  to  allow  the  full  projec- 
tion of  their  baaea.  The  entablature  may  be  from  two  nintha  to  one  fifth  of  the  column, 
and  the  pediment  should  be  regulated  by  the  rulea  given  in  Seel.  XVII.   (2722.). 

fi744.  F-ig.  963.  ia  by  Serlio.  The  aperture  may  be  a  double  square,  or  a  trifle  le«  ; 
the  diameter  of  the  columns  a  quarter  of  the  width  of  the  aperture,  or  a  trifle  lets  j  their 
beigbt  8  to  ej  diameters ;  the  entablature  about  a  quarter  of  tbe  height  of  the  eolumna, 
and  the  pediment  ahould  be  drawn  in  Mnfbrmity  wiUi  the  directions  in  Sect  XVI L 


8745.  Windows,  of  all  the  part*  of  a  building,  ire  thoae  which  require  the  greatest  nicely 

-  - '  between  the  interior  and  eilerior  relations  of  them.     TV  architect  who 

they  will  produce  in  bis  bfadei  has  done  las  than  half  his  work, 
Jlan_  that  of  a  mere  hoilder.  It  seems  almost  u«. 
building  should  preserve  the  same  character,  that 
height,  and  that  the  openings  most  be  directly  over 

^;i,i.    ..,  K-  — oided.  they  always  indicate  that 

the  building  with  its  external  do- 
will  permit  from 


y  looks  to  the 
and  deserves  no  better  nami 
leas  to  observe  that  the  windows  o 
those  in  each  story  must  be  of  tbe  sa: 

sue  another.      Blank  windows  are,       ,. , 

the  architect  wanted  skill  to  unite  the  internal 
IVindowa,  moreover,  should 


only  apparently,  but  Tsally,  weaken  the  anglee 


the  quoins  of  a  building,  because  tbey 
when  placed  too  near  them. 

S74fi.    Vitruvius,  Palladio,  Scamoni,  and  Phllibett  de  I'Onne,  beaides  many  o 
tti^  have  given  different  proportions  lo  them  as  connected  with  the  aportmi 
lighted.      That  these  should  be  different  ia  indicated  by  the  different  places  in  which  those 
maaten  have  written.      Nothing,  indeed,  teems  so  much  to  disallow  general  lavs  as  tbe 
n  apartment;  ■eootding  to  the  olimate,  the  temperature,  tbe 


I  to  be 


proportion  of  windows  to  a 
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length  of  the  daja,  the  genera]  eleuneu  of  the  sky,  the  wants  and  customs  of  oommeree 
and  of  life  generally.  In  hot  climates  the  windows  are  always  few  in  number  and  snrudl  in 
dimension.  As  we  approach  those  regions  where  the  sun  has  less  power  and  the  winter  is 
lon^r,  we  observe  always  an  increase  in  their  site  and  number,  so  as  to  enable  the  in- 
habitants to  take  as  much  advantage  as  ptMsible  of  the  sun's  light  and  rays.  It  seems, 
therefore,  almost  impossible  to  five  genend  rules  on  this  subject  We  shall  on  this  aooount 
endeavour,  in  the  rules  that  this  section  contains,  to  confine  ourselves  to  the  sixes  which 
seem  suitable  in  this  climate,  as  resoects  the  proportion  of  light  necessary  for  the  comfort 
of  an  apartment. 

S747.  It  is  a  matter  of  experience  that  tne  greatest  quantity  of  light  is  obtained  for  an 
apartment  when  lighted  by  an  horixontal  aperture  in  the  ceiling.  Of  this  a  very  eztrm- 
ordinary  verification  is  to  be  found  in  the  Pantheon  at  Rome.  I1iis  edificse,  whose  clear 
internal  diameter  is  14S  feet  6  inches,  not  including  the  recesses  behind  the  ccdumns,  is 
nearly  74  feet  high  to  the  springing  of  the  Mome,  which  is  semicircular.  The  total  clear 
number  of  cubic  feet  in  it  nuiy  therefore  be  taken  in  round  numbers  at  1,934,460  cubic 
feet  Those  who  have  vbited  it  well  know  that  it  is  most  sufficiently  and  pleasingly 
lighted,  and  thii  is  effected  by  an  aperture  (the  eye,  as  it  is  technically  called,)  in  tlie  crown 
of  the  dome,  which  aperture  is  only  27  feet  in  diameter.  Now  the  area  of  a  circle  97  feet 
in  diameter  being  rather  more  than  573  feet,  it  follows  that  each  superficial  foot  of  the 
area  lights  the  astonishing  quantity  of  nearly  3380  cubic  feet  Independent  of  all  consi- 
derations of  climate,  this  shows  the  amazing  superiority  of  a  light  felling  vertically,  where 
it  can  be  introduced.  But  in  a  migority  of  cases  the  apertures  for  light  are  introduced  in 
vertical  walls ;  and  the  consequence  is,  that  a  fer  greater  area  of  them  for  the  admis- 
sion of  light  becomes  necessary.  In  considering  the  question  it  must  be  premised  that 
a  large  open  space  is  supposed  before  the  windows,  and  not  the  obstructed  light  which 
it  is  the  lot  of  the  inhabitants  of  closely-built  streets  to  ei\joy.  Again,  it  is  to  be  recollected 
that  in  the  proportioning  of  windows  it  is  the  apartments  on  the  principal  floor  that  are  U» 
be  considered,  because  their  width  in  all  the  stories  must  be  guided  by  tliem,  the  only  va- 
riety admissible  being  in  the  height  In  this  country,  where  the  gloom  and  even  darkness 
of  wet,  cloudy,  and  foggy  seasons  so  much  prevails,  it  is  better  to  err  on  the  side  of  too 
much  rather  than  too  Uttle  light,  and  when  it  is  superabundant  to  exclude  it  by  means  of 
shutters  and  blinds.  We  are  not  very  friendly  to  the  splaying  of  windows,  because  of  tlie 
irregularity  of  the  lines  which  follows  the  practice ;  but,  it  must  be  admitted,  it  often  be- 
comes necessary  when  the  walls  are  thick,  and  in  such  cases  a  considerable  splay  on  the 
inside  increases  the  light  in  effect  by  a  great  diminution  of  shade.  It  is  well,  if  possible, 
to  have  an  odd  number  of  windows  in  an  apartment :  nothing  wherein  contributes  more 
to  gloom  than  a  pier  in  the  centre. 

3748.  We  do  not  think  it  necessary  to  advert  to  the  rule  of  Palladio  for  the  dimensions 
of  windows  given  in  the  first  book  of  his  work,  cliap.  35. ;  because,  were  it  true  for  the 
climate  of  northern  Italy,  it  would  not  be  so  for  that  of  Great  Britain ;  neither  are  we  at 
all  satisfied  with  that  which  in  hu  practice  Sir  William  Chambers  says  he  adopted,  and 
which  is  as  follows,  in  his  own  words : — "  I  have  generally  added  the  depth  and  height* 
we  suppose  width  **  of  the  rooms  on  the  principal  floor  together,  and  taken  one  eighth 
part  thereof  for  the  width  of  the  window  ;  a  rule  to  wliich  there  are  few  objections :  ad- 
mitting somewhat  more  light  than  Palladio's,  it  is,  I  apprehend,  fitter  for  our  climate  than 
his  rule  would  be.*'  This  rule  is  empirical,  as  indeed  is  that  on  which  we  place  most 
dependence,  and  to  which  we  shall  presently  introduce  the  reader,  being  ourselves  inclined 
to  the  belidT  that  in  the  lightins  a  room  there  is  a  direct  relation  between  the  area  of  the 
aperture  admitting  the  light  and  the  quantity  of  cube  space  in  the  room.  Indeed  the  law 
which  we  are  about  to  give  is  one  founded  on  the  cubic  contents  of  the  apartment ;  and  if 
the  results  bore  a  regular  ratio  to  that  quantity,  the  discussion  would  be  at  an  end,  for  we 
should  then  have  only  to  ascertain  the  cubic  contents,  and,  knowing  how  much  an  area  of 
light  one  foot  square  would  illuminate,  the  division  of  one  by  the  other  would  supply  the 
superficies  of  windows  to  be  provided.  Our  own  notion  on  this  subject  is,  that  1  foot  super- 
ficial of  light  in  a  vertical  wall,  supposing  the  building  free  from  obstruction  by  high 
objects  in  the  neighbourhood,  will  in  a  square  room  be  sufficient  for  100  cube  feet  if  placed 
centrally  in  such  room.  It  will,  however,  immediately  occur  to  the  reader,  that  this  rule 
caimot  in  many  cases  satisfy  the  requirements  of  an  apartment  as  respects  the  quantity  of 
light  necessary  for  its  proper  illumination.  The  subject  is  beset  with  numerous  difiiculties, 
which  to  overcome  requires  the  greatest  skill.  In  the  case  of  an  apartment,  long  as  com- 
pared with  its  width,  it  ia  well  known  to  every  practical  architect  that  windows  of  the  same 
collective  area  at  either  of  the  narrow  ends  of  such  apartment  will  light  it  much  more 
effectively  than  if  the  same  area  of  light  were  admitted  on  either  of  the  long  sides,  and  most 
especially  so,  if  it  should  happen  that  on  such  long  side  there  were  a  pier  instead  of  a  window 
in  the  centre  of  such  side.  In  illustration  of  what  we  mean,  let  us  refer  the  reader  to  the 
ball  room  at  Windsor  Castle,  an  apartment  90  feet  long,  34  feet  wide,  and  33  feet  high. 
This  room  is  lighted  from  the  northern  narrower  ride  by  a  window  nearly  oooupying  the 
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width,  and  ii  lupplied  bj  an  abundance  of  ligliL  But  had  the  Mime  qunntitx  of  ligbt  been 
admitted  from  either  Of  the  long  ndei  o(  the  room,  to  man  j  muaea  at  ihadow  would  hat* 
been  introduced  through  the  interpoulioD  of  pien,  thai  Its  effect  would  have  differed  moat 
widely  from  the  cheerful  and  airy  aspect  it  now  presents.  We  have  taken  this  ta  an 
ciample  that  more preernti;  oceunto  us,  but  the  reader  from  his  observaxion  will  hare  no 
difltcuit]'  in  Bupplying  iiutanees  in  corrotMration  of  our  impressioDS  on  this  lubject. 

But  we  ihail  now  proceed  to  give,  in  the  author'i  own  words,  the  rule*  of  which  we 
hale  spoken.  That  author  ia  Robert  Morris,  and  the  work  quoted  i*  Ltcturti  oa  Arehi- 
tectmrt,  cmaiiting  of  Rmitt  fotauird  m  Harmonirk  and  AriUant^ad  Pnpattiomt  in  BtciUing. 
London,  flvo.  1T34.  "  There  are  rulea,  likewise,  for  proportioning  of  light  according 
to  the  magnitude  of  the  room  by  which  any  room  may  be  illuminated,  more  or  less, 
according  to  the  uses  of  them,  and  at  the  same  time  preserve  an  eitemal  regularity  ; 
irhicb,  as  it  is  on  an  uncommon  basis,  I  shall  explain  to  you  as  well  as  1  conveniently 
cait.  Let  the  magnitude  of  the  room  be  given,  and  one  of  those  proportioni  1  have 
proposed  to  be  made  use  of  or  any  other  \  multiply  the  length  and  breadth  of  the  room 
together,  and  that  product  multiply  by  the  height,  and  the  square  root  of  that  sum  will 
be  the  area  or  auperficial  content  in  teet.  &0.  of  the  light  required." 


ST49.  ■■  Example.  Suppow  a  room  (_fig.  961. ),  whose  magnitude  is  (he  arithmetical 
proportion  of  S,  4,  and  3.  and  is  20  feet  long,  IC  test  broad,  and  IS  feel  high,  the  cube  or 
product  of  its  length,  breadth,  and  height  multiplied  Cogt;ther  is  3840,  the  square  root  of 
which  sum  is  62  feel.  If  the  height  of  the  itary  b  IS  feet  as  before  mentioned,  divide 
that  63  feet  into  three  windows  ;  each  window  will  contain  SO  feet  %  inches  of  superficial 
light,  and  those  will  be  found  to  be  3  feet  2^  inches  broad,  and  6  feet  5  inches  high,  which 

ST 50,  "  Let  us  now  suppose  IDDlher  room  on  the  tame  range  whose  height  is  I S  feel,  is 
the  preceding  example  Is,  and  its  proportion  {fig.  965.)  shall  be  the  cube.  The  product  of 
that  cube  is  USS,  and  ita  root  is  41  feet  4  inches,  or  thereabouli:  divide  that  41  feet 
4  inches  in  two  parts  for  two  windows,  and  each  will  be  SO  feet  S  inches  of  superficial 
light,  and  those  will  be  two  diameters  in  height,  and  the  magnitude  the  nune  as  the  pre- 

S751.   "  For  example  sake,  I  will  only  suppuae  one  more  room  {fig.  966  )  upon  the  same 
range,  and  15  feet  in  height, 
whose  proportion  shall  be  the 
arithmetical  of  3,  S,  and  1  ; 
that   is,   its  height  being  IS 

feet,  the  breadth  will   he  S4  i 

and  length  36,  the  pioduet  of  I 

those  numlwrs  multiplied  to-    ,  I 

gether  will  be  10368,  and  its  < 

root  lOI  feet  S  inches,  or 
thereabouts :  divide  this  room 
into  five  windows,  each  win- 
dow will  have  SO  feet  4  inches  * 

superficial  light,  and  the  mag-      < -M  F-l * 

nitude  will  be  near  or  equal  to  r%.  tsa, 

the  others,  and  if  the  proportian  be  6.  4,  and  3,  and  coved,  the  light  is  the  same." 

S75S.  "  There  is,"  says  the  author,  rather  perhaps  simply,  "  but  one  objcclion  lo  this 
rule  to  make  it  uniTtraal  fbr  all  kinds  of  proportioned  rooms  on  the  same  floor,  and  that 
is,  the  square  root  doth  not  always  happen  to  be  exact  enough  (or  to  make  them  alike;  but 
as  the  variation  will  be  so  small.  It  may  be  made  use  of  j  and  if  the  area  something  eieeeds 
the  standard  of  the  principal  room,  that  room  may  be  converted  to  a  use  which  require* 
more  than  standard  light,  and  the  necessities  of  hmllles  sometimes  require  ll.  But,  how- 
ever,  the  rule  will  serve  for  the  purpose  near  enough  for  any  practice." 
3C 
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uid  tohsTe  two  tira  "  (t'len)  "  oT  windovs.  Lei  us  nippon  tlw  room  (flg.  967.)  whh  two 
tire  of  windoirs  in  height,  to  be  50  feet  long.  40  leel  wide,  and  .SO  feet  ht^  the  aritb- 
■notial  propartioQ  oT  5. 4.  and  3,  the  product  of  thoH  numbers  mulliplled  togelber  will  be 
60000,  the  square  root  of  which  sum  is  94S  superlical  feet ;  divide  that  uim  Ibr  the  tit«  " 
(tiers)  "  (^  windows  into  three  parti,  or  tale  one  third  of  it,  and  that  makes  the  attic  or 
square  windows  81  feet  8  inches  superficial  light ;  diride  this  into  S  windows,  and  Vt\tj  are 
4  feet  and  half  an  inch  square,  and  the  fire  lover  windows,  eoDiisting  of  163  feet  4  incbe* 
superficial  light,  being  what  remains  out  of  the  345  feet,  the  root,  each  of  these  windows  ii 
4  feet  and  half  an  inch  bj  R  feet  I  inch,  or  two  diameters,  which  245  fcet,  the  whole  n>m 
of  the  square  rout  of  the  room,  will  luRicienllf  tlluminste  the  same." 

8754.  TliE  extreme  piers  should  not.  if  possilile.  be  len  than  half  the  width  of  the 
principal  piers.  Tliis  cannot  always  be  obtained,  but  ■  mnch  less  width  causes  great 
irregnloritfi  and  that  more  ■specially  when  one  of  such  end  piers  blli  opposite  a  chimDer 
breact,  licaidcs  causing  a  great  mass  of  shadow  on  the  other  side  of  the  chimncj,  which 
has  a  tendency  towards  making  the  room  dark  and  gloomj. 

375J.  Windows  in  the  same  stoij  should  be  similar.  There  may  be  an  oceasiottal  de- 
viation for  a  great  eentral  window,  but  such  deviation  must  be  used  with  much  caution. 
Another  practice,  moat  properly  reprobated  by  Chambers,  is  that  of  intermitting  the  archi- 
trave and  frieie  of  an  order  in  the  intemli  between  the  columns  to  make  room  for  windows 
and  their  enrichments,  as  on  the  flanks  of  the  Mansion  House  in  the  city  of  London ;  a 
practice  (hun  which  Sr  Christopher  Wren  was,  unrottunately,  not  enempt,  as  may  be 
noticed  in  St  Paurx  Cathedral. 

3756.   What  are  called  Venetian  windows  are  occasionally  allowable,  when  so  tanged 
and  iuttoduced  as  not  to  interfiTre  with  the  composition.  — a  task  often  difficult  to  efiect. 
They  should  not  be  much  repeated,  as  in  the  front  at  Holkbam,  where  they  become  actually 
disgusting.      Though  in  the  examples  which  follow  there  be  two  which  are  eoniposed 
with  Bemiciraiilar-beaded  centres,  we  do  tuit  approve  of  the  general  use  of  eiunples  de- 
ngned  on  such  principles,  and  would  advise  the  student  rather  to  study  the  composition  of 
the  Venetian  window,  when  required,  as  in  Jig.  968.. 
which  we  do  not  present  as  one  of  beauty,  hut  rather  _ 
of  propriety,  where  the  want  of  light  to  the  apartment 
renders  a  Venetian  window  eipedienl.      The  method 
of  nuking  sashes,  shutters,  and  the  other  accessories  of 
windows  has  been  described  in  a  previous  section ;  we 
therefore  proceed  to  offer  a  lew  of  the  most  celebrated 
examples  of  windows.      It  is  not  necessary,  after  the 
investigation  relative  to  the  voids  and  soli^  of  doors, 
to  pursue  the  inquiry  into  the  relative  proportions  of 
windows  as  respects  that  part  of  the  sulgecu     TTioy 
are,  in  a  measure,  in   regard  to  windows,  subject  to 
the  same  principles,  and  this,  by  trial,  will  be  immedi- 
ately apparent  to  the  student ;  and  vre  Iherefbre  shall    , 
not  stop  fbr  such  investigation.  ni.  ••*■ 


ST58.  Fig.  970.  u  from  the  Mattel  palace  at  Rome,  tai  U  the  detion  of  RnrtolomHi 
Amouiaati.  It  poueuo,  though  rathet  hearj,  coniidenble  beauty,  and  well  drwriei  th« 
attention  of  the  itudent.      Cbambere,  tiom  whom  we  liare  Klected   nunr  of  our  eismplea 


la  that  what  be  proposes  would 


3759.    Fig:  971-  and  9 
ture*  art  a  dotiblc  aquarc  or  Mmetbing  len,  tl 
aperturei^  and  the  pilaitera  majr  be  about  the  u~~ 


of  Bernardo  Buontalenti.  Hie  iper- 
arehitniTei  a  nith  or  terenlh  of  the 
The  heifiht  of  the  entablature  ahould 


-e  at  Parii,  and  ia  hj  the  celeb 
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i  Henry  II.     It)  prcqHnliaul 


irutwitlj  iuhI  by  PklUdio.  He  iip«miig  u  ■  double 
•■•  •niiil  til  ims  •iith  of  the  aperturei  and  the  frieM  and 
u^itnTe.  The  breadth  of  tbe  eon- 
o  thirdi  ths  width  of  the  arcfaitnTc.  Tba  breaki  oTer  the  eoiuoles  in  the 
bed  mouldinga  of  the  coruiei  are  pcrhapa  not  Rrictlj  eorceet,  but  are  deriatioiu  froni  pn>- 
ptietj  which  mair  be  tolermted.  The  breaks  b  the  upper  veitieal  parti  of  the  architniie 
would  perhapi  be  better  omitted.  The  piaetioe  seuenJl;  ihould  be  avoided,  except  in 
eawi  where  a  greater  length  of  comiM  ii  wanted  tor  the  purpOH  of  filling  tbe  bare  wall* 
to  which  the  windows  are  applied. 

9TG9.   Fig.  9^5.  is  from  tbe  Buiqueling  Houae  at  Whitehall,  by   Imgo  Jones.      Tb» 
aperture  ii  ■  double  square,  the  entablature  one  fourth  of  its 
height,  and  the  arehitrare  Mnnewhat  mote  thau  one  nilb  of  it* 
width. 

ST63.  jy.  9T6.  it  bjr  Michael  Angeto,  and  executed  at  tbe 
Faraese  paUee  at  Rome.  It  poweww  dl  &te  wildnesa  and 
bncy  of  the  matter,  aod  though  abouikding  with  bult*,  is 
redeemed  bj  it)  grandeur  and  originslitjr- 

!T64.    In  j^.  9TT.  isgiienthederignbrLudoTicoda  Cit    " 
of  a  window  from  the  ground  floor  of  tbe  Renui 
in  Florence.    It  can  scaieelj  he  properif  eetimated  without  its 
connection  with  the  h^tide,  to  the  character  whereof  it  is  in 
everj  respect  tuiUtble. 

3165.  rig.  978.  it  ■  devgn  of  PalUdio,  nearly  reaemhlLng 
that  eiMUted  in  the  Baibaraao  palace  at  Vioenta.       '    * 
been  imitated  bj  loigo  Jones,  and  periupa  improved  » 
in  the  Baoki  at  Greenwich  Hospital 


9766.  Ftg.  979.  ii  also  by  Palladio,  and  executed  Ijy  b 

9767.  F^.  9Sa  is  the  design  of  Raflaelle  Suiiio,  and 


}e  Porto  paUec  at  Vieeiua. 
'  '^e  r^utation  of  that 


mi..      II  i>  Eiecutcd  in  the  Pandolflni  palace  at  Floimee,  oa  tha 
.. —  jeight  of  the  afwrture  u  >  rer;  little  more  than  twice  ili  width,  the 
«  aereiitb  the  widtb  of  the  aperture.     The  eoluinii*>  which  an  looic,  are 


5  dinmeten  high,  mad  ihould  be  ai  much  deta«hed  from  tlie  wall  ai  poaaible.  Hie  diatanoe 
of  them  from  the  archilrare  of  the  window  is  a  quarter  of  a  diameter,  which  i>  alw  the 
diitance  of  Ibe  enublature  koai  the  top  of  the  lame  architraTc.  The  total  height  of  the 
entablatiire  ii  two  ninth)  of  that  of  the  column,  and  the  height  of  the  pediment  it  one 
quarter  of  its  bale  ot  aomewhat  leH.  llie  pedestal*  are  one  quarter  of  the  height  of  the 
wbcde  order. 

STS8.  Fig.  981.  ii  one  of  the  wicdowi  of  the  Bracciano  palace  at  Rome,  by  Bernini.^ 
The  aperture  ii  more  thao  a  double  square,  and  the  architrave  about  one  uxth  the  width 
of  the  aperture.  The  entablature  ii  only  one  fifth  of  the  height  of  the  columns,  in- 
cluding their  lub-plinthn,  and  the  pediment  ii  len  in  height  than  one  quarter  of  it*  eitent. 


3769.  Flf.  98S.  ii  from  the  prtndpal  Boor  of  Uie  Palano  Thlene  at  Vle«Du.  The 
aperture  ii  two  and  two  tenthi  of  iti  width  in  fadght ;  the  columns  are  nine  diameten  high, 
and  one  quarter  engaged  in  the  wall.  The  under  lidiei  of  the  Ionic  capitals  are  level  with 
the  top  of  the  aperture,  having  angular  folules  wjih  an  actragal  and  fillet  below  the  volute. 
The  basei  are  Tuican,  and  there  are  on  eaeb  shaft  Ave  rustic  diet  of  an  equal  breadiii. 
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wfaoM  inner  nda  u«  oo  ■  liue  witli  tba  tides  of  tht  >|i*rturc,  and  their  projection  equal  to 
that  or  the  pUntb  of  the  hue,  that  U,om  fifth  of  a  diameter  of  the  colutao.  The  keystonn 
inclina  Ibrnrdi  toward*  the  top,  and  thej  an  hatched,  oulj  the  lurbce  being  leA  rough, 
as  are  lilcewiie  the  diea  on  the  columni,  except  at  their  anglei,  wfai<^  are  rubbed  Bmaoth. 
Tbt  entablature  ii  Ionic,  the  architrave  conujting  of  onlj  tiro  iuciee,  the  frieae  Bwelled« 
tod  the  dentil  band  placed  immcdialcl)^  on  the  frieie,  vilbout  anj  iuterreniDg  moulduip^ 
a  practice  not  very  unuiual  vith  Falladio.  l^e  pedestals  are  rather  more  than  one  third 
the  height  of  the  columns.  The  diee  and  bdusten  nand  on  the  platband  of  the  basenwnl, 
which  was  done  to  diminish  the  projection. 

3TTO.  FSf.  9S3.  is  a  design  bj  Inigo  Joaes.  which  has  been  much  used  in  this  country. 
It  is  rather  higher  than  a  double  square.  The  width  of  the  orchitrmTe  is  one  fifth  diat  of 
the  aperture,  and  the  ruatici  are  a  tiiSe  leas  than  the  third  of  it.  The  enlablstore  is  two 
ninths  of  the  height  of  the  opening,  and  the  height  of  the  pedettal  is  nine  twenty-fifths,  or 
nearly  the  height  of  the  aperture  and  pedestal  tiiEen  together. 


3T7I.  FJff.  9S4.  is  the  de«gn  of  a  Venetian  window  by  Colin  CampbeU,  the  eompiter 
t^  the  three  flrrt  ndumea  of  the   yitntim  Sritewucw  ;  and 

9773.  Fig.  985.  i>  tery  similar  to  the  Venetian  windows  in  the  west  fiifsde  of  the  Horse 
Gusrds,  eieculed  by  Kent  It  is  perhsps  ss  bvoursble  an  example  of  this  sp«ciei  of 
window  as  can  be  [»odueed. 


3TTS.  A  niche  i)  ■  recess  constructed  in  the  thiclineaa  of  a  wall  fbr  the  reception  of  different 
Directs,  aucb  19  statues  more  especially,  hut  oceaaiontlly  also  far  that  of  buats,  rases. 
and  tripodi.  Vitruviui  makes  no  mention  of  niches,  and  but  Ibr  an  inscription  published 
by  Visconti  in  the  AfimiiiMiiti  Gabinl  we  ihould  not  have  known  that  they  were  by  the 
ancients  called  iMAtea,  or  place  for  the  reception  of  a  figure.  Our  English  word  m<^e  is 
•ridently  derived  from  the  Itslian  nifrAfa,  a  shelL 

S7T4.  In  the  early  Greek  temple  the  niche  is  not  found;  at  ■  laler  period,  as  in  the 
monument  of  Philopappiu,  we  find  a  circular  and  two  quadnngular-hcaded  niches  occupied 
in  the  time  of  Stuart  by  statues ;  and  it  does  not  seem  improbable  that  in  the  Gymnana, 
Agora,  Stadia,  &c.  of  the  nation  mentioned,  the  uie  of  the  niche  was  not  uncommoa.  But 
the  different  forma  of  the  ancient  tomb,  and  the  early  tnetbods  of  sepulture,  would  soon 
suggest  to  the  Greeks  and  Ronuuu  the  use  of  the  niche,  especially  in  such  tombs  as  were 
devoted  to  the  use  of  a  particular  fiunily.  These  sepulchres,  whose  subdiviiiona  were 
eilled  tobatbaria,  bad  their  walls  onumented  with  imall  niches  fbr  the  reception  of 
cinerary  urns,  or  those  containing  tbe  ashes  of  the  dead.  In  these,  a  large-aied  luehe 
occupies  the  principal  pUce  in  the  spartment,  and  in  Ibis  was  deposited  the  urn  or  sarco- 
phagus of  the  head  oF  the  bmily. 

S7T5.  The  smalt  leiaples(inliniZa)  of  Ibe  Ronuuu  are  often  Gnind  decanted  with  niches  i 
and  in  the  small  building  on  tbe  Lake  of  Albitno,  generally  supposed  to  have  been  a 
Nympheum,  we  End  each  side  of  the  interior  dressed  with  ui  niches,  whose  height  suffi- 
ciently indicates  that  they  were  provided  fur  the  reception  of  statues.  In  the  temple  of 
Diana,  usually  called  the  shiuh  airrft,  at  Nismes,  which,  howevei.  is  usually  eomidcred  to 
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Iiave  been  m  building  sacred  to  the  Nymphs,  the  interior  has  two  sides  decorated  with 
six  Corinthian  columns,  and  in  the  wall  between  each  intercolumniation  is  a  niche  of  the 
sort  called  tabernacles  bj  the  modems.  Each  is  placed  on  a  pedestal,  and  is  finished  on 
the  sides  by  pilasters  alternately  surmounted  by  segmental  and  triangular  pediments.  We 
do  not,  however,  consider  it  necessary  to  enumerate  the  various  Roman  works  wherein  the 
niche  finds  a  place,  and  shall  therefore  do  no  more  than  refer  the  student  to  the  Pantheon, 
the  temple  of  Peace,  the  arch  of  Janus,  at  Rome»  and  to  its  exuberant  emplojrment  at 
Palmyra,  Raalhek,  and  Spalatro.  The  buildings  cited  will  furnish  him  with  examples  of 
•11  sorts  and  characters. 

2776.  The  dresses  of  niches  seem  to  bear  an  analogy  to  those  of  windows  snd  doors  in 
their  form  and  decoration ;  the  niche,  indeed,  may  be  considered  as  an  opening  in  a  wall, 
and  indeed  there  are,  in  the  arch  of  Claudius  Dnisus,  now  the  Porta  Maggiore,  at  Rome, 
openings  used  as  niches,  in  which  an  object  placed  may  be  seen  from  either  side  of  the 
walL  It  therefore  appears  not  improper  to  dress  the  niche  with  the  ornaments  which 
custom  has  sanctioned  for  doors  and  windows.  The  author  of  the  article  **  Niche**  in  the 
Encyclopedie  Metkodique^  has  divided  niches  into  three  classes.  The  first  are  such  as  are 
square  on  the  plan,  and  either  square  or  circular.headed.  These  are  the  simplest,  and  are 
without  dressings  of  any  sort.  Second,  such  as  are  square  aa  their  plans,  and  with  square 
heads,  but  ornamented  with  dressings,  or  crowned  with  a  simple  platband  supported  by  two 
consoles.  In  the  third  class  are  included  all  niches  whose  plan  and  heads  are  semicircular, 
either  ornamented  with  festoons,  or  with  dressings,  or  with  columns  and  entablature. 
These,  says  the  author,  are  to  be  introduced  into  buildings  according  to  their  several  cha- 
racters, from  simple  to  highly  enriched,  as  requisite. 

2777.  Some  ardiitectural  authors  have  laid  down  positive  rules  for  the  proportions  of 
niches.  According  to  others  the  proportion  is  found  in  a  niche  twice  and  a  half  its  width 
in  height ;  and  indeed  thb  produces  a  proportion  not  inelegant.  But  in  considering  the 
classes  separately,  they  have  divided  the  width  of  the  niches  invariably  into  twelve  parts. 
To  a  niche  of  the  first  class  they  give  twenty-eight  of  such  parts ;  to  one  of  the  second 
class,  thirty ;  and  to  one  of  the  third  class,  thirty-one  parts.  This  reduction,  however,  of 
the  proportions  of  a  niche  seems  to  us  to  partdce  of  empiricism ;  and  we  would  rather 
always  trust  to  an  educated  eye  than  to  rules  which  seem  to  have  no  basis  on  fitness  and 
propriety.  It  is,  however,  to  be  recollected  that  all  rules  of  art  can  be  considered  only  as 
mean  ternu,  serving  more  as  approximations  than  positive  laws  for  the  guidance  of  the 
artist  in  the  diflSerent  combinations  he  imagines. 

277B.  The  use  of  tiers  of  niches  over  each  other  is  condemned  by  J.  F.  Blondel,  unless 
separated  by  a  line  of  entablature  between  them,  which  may  seem  to  indicate  the  existence 
of  a  floor;  otherwise,  he  observes,  one  figure  seems  to  stand  on  the  head  of  another. 
This,  however,  is  an  abuse  of  reasoning ;  not  that  it  is  to  be  understood  that  we  think  the 
practice  very  allowable.  The  recommendation  of  this  master  in  respect  of  the  relation 
between  niches  and  the  statues  that  are  to  occupy  them  is  worthy  of  attention.  He 
opposes,  and  we  think  with  great  propriety,  the  placing  a  statue  without  a  plinth  in  the 
niche.  The  plinth  is,  indeed,  necessary  to  the  good  effect  of  every  statue ;  and  to  pretend 
that  the  imitation  in  marble  could  or  ever  was  intended  to  be  mistaken  for  the  object  it 
imitates,  would  be  to  leave  behind  all  those  matters  of  convention  in  art  for  which  the 
spectator  is  well  prepared.  In  architectural  decoration,  no  less  than  in  the  abstract  imita- 
tion of  the  objects  of  sculpture,  no  one  is  desirous  of  believing  them  natural  and  living,  but 
only  as  models  of  imitation. 

2779.  The  following  observations  are  from  Chambers,  relative  to  the  size  of  the  statues 
used  in  niches.  **  The  size  of  the  statue  depends  upon  the  dimensions  of  the  niche  ;  it 
should  neither  be  so  large  as  to  seem  rammed  into  it,  as  at  Santa  Maria  Maggiore,  in 
Rome,  nor  so  small  as  to  seem  lost  in  it,  as  in  the  Pantheon,  where  the  statues  do  not 
occupy  above  three  quarters  of  the  height  of  the  niche,  and  only  one  half  of  its  width. 
Palladio,  in  arched  niches,  makes  the  chin  of  his  statues  on  a  level  with  the  top  of  the  im- 
post (springing),  so  that  the  whole  head  is  in  the  coved  part.  In  the  nave  of  St.  Peter's,  at 
liome,  the  same  proportion  has  been  observed,  and  it  has  a  very  good  effect.  The  distance 
between  the  outline  of  the  statue  and  the  sides  of  the  niche  should  never  be  less  than  one 
third  of  a  head,  nor  more  than  one  half,  whether  the  niche  be  square  or  arched ;  and  when 
it  is  square,  the  distance  from  the  top  of  the  head  to  the  sofiite  of  the  niche  should  not  ex- 
ceed the  distance  left  on  the  sides.  The  statues  are  generally  raised  on  a  plinth,  the  height 
of  which  may  be  from  one  third  to  one  half  of  a  head ;  and  sometimes,  where  the  niches 
are  very  large  in  proportion  to  the  architecture  they  accompany,  as  is  the  case  when  an 
order  comprehends  but  one  story,  the  statues  may  be  raised  on  small  pedestals,  by  which 
means  they  may  be  made  lower  than  usual,  and  yet  fill  the  niche  sufficiently,  it  being  to  be 
feared  lest  statues  of  a  proper  size  to  fill  such  niches  should  make  the  columns  and  entabla- 
ture appear  trifling.  The  same  expedient  must  also  be  made  use  of  whenever  the  statues 
in  the  niches,  according  to  their  cortimon  proportions,  come  considerably  larger  than  those 
placed  at  the  top  of  the  building.     A  trifling  disparity  will  not  be  easily  perceived,  on  ac- 
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count  of  the  diitiaoe  between  thur  retpectiTe  aituation*  ;  but  if  it  be  gieU,  it  miut  tnTam 
very  bad  effect ;  end  therefore  tbii  miut  be  well  MleDded  to  and  remedied,  either  bj  the 
■barre-mentioned  method,  or  b;  enlirel]'  omitting  *t*tiiea  at  tbelop  of  tbe  building,  leaiing 
the  baluitimde  either  free,  or  pUciog  thereon  TUee,  trophies,  end  other  >iinil«r  otttuaentt." 
Further  on  in  tbe  Hme  work,  the  author  Mj)  that  "  uiohea,  being  deai^iwd  at  repoeitorica 
for  itatueB,  groupa,  naaa,  or  other  woriu  of  aeulpture.  muit  be  oootnTad  to  wt  off'  the 
thing*  thej  are  to  contain  to  the  h<at  advantage ;  and  therelbra  no  Dmamentt  ihould  erer 
be  introduced  within  them,  aa  ii  lointtimea  u^udieiouilj  pimetiaed,  the  eore  of  the  niche 
being  either  filled  with  a  large  acollop  ihell.  or  the  whole  iniide  with  larioui  kinda  of  pro- 
jecting nutica,  with  moulded  sompartmenta,  either  laiaed  or  lunken,  or  oomposed  of  dif- 
forenl  coloured  marUea,  for  all  theae  aerre  to  confuae  tbe  outline  of  the  atatue  or  grau|l. 
It  ia  eren  wrong  to  conlinua  an  impoat  within  tbe  mche,  for  that  ii  of  coDndarahle  du- 
adfantage  to  the  6guret,  which  never  appcw  lo  perfect  aa  when  backed  and  detached  oo  ■ 
plun  tmooth  nir&De.  An  eiceaa  of  omanenti  round  tbe  niche  iboutd  likewiae  be  amidcd, 
and  particularly  maika,  buita,  boyi,  or  any  repreeentation  of  tbe  human  figure,  all  which 
serve  to  divide  the  attention,  and  to  divert  it  from  the  principal  object. " 

ST80.  "  The  depth  of  the  niche  ihould  always  be  tufflcient  to  contain  the  wbirie  itatua> 
or  whatever  else  it  ii  to  contain,  it  being  very  disagreeable  lo  see  statues,  or  any  other 
weighty  objects,  with  Use  bearinei,  and  supported  on  consoles  ot  other  pn^cctions.  aa  is 
•ometintes  done,  and  in  the  caae  of  niches,  the  side  views  beeoou  eieeedjngly  uncouth  i  for 
in  these  a  leg,  an  sroi,  a  head,  in  abort,  thoae  parts  alone  which  project  beyond  the  niche. 
appear  and  look  like  so  many  fragments,  stuck  insularly  into  the  waU."  We  trust  we 
ahall  be  eimued  for  Ibis  and  many  other  long  quotations  from  Chambers,  on  aooount  at  the 
strong  common  Bcnae  with  which  they  abound,  though  not  always  eipreased  in  tbe  rooet 
elegant  language  that  might  have  been  aelected. 

S^Bl.  We  conelude  the  aection  with  a  fow  eismples  of  niches,  whose  general  propor- 
tions are  lufficioitly  to  be  derived  from  tbe  flgures  which  represent  them,  and  which, 
therefore,  will  not  require  our  more  minute  descriptim  in  this  plaee,  the  diagrams  than- 
selvea  being  the  more  useful  mode  of  submitting  the  subject  lo  the  student. 
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STSS.  Fip.  9B6.  ii  the  umple  niche,  square  and  circular  in  the  head  and  in  tbe  plan  ;  in 
the  latter  we  have  before,  aa  a  general  rule,  given  tha  proportion  oF  its  heght  as  twice  and  a 
half  that  of  ila  width  ;  but  the  former,  or  the  square-hnded  one,  may  be  a  double  squara, 
yet  it  never  should  eieeed  in  height  twice  and  a  half  its  width. 

2703.  Fig.  9B7.  is  a  common  fbrrn  of  unng  tbe  niche  where  the  opening  of  windowa 
with  which  it  is  accompanied  requires  a  correspondent  square  recess  for  the  niches,  aa  alio 
in  interiors  where  tha  Inding  lines  may  require  such  an  eipedient. 

97B4.   Fig.  9S8.  shows  the  aiethod  of  introducing  niches  in  a  nisticated  basement,  which 
is  often  requisite.     The  rustics  are  received  on  a  Hat  ground,  in  which  the  niche  is  formed. 
The  reader  is  not  to  understand  that  any  of  the 
figures  are  intended  as  models  for  imitation,  but 
merely  as  modes  on  which,  in  using  them,  he  may 

the  design  whereon  be  is  engaged. 

3TS5.  Fig.  969.  is  from  tbe  plate  of  Falladio's 
Egyptian  Hall,  and  exhibits  the  Tiolation  of  Cham- 
ben's  excellent  maiim  of  not  allowing  the  impost 
to  be  continued  round  the  springing  of  the  niche. 
If  niches  are  merely  introduced  for  play  of  light 
and  shadow  without  reFerence  to  their  reception 
of  statues,  the  practice  of  this  abuse  may  be  to- 
lerated ;  but  certainly  not  in  esses  where  statues 
are  to  be  placed  in  them. 

STRe.  Fip.  990.  is  the  niche  accompanied  by 
entablature,  pediment,  architraves,  consoles,  and 
pedestals,  at  in  the  windows  which  have  already  ci(.mi.  Fia.s9i. 
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been  given,  and  their  proportions  will  senre  as  a  guide  in  this ;   the  only  difference  being, 
that  a  niche  is  inserted  within  the  architrave  of  the  opening. 

8787.  Fig.  991.  is  imitated  firom  one  of  the  niches  of  the  Pantheon,  for  the  details 
whereof  the  reader  may  refer  to  Desgodetz. 


S«CT.  XXII. 


CUIMKET   riXCKS. 


2788.  It  is  not  our  intention  to  devote  much  of  a  space,  necessarily  restricted,  to  the 
consideration  of  designs  for  chimney  pieces ;  not  because  we  consider  them  unworthy  of  the 
serious  attention  of  the  student,  nor  because  the  ever-varying  fashion  of  the  day  seems  to 
create  a  desire  for  new  forms,  but  because  they  come  under  the  cat^^ry  of  doors  and  win- 
dows (strange  as  it  may  seem)  in  respect  of  the  relation  of  the  void  to  the  solid  parts.  We 
are  not  aware  that  any  view  of  this  nature  has  heretofore  been  involved  in  the  consideration 
of  them,  but  we  are  not  the  more  on  that  account  to  be  driven  from  our  hypothesis.  The 
examples  of  chimney  pieces  that  have  been  given  by  Chambers,  and,  before  him,  by  old 
Serlio,  were  but  &shions  of  their  respective  days ;  and  if  it  be  possible  to  establish  some- 
thing like  a  canon  on  which  they  might  be  designed,  we  apprehend  it  would  be  useful  to 
the  student 

2789.  A  chimney  piece  is  the  ornamental  decoration  applied  to  the  aperture  of  a  chimney 
opening,  and  it  seems  but  reasonable  that  in  its  general  distribution  it  should  be  subject  to 
those  laws  which  regulate  the  ornaments  of  other  openings.  The  forms  and  fimcies  into 
which  this  ornament  of  a  room  may  be  changed  are  infinite,  and  we  therefore  ocmsider  that 
if  its  appendages  can  be  drawn  into  a  consistent  shape  we  shall  be  of  service  in  the  few 
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remarks  subjoined.  In  fig.  992.  the  chinmey  opening  to  be  decorated  is  40  wide  and 
S  feet  6  inches  hiffh;  its  area  is  therefore  equal  to  4  :  O  x  S  :  6*14  feet.  Tlie  principle 
here  recommended  is  to  make  the  two  supporting  pieces  equal  to  one  half  of  that  area,  or 
seven  feet,  and  the  supported  piece  B  equal  to  the  other  hal£     Now,  as  the  height  is  3  :  6, 

we  shall  have  ^iB»^tat  the  width  of  the  two  piers,  that  is,  each  will  be  one  fbot  wide.    By 

the  addition  of  these  to  the  width  of  the  opening,  the  dimension  becomes  six  feet ;  and  as 
B  is  to  contain  seven  feet  superficial,  it  follows  that  J  =:  1 )  is  the  height  of  B  that  it  may 
contain  7  feet 

2790.  In  fig,  99S.  we  have  shown  the  method  of  developing  the  principle;  in  it  the 
supports,  load,  and  void  bear  the  same  relation  to  each  other  as  in  the  preceding  figure. 
The  entablature  is  divided  into  three  equal  parts  for  the  architrave,  frieze,  and  cornice,  and 
trusses  are  placed  on  the  pilasters  by  the  sides  of  the  architrave.  The  tablet  is  of  course 
not  abeolutely  required,  and  the  trusses  may  be  formed  of  leaves  instead  of  being  plain,  as 
here  shown. 

2791.  Fig.  994.  is  another  mode  of  using  the  proportions  given  in  fig,  992.,  and  upon 
it,  as  well  as  that  last  given,  we  have  only  to  observe,  they  are  not  introduced  as  specimens 
of  design,  but  solely  with  the  view  of  illustrating  a  principle.  The  projection  of  chimney- 
pieces  should  not  generally  be  greater  than  the  whole  width  of  the  support,  nor  less  than 
half. 

53792.  We  wish  we  could  give  some  rule  for  adjusting  the  size  of  a  chimney  opening  to 
that  of  the  room  it  is  to  warm.  Morris,  in  his  Lectures  on  Architeetwe^  bdTore  quoted, 
imagined  that  he  had  found  out  one,  and  he  speaks  with  confidence  on  the  results  which 
follow  its  use ;  but  we  confess  we  are  not  satisfied  with  them.  We  nevertheless  should 
be  wrong  in  omitting  it,  and  therefore  give  his  words  for  the  consideration  of  the  student. 
The  first  rule  is  as  follows :  — **  To  find  the  height  of  the  opening  of  the  chimney  from  any 
given  magnitude  of  a  room,  add  the  length  and  height  of  the  room  together,  and  extract 
the  square  root  of  that  sum,  and  half  that  root  will  be  the  height  of  the  chimney.**  The 
second  rule  is  as  follows :  — **  To  find  the  breadth  of  a  chimney  from  any  given  magnitude 
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of  a  room,  add  the  length,  breadth,  and  height  of  the  room  together,  and  extract  the  aquare 
root  of  that  sum,  and  half  that  root  will  be  the  height  of  the  chimney.**  The  third  rule  he 
gives  is,  **  To  find  the  depth  of  a  chimney  from  any  given  magnitude,  including  the  breadth 
and  height  of  the  same,  add  the  breadth  and  height  of  the  chimney  together,  take  one 
fourth  of  that  sum,  and  it  is  the  depth  of  the  chimney.**  His  fourth  and  last  rule  is,  **  To 
find  the  side  of  a  square  or  funnel  proportioned  to  clear  the  smoke  from  any  given  depth 
of  the  chimney,  take  three  fourths  of  the  given  depth,  and  that  sum  is  the  side  of  tbe 
square  of  the  funnel.  Observe,  only,  that  in  cube  rooms  the  height  is  equal  to  the  breadth, 
and  the  foregoing  rules  are  univernl."  The  rules  given  by  Chambers  are  extremely  rmgue 
and  generaL  He  says  that  **  in  the  smallest  apartmoits  the  width  of  the  aperture  is  never 
made  less  than  from  three  feet  to  three  foet  six  inches ;  in  rooms  from  twenty  to  twenty- 
four  feet  square,  or  of  equal  superficial  dimensions,  it  may  be  four  feet  wide ;  in  thoae  of 
twenty-five  to  thirty,  from  four  to  four  and  a  half;  and  in  sych  as  exceed  these  dxmenaioDa, 
tbe  aperture  may  be  extended  to  five  or  five  feet  six  inches ;  but  should  the  room  be 
extremely  large,  as  is  frequently  the  case  of  halls,  galleries,  and  salons,  and  one  chimney  of 
these  dimensions  nttther  afford  sufficient  heat  to  warm  the  room  nor  sufficient  apace  round 
it  for  the  company,  it  will  be  much  more  convenient,  and  far  handsomer,  to  have  two 
ehiraney  pieces  of  a  moderate  use  than  a  single  one  exceedingly  large,  all  the  parts  of 
which  would  appear  clumsy  and  disproportioned  to  the  other  decoratimis  of  the  room.  ** 
It  is  well  so  to  place  the  chimney  as  that  persons  on  entering  a  room  may  at  once  see  it. 
In  this  climate  a  cheerfulness  is  imparted  by  the  sight  of  a  fire ;  but  it  is  not  to  be  so 
placed  as  to  be  opposite  a  door,  neither  ought  it,  if  posnble  to  be  avoided,  to  be  so  placed 
as  to  have  a  door  on  either  side  of  it.  There  are,  however,  circumstances  under  whidi 
even  the  last-named  category  cannot  be  avoided,  but  it  is  always  well  if  it  can.  Tbe  fiict 
is,  that  the  further  the  door  can,  generally  speaking,  be  removed  from  a  chimney,  the  better ; 
and  the  architect  must,  if  the  pliui  admit  it  (and  he  ought  so  to  distribute  his  parts),  avoid 
all  cross  draughts  of  air  in  a  room.  Angular  chimneys  are  only  admissible  in  small  rooms 
where  space  and  other  considerations  permit  no  other  means  of  introducing  a  chimney. 
We  can  hardly  think  it  necessary  to  say,  with  Chambers,  that  *<  whenever  two  chinmeys  are 
introduced  in  the  same  room  they  must  be  regularly  placed,  either  directly  filing  each 
other,  if  in  different  walls,  or  at  equal  distances  from  the  centre  of  the  wall  in  which  they 
both  are  placed.  He  observes,  however,  with  a  proper  caution  to  the  student,  that  ■*  the 
Italians  frequently  put  their  chimneys  in  the  fiiont  walls,  between  the  windows,  for  the 
benefit  of  looking  out  while  sitting  by  the  fire ;  but  this  must  be  avoided,  for  by  so  doing 
that  side  of  the  room  becomes  crowded  with  ornaments,  and  the  other  sides  are  leh  too 
bare ;  the  front  walls  are  much  weakened  by  the  funnels,  and  the  chimney  shafts  at  the 
top  of  the  building,  which  must  necessarily  be  carried  higher  than  the  ridges  of  the  roofi^ 
have,  from  their  great  length,  a  very  disagreeable  effect,  and  are  very  liable  to  be  blown 
down.**  All  these  objections,  however,  may  be  easily  answered,  and  the  funnels  collected, 
or  shafts,  as  they  then  become,  be,  with  skill,  made  even  ornamental  to  a  building.  It  is 
in  cases  like  these  that  the  power  of  the  architect  above  the  artisan  b  manifest. 

S79S.  Where  the  walls  of  a  building  are  sufficiently  thick,  their  funnels  rise  within  tbe 
thickness  of  the  walls,  but  in  walls  of  a  mean  thickness  this  cannot  be  accomplished,  for 
under  such  circumstances  the  walls  and  chimney  pieces  will  necesnuily  project  into  the 
rooms,  and  if  the  break  be  great,  the  effect  is  unpleasant ;  but  this  may  always  be  obviated 
by  making  arched  recesses  on  each  side,  which,  in  commoner  rooms,  may  be  occupied  by 
presses  or  closets,  thus  enabling  the  architect  to  carry  the  cornice  unbroken  round  the 
room,  a  point  which  diould  never  be  forgotten,  inasmuch  as  by  the  cornice  or  entablature 
of  the  apartment  being  carried  round  it  without  a  break,  which  gives  the  cdling  an  unbrok»i 
and  regular  form,  a  regularity  is  preserved  infinitely  more  satis&ctory  to  the  eye  than  the 
disagreeable  appearance  of  a  broken,  and,  we  may  say,  disjointed  cornice. 

2794.  Of  the  materials  employed  in  the  construction  of  chimney  pieces,  nothing  more  is 
requisite  than  to  say  that  the  costliness  of  the  material  must  follow  the  wealth  of  the 
founder  of  the  building.  Marble,  however,  is  the  material  usually  employed,  and  the 
various  sorts  known  are  not  unfrequently  intermixed,  so  as  to  produce  a  pleasing  effect. 
When  the  aid  of  the  sculptor  is  called  in,  much  latitude  is  allowed  in  the  proportions ;  but 
on  this  head  we  hope  we  may,  without  pr^'udice,  deliver  our  opinion,  that  the  effect  has 
never  amounted  to  anything  like  what  might  have  been  expected  from  his  extraneous  aid ; 
and  the  solution  is  easy :  his  object  is  not  to  produce  a  work  in  harmony  with  the  apart- 
ment, but  rather  to  exhibit  his  own  powers. 

2795.  In  the  external  appearance  of  chimney  shafts,  so  as  to  group  them  with  the 
building  to  which  they  belong,  no  architect  can  be  put  in  competition  with  Sir  John  Van- 
brugh.  Tliose  of  Blenheim,  Castle  Howard,  and  other  of  bis  buildings,  exceed  all  prais^ 
and  deserve  the  closest  investigation  of  the  student.  They  become  in  his  works,  as  they 
always  should  do,  parts  of  the  building,  inseparably  connected  with  it,  and  their  removid 
would  detract  from  the  migesty  of  the  structure  with  which  they  are  connected.  On  this 
point  we  are  certain  that  the  best  advice  that  can  be  given  to  the  student  is  a  constant 
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cootemplation  of  the  works  of  Vanbnigh.  In  these  dajs  there  seems  to  be  a  return  to 
good  feeling  in  this  respect ;  and  wie  hope  it  will,  for  the  credit  of  the  English  school,  be 
tullowed  up. 


SscT.  XXIII. 

STAiaCASBS. 


2796.  A  staircase  is  an  enclosure  formed  by  walls  or  partitions,  or  both,  for  the  reception 
of  an  ascent  of  stairs,  with  such  landings  as  may  be  necessary.  Of  the  construction  of 
stairs  we  have  treated  in  previous  sections ;  this  will  be  confined  to  general  observations  on 
them  and  their  enclosures. 

2797.  Scarcely  any  subdivision  of  a  building  is  of  more  importance,  as  respects  the 
character  of  the  architect  and  the  comfort  and  pleasant  occupancy  of  it  by  his  employer,  than 
its  principal  and  subordinate  staircases.  There  is,  moreover,  no  part,  perhaps,  in  which 
more  room  is  left  for  architectural  and  picturesque  display.  In  our  own  country  there 
are  some  extraordinary  examples  of  great  beauty  produced  in  staircases  on  comparatively 
small  scales;  whence  the  student  may  learn  that  without  great  space  he  may  produce  very 
imposing  effects.  One  of  these  may  be  still  seen,  though  in  a  very  neglected  state,  as  are 
most  of  the  buildings  attached  to  the  collegiate  church  of  Westminster,  at  one  of  the  pre- 
bendal  houses  there  built  by  our  great  master  Jones.  It  is  a  specimen  of  hu  consummate 
skill  as  an  artist,  and  well  worth  the  attention  of  the  student,  if  he  can  obtain  admittance  to 
view  it ;  but  if  he  cannot,  we  may  refer  him  to  some  plates  executed  from  drawings  made 
by  us  many  years  since,  and  published  in  the  first  and  best  edition  of  IJhutrationt  of  the 
Public  BuUdtMfft  of  London  (Lond.  1828).  The  extreme  space  occupied  by  the  staircase  in 
question  does  not  exceed  24  by  23  feet ;  and  within  these  small  dimensions  he  contrived  a 
staircase  fit  for  a  palace.  So  highly  did  the  late  Sir  John  Soane  think  of  this  bijou  that  he 
had  a  series  of  drawings  made  to  illustrate  its  parts,  and  exhibited  them  in  his  lectures  at 
the  Royal  Academy. 

2798.  It  b  almost  unnecessary  to  impress  upon  the  student  that  an  excess  rather  than  a 
deficiency  of  light  is  requisite  in  a  staircase,  and  that  it  should  he  easily  accessible  from  all 
parts  of  the  building.  Those  laws  upon  which  the  ease  of  persons  ascending  and  descending 
depend  will  form  the  subject  of  two  subsections  shortly  following  (2804.  and  2814.),  to  which 
we  particularly  recommend  the  reader's  attention.  Tliey  are  of  the  utmost  importance, 
and  we  record  with  surprise  that  they  have  not  been  attended  to  by  architects  generally  of 
late  years.  We  have  crept  up  staircases  in  houses  of  consequence,  which  deservea  little  more 
than  the  name  of  ladders,  and  we  are  sorry  to  say  that  this  defect  is  found  even  in  the  works 
of  Chambers  himself;  but  never  in  those  of  Jones  and  Wren.  We  shall  with  these  re- 
marks proceed  to  further  observations  on  the  subject,  which  has  already  been  partially 
touched  upon  in  2176.  et  teq, 

2799.  We  know  little  of  the  staircases  of  the  Greeks  and  Romans,  and  it  is  remarkable  that 
Vitruvius  makes  no  mention  of  a  staircase,  as  an  important  part  of  an  edifice ;  indeed  his 
silence  seems  to  lead  to  the  conclusion  that  the  staircases  of  antiquity  were  not  constructed 
with  the  luxury  and  magnificence  to  be  seen  in  more  recent  buildugs.  The  best  preserved 
ancient  staircases  are  those  constructed  in  the  thickness  of  the  walls  of  the  pronaos  of 
temples  for  ascending  to  the  roofs.  Of  tiiis  sort  renuuns  are  found  in  several  peripteral 
temples.  That  of  the  temple  of  Concord  at  Agrigentum  is  still  entire,  and  consists  of 
forty-one  steps.  According  to  Pausanias,  similar  staircases  existed  in  the  temple  of  the 
Olympian  Jupiter  at  Elis.  They  were  generally  winding  and  spiral,  like  the  inside  of  a 
shell,  and  hence  are  called  teale  a  lumaca  by  the  Italians,  and  by  the  French  escalien  en 
Umofom.  Sometimes,  as  in  the  Pantheon  at  Rome,  instead  of  being  circular  on  the  plan, 
they  are  triangular ;  so  were  they  in  the  temple  of  Peace,  and  in  the  baths  of  Dioclesian. 

2800.  Very  few  vestiges  of  staircases  are  to  be  seen  in  the  ruins  of  Pompeii  ;  from  which 
it  may  be  inferred  that  what  there  were  must  have  been  of  wood,  and,  moreover,  that  few 
of  the  houses  were  more  than  one  story  in  height  Where  they  exist,  as  in  the  building  at 
the  above  place  called  the  country  house,  and  some  others,  they  are  narrow  and  incon- 
venient, wiUi  steps  sometimes  a  foot  in  height.  Occasionally,  too,  we  find  private  staircases 
mentioned,  as  in  the  description  of  Pliny*s  Turculan  villa,  where  it  was  placed  by  tlie  side 
of  the  dining  room,  and  appropriated  to  the  use  of  the  slaves  who  served  the  repast. 

2801.  The  author  of  the  article  "  Escalier"  in  the  Encye.  Method,  observes  that  the  mag- 
nificence of  the  staircase  was  but  tardily  devd<qped  in  modern  architecture,  and  that  it  owed 
much  of  its  luxury  to  the  perfection  to  which  a  knowledge  of  stereotomy  brought  the 
science  of  masonry.  The  manners  too  and  the  customs  of  domestic  life  for  a  length  of 
time  rendered  unnecessary  more  than  a  staircase  of  very  ordinary  description.  Thus  in 
the  earliest  palaces  the  stnircascs  seem  to  have  been  constructed  for  the  use  of  the  inha- 
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bitants  only,  poMonng  in  ikct  no  more  beauty  than  ^e  How  give  to  a  baek  staircase.  Thej 
are  for  the  most  part  dark,  narrow,  and  inconvenient.  Even  in  Italy,  which  in  the  splen- 
dour of  its  buildings  preceded  and  surpassed  all  the  other  nations  of  Europe,  the  staircase 
was,  till  a  late  period,  extremely  simple  in  the  largest  and  grandest  palaces.  Such  ai«  the 
■taircaset  of  the  Vatican,  Bernini's  celebrated  one  being  comparatively  of  a  late  date.  The 
old  staircases  of  the  Tuilleries  and  of  the  Louvre,  though  on  a  considerable  scaler  are,  from 
their  simplicity,  construction,  and  situation,  little  in  unison  with  the  richness  of  the  rest 
of  these  palaces.  And  this  wss  the  consequence  of  having  the  state  apartments  oo  the 
ground  floor.  When  they  were  removed  to  a  higher  place,  the  staircase  which  oondtieted 
to  them  necessarily  led  to  a  correspondence  of  design  in  it. 

2802.  It  will  be  observed  that  our  observations  in  this  seeticm  are  confined  to  internal 
staircases.  Large  flights  of  steps,  such  as  those  at  the  THnitd  Hii  MwH  and  AraeaH  at 
Rome,  do  not  come  within  our  notice,  being  unrestricted  in  their  extent,  and  scarcely 
subject  to  the  general  laws  of  architectural  composition.  In  these  it  should  however  be 
remembered  that  they  must  never  rise  in  a  continued  series  of  steps  from  the  bottom  to  the 
summit,  but  must  be  provided  with  landings  for  resting  places,  as  is  usually  the  case  in  the 
half  and  quarter  spaces  of  internal  stairs.  An  extremely  fine  example  of  an  external  flight  of 
stairs  msy  be  cited  in  those  descending  from  the  terrace  to  the  orangery  at  Versailles;.  For 
simplicity,  grandeur,  design,  and  beauty  of  construction,  we  scarcely  know  anything  in 
Europe  more  admirable  than  this  staircase  and  the  orangery  to  which  it  leads. 

280S.  The  selection  of  the  place  in  which  the  staircase  of  a  dwelling  is  to  be  seated, 
requires  great  judgment,  and  is  always  a  diflicult  task  in  the  formation  of  a  plan.  Palladio, 
the  great  master  of  the  modems,  thus  delivers  the  rules  for  observance  in  planning  them, 
that  they  may  not  be  an  obstruction  to  the  rest  of  the  building.  He  says,  **  A  particular 
place  must  be  marked  out,  that  no  part  of  the  building  should  receive  any  prejudice  by 
them.  There  are  three  openings  necessary  to  a  staircase.  The  first  is  the  doorway  ibat 
leads  to  it,  which  the  more  it  is  in  sight  the  better  it  is ;  and  I  highly  approve  of  its 
being  in  such  a  place  that  before  one  comes  to  it  the  best  part  of  the  house  may  be  seen, 
for  luthough  the  house  be  small,  yet  by  such  arrangement  it  will  i^pear  larger :  the  door, 
however,  must  be  obvious,  and  easy  to  be  found.  The  second  opening  is  that  of  the  win- 
dows through  which  the  stairs  are  lighted ;  they  should  be  in  the  middle,  and  large 
enough  to  light  the  stairs  in  every  part.  The  third  opening  is  the  landing  place  by  which 
one  enters  into  the  rooms  above  ;  it  ought  to  be  hir  and  well  ornamented,  and  to  lead 
into  the  largest  plsces  first** 

2804.  **  SUurcases,**  continues  our  author,  -  will  be  perfect,  if  they  are  spacious,  light, 
and  easy  to  ascend  ;  as  if,  indeed,  they  seemed  to  invite  people  to  mount.  They  will  be 
clear,  if  the  light  is  bright  and  equally  diffused ;  and  they  will  be  sufllciently  ample^  if  they 
do  not  appear  scanty  and  narrow  in  pVoportion  to  the  size  and  quality  of  the  building. 
Nevertheless,  they  ought  never  to  be  narrower  than  4  feet**  (4  feet  6  inches  Elnglish  *),  •*  so 
that  two  persons  meeting  on  the  stairs  may  conveniently  pass  each  other.  They  will  be 
convenient  with  respect  to  the  whole  building,  if  the  arches  under  them  can  be  used  for 
domestic  purposes ;  and  commodious  for  the  persons  going  up  and  down,  if  the  stairs  *re 
not  too  steep  nor  the  steps  too  high.  Therefore,  they  must  be  twice  as  long  as  broad. 
The  steps  ought  not  to  exceed  6  inches  in  height ;  and  if  they  be  lower  they  must  be  so  to 
long  and  continued  stairs,  for  they  will  be  so  much  the  easier,  because  one  needs  not  lift 
the  foot  so  high ;  but  they  must  never  be  lower  than  4  inches.**  (These  are  Vicentine 
inches. )  **  The  breadth  of  the  steps  ought  not  to  be  less  than  a  foot,  nor  more  than  a  foot 
and  a  half.  The  ancients  used  to  make  the  steps  of  an  odd  number,  that  thus  beginning  to 
ascend  with  the  right  foot,  they  might  end  with  the  same  toot,  which  they  took  to  be  a 
good  omen,  and  a  greater  mark  of  respect  so  to  enter  into  the  temple.  It  wUl  be  suffiment 
to  put  eleven  or  thirteen  steps  at  most  to  a  flight  before  coining  to  a  half-pace,  thus  to  help 
weak  people  and  of  short  breath,  as  wdl  that  they  may  there  have  the  opportunity  of 
resting  as  to  prevent  any  object  falling  from  above  being  there  caught.**  We  do  not  pro- 
pose to  give  examples  of  other  than  the  most  usual  forms  of  staircases  and  stairs ;  tbeir 
variety  is  almost  infinite,  and  could  not  even  in  their  leading  features  be  compassed  in  a 
work  like  this.  The  varieties,  indeed,  would  not  be  usefully  given,  inasmuch  as  the  forms 
are  necessarily  dependent  on  the  varied  circumstances  of  each  plan,  calling  upon  the 
architect  almost  on  every  occasion  to  invent  pro  re  natd, 

2805.  Stairs  are  of  two  sorts,  straight  and  winding.  Before  proceeding  with  his  design, 
the  architect  must  always  take  care,  whether  in  the  straight  or  winding  staircase,  that  the  per- 
son ascending  has  what  is  called  Iteadway,  which  is  a  clear  distance  measured  vertically  flrom 
any  step,  quarter,  half-pace,  or  landing,  to  the  underside  of  the  ceiling,  step,  or  other  part 
immediately  over  it,  so  as  to  allow  the  tallest  person  to  clear  it  with  his  hat  on ;  and  this  is 
the  minimum  height  of  headway  that  can  be  admitted.  To  return  to  the  straight  and 
winding  staircase,  it  is  to  be  observed,  that  the  first  may  be  divided  into  twoftightB,  or  be 

•  The  Vicentine  foot  it  about  18>6  inches  BngUsh. 
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nud*  quite  (quwe,  ao  *»  to  turn  on  tbe  four  sides  rouod  >  close  or  opea  nevel,  u  in  fig.  995. 
in  vbieb  the  fbnoer  is  the  ease,  light  being  obtained  bv  windows  in  the  walls  which  enclose 
tbe  newel ;  or,  a*  in  fy.  996. ;  in  wbicb  case,  tbe  newel  la  open,  and  tbe  ligbt  may  be  received 
either  from  a  vertical  light  above,  or  from  side  windows  in  tbe  walls.  Palladio  sap  tbese 
two  sort*  of  stairs  were  invented  bjr  ^.  Lewis  Conuro,  a  gentleman  of  much  genius,  who 
erected  fbr  himself  a  magnificent  palace  at  Padua. 

9806.  Of  winding  or  spiral  stain,  sotae  are  circular  on  the  plan,  either  open  or  with  a 
solid  newel  \  others  elliptical,  also  witb  open  or  solid  newels.  Those  with  the  open  newel 
are  preferable,  because  of  their  allowing  the  staircase  to  be  lighted  additionally,  if  requisite, 
by  the  light  obtainable  ftom  above ;  besides  which,  persons  passing  up  and  down  nujr  see 
each  other.  Palladlo  thus  direets  the  setting  out  of  spiral  staircases.  "  Thoee,"  he  says, 
"  which  have  a  newel  in  the  middle  are  made  in  this  manner.  The  diameter  being  divided 
into  three  parts,  two  are  given  fbr  the  steps,  and  the  third  is  for  the  newel ;  or,  otherwise, 
the  diameter  may  be  divided  into  seven  parts,  three  of  which  are  for  the  newel  and  four 
for  the  steps.  "  Thus,"  he  says,  ■■  was  made  the  staircase  of  tbe  column  of  Tr^an  at  Rome  i 
and  if  the  stairs  are  made  circular, "  (that  is,  tbe  treads  segments  of  circles  on  tbe  plan,) 
■they  will  be  handsomer  and  longer"  (of  course)  "  than  if  made  straight " 

3§OT.  "  But  as  it  may  happen  that  the  space  will  not  give  room  for  these  measures, 
the  diameter  may  be  redueed  and  divided  according  to  the  plates."  The  essence  of  these 
plans,  omitting  ttie  step  whoee  plan  is  segmental,  we  here  subjtun. 

3806.  Fig.  997.  is  a  plan  and  sectitm  of  a  staircase  with  a  solid  newel,  in  which  the 
whole  diameter  ia  divided  into  thirteen  parts,  and  of  tbeea  four  are  given  to  the  newel, 
and  the  remainder  divided  equally  between  the  step*. 
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3S09.  Fif.  99S.  is  the  pUn  ud  Kction  of  a  aplnl 
the  diimeter  u  diiided  into  four  parts,  two  being  g 
equmlly  diTide^l  b«t««n  the  itept. 

SBia  Fid.  999.  ia  thepiuiuidwctionofuiellipliu]  iturcuewithanopen  newel.  Ttx 
conjugate  diameter  ii  divided  into  four  parta,  whereof  two  are  giTen  lo  llie  corrugate 
diameter  of  the  oewel,  and  the  remaindet  one  on  each  tide  to  the  itepa 

S8II.  Injig.  1000.  the  ume  staircaH  ii  given,  but  with  asolid  newel,  and  af  coum  re- 
quiring many  openings  on  the  sides  lo  light  iL 

9819.  It  is  not  the  difficulty  of  mullipljing  the  elamples  oT  staircam  which  preTcnts 
our  proceeding  on  this  head,  hut  the  space  into  which  our  work  is  to  be  condensed.  Eiwugh 
oreiample  has  been  given,  by  using  portions  ortbe  eiamplea,  to  meet  every  ease,  tbedeco- 
iation  being  dependent  on  the  design  of  the  architect,  and  the  distribution  on  his  good  setise 
in  the  application  of  what  we  have  submitted  to  him. 

2813.  There  is,  however,  one  important  point  in  the  construction  of  a  staireaar  to  which 
we  must  now  advert,  and  that  is  esnneis  of  ascent  Blondel,  in  his  Cmrt  d  Arrhilatan, 
«*,  we  believe,  tbe  tint  architect  who  settled  the  proper  relation  between  the  height  and 
width  of  steps,  and  his  theory,  for  the  truth  whereof,  though  it  bean  much  Rppeanmce  of 
it,  we  do  not  pledge  ounelves,  is  as  follows. 

Si8l4.  Lei  z^the  spice  over  which  a  person  walks  with  ease  npon  a  letel  plane,  and 
1 9  the  height  which  the  same  person  coum  with  equal  ease  ascend  vertically.  Then  if  Jl  be 
the  height  of  the  step,  and  b  its  width,  the  relation  between  k  and  v  must  be  sueb  that 
when  v^i,  h^o,  and  when  Jl  —  i,  ic^d.  These  conditions  are  fiilfllled  by  an  cqualiao  of 
the  form  A-'s(l-|'^.  Blondel  assumes  94  (French)  inches  for  the  value  of  x.  and  IS  for 
that  of  t.  We  are  not  suffieiently.  from  eiperiment,  eonrinccd  that  thsM  are  the  proper 
v(lue<i;  but.  following  him,  if  those  values  be  Bubstiiutcd  in  the  equation  A^^94  ~v>.  and 
■'-94-9A:  if  the  height  of  a  step  be  5  iiwhes,  its  width  should  be  S4-I0-14  inches; 
and  it  must  be  confessed  that  experience  seems  to  confirm  the  theory,  for  it  must  be  ob- 
served, and  every  person  who  h»  built  a  staircase  will  know  the  bet.  that  the  merely 


Saif.  EeonomT  hu  worked  ao  great  a  change  in  our  direllinga,  that  tbtir  ceilings  ore. 
oT  lala  yean.  liltle  more  than  miaerable  naked  sur&cea  or  plaster.  Tliis  wction,  therefore, 
will  poMtn  little  intereat  in  the  eje  of  ipeculaling  builden  of  the  wretched  houws  erected 
about  the  suburbi  of  the  iDetropolii.  and  let  to  unauspecting  tenants  at  rents  usually  about 
three  Itrae*  their  actual  nlue.  To  the  student  it  is  more  important,  inasmuch  aa  a  well- 
deaigned  ediing  is  one  of  the  most  pleasing  features  of  a  room. 

2816.  There  is,  perhaps,  no  type  in  architecture  more  strictly  useful  in  the  internal  distri- 
butioD  of  apartmenta  than  that  deriied  from  timber -framing ;  and  if  the  reader  hu  undenrtood 
our  seetinn  on  floors,  he  will  immediatelj  see  that  Ibe  natural  compartments  which  are  formed 
in  the  carpentry  of  a  floor  are  such  as  suggest  panels  and  omamenti  of  great  variety. 
Etch  a  sitigle-lTamed  floor  with  its  strutting  or  wind-pieces  between  the  joints,  givea  us 
the  bint  lor  a  ceiling  of  coflTers  capahlc  of  producing  the  happiest  eflect  in  the  mont  insig- 
nificant room.  If  Ihf  type  of  timber-framing  be  applied  to  the  dome  or  hemispherical 
ceiling,  the  inteniea  between  the  main  ribs,  diminishing  as  they  approach  the  summit. 
form  the  skeletons  of  the  cofTera  that  impart  beauty  to  the  Pantheon  of  i^grippn.  We 
allude  thus  to  tbe  type  to  inculcate  the  principle  on  which  ornamented  ceilings  are  designed, 
being  satiafied  that  a  reference  to  mich  type  will  insure  propriety,  and  bring  us  back  to  that 
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dieiiu  Of  bmuty.  If  the  puieli  of  ■  ceiling  be  formed  irith  reference  to  tbU  principle. 
ninielx,  bov  they  might  or  could  be  lecurely  fnmed  in  the  timbering,  the  dengn  will  be 
fit  Tot  the  purpoM,  ind  iti  e9«cl  will  latiify  Ibe  ipectUar,  howeiet  unable  to  account  (br 
the  pleaaure  he  Teceivet.  Whether  the  architrave  be  with  plain  iquare  pwieli  between  it 
■nd  the  wall,  u  in  the  templea  of  the  Egfptiani,  aiaiatalater  period  decorated  wi  lb  eoffen, 
for  inatanoe  id  the  Greek  and  Roman  temple,  the  principle  nemi  to  be  the  same,  and  TertGcs 
tbetbeOTf.  Thewriterof  the  article  "Plafond- in  the  fcHcycAfc^A.  has  not  entered  into  the 
■ubjeet  at  much  length,  nor  with  the  abllit;  diipia^ed  in  many  other  parts  of  that  work  ; 
but  he  especially  direct*  that  where  a  ceiling  ii  to  be  decorated  an  the  plai>e  surface  with 
painting,  the  compartments  should  have  referetiqe  to  the  construction-  With  tbeae  prdi- 
minar;  obeenrations,  we  shall  now  proceed  to  tbediOerent  forma  in  use-  Ceilinga  arc  either 
flat,  coved,  that  ii,  riiing  tiom  the  wall*  with  a  curve,  or  laulted.  The;  are  ■ometimes^ 
however,  of  contours  in  which  one,  more,  or  all  of  tbeae  forms  And  emploj-ment.  Wbea  a 
coved  ceiling  is  xised,  the  height 'of  the  core  is  rarel;  leas  than  one  fifth,  aod  not  more  than 
one  third  tbe  height  of  the  room.  This  will  be  mainlj  dependent  on  the  nasi  height  of 
tba  room,  for  if  that  be  low  in  proportion  to  its  width,  tbe  cove  must  he  kept  down  ;  when 
otherwise,  it  ia  advantageous  to  throw  height  into  tbe  cove,  which  will  make  the  eieeaa  of 
the  b«gbt  teat  apparent.  If,  however,  the  aichiteet  is  unrestricted,  and  the  proportioot 
of  the  room  are  under  bii  control,  the  height  of  the  cove  should  be  one  quarter  of 
tbe  whole  height.  In  the  ceilings  of  rooms  whose  figure  is  that  of  a  parallelt^Tam. 
tbe  centre  part  is  usuatl;  farmed  mto  a  large  flat  panel,  which  is  commonly  decmated 
with  a  flower  in  the  middle.  When  the  cove  ia  used,  Ibe  division  into  panels  of  the  ceil- 
ing will  not  bear  to  be  so  numerous  nor  so  heavy  m  when  the  culing  appeaia  to  rest  on 
the  walls  at  once,  but  the  same  sorts  of  figure*  may  be  employed  aa  we  shall  presently 
give  for  other  seilinga.      If  the  apartment  i*  to  be  bigbly  finished,  tbe  cove  ilaelf  ma;  be 


n  the  JI31. 1001, 1003,  1003, 1004,  lOOS,  1006.   In  all 

centre  panel  higher  tiian  the  rest,  and  the  mun  divi- 

timbers  in  flat  ceilings  should,  if  poaaible,  hll  in  the  centre  of  tbe 

3817.  Fiff.  10OT.  shows  the  ceiling  of  a  square  room  in  two  ways  aa  given  on  each  aide 
of  the  dotted  line,  or  it  may  be  considered  as  repreaenting  the  ends  of  a  ceiling  to  a  room 
whose  form  Is  that  of  a  parallelogram.  The  same  obaervMion  applies  to  Jlpi.  1008.  and 
1009,      The  soHtes  of  the  beams  should  m  all  easea  approach   the  width  they  would  be. 
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769 


PlK-lOOT. 


^.1008. 


Pl(.  1009. 


c  JDsldered  as  the  sofites  of  frieses  of  the  columns  of  the  order  to  which  the  cornice  belongs, 
and  they  may  be  decorated  with  guiloches,  as  iu^.  101  a,  or  with  frets.  (See  the  word 
•«  Fret  "in  Glossary.) 


FIff.  1010. 


2818.  In  the  two  following  fiffures  (101 1.  and  1012.)  are  given  four  examples  of  rooms 
rhicb  are  parallelograms  on  the  plan,  and  above  each  is  a  section  of  the  compartments. 


'.*    'v ;  *"  '*^^^ 


Pis.  1011 


Pig.  lOlS. 


2819.  As  to  the  proportion  of  the  cornice,  it  ousht  in  rooms  to  be  perhaps  rather  less 
than  in  halls,  salons,  and  the  exterior  parts  of  a  building ;  and  if  the  entablature  be  taken  at 
a  fifth  instead  of  one  fourth  of  the  height,  and  a  proportional  part  of  that  fifth  be  taken  for 
the  cornice,  it  cannot  be  too  heavy.  Perhaps  where  columns  are  introduced  it  will  be  better 
to  keep  to  the  usual  proportions.  Chambers,  if  followed,  would  make  the  proportions  still 
lighter  than  we  have  set  them  down.  He  says  that  if  the  rooms  are  adorned  with  an  entire 
order,  the  entablature  should  not  be  more  than  a  sixth  of  the  height  nor  be  less  than  a 
seventh  in  fiat-ceiled  rooms,  and  one  sixth  or  one  seventh  in  such  as  are  coved ;  and  that 
when  there  are  neither  columns  nor  pilasters  in  the  decoration,  but  an  entablature  alone, 
its  height  should  not  be  above  one  seventh  or  eighth  of  those  heights.  He  further  says 
that  in  rooms  finished  with  a  simple  cornice  it  should  not  exceed  one  fifteenth  nor  be  less 
than  one  twentieth,  and  that  if  the  whole  entablature  be  used  its  height  should  not  be  more 
than  one  eighth  of  the  upright  of  the  room.  In  the  ceilings  of  staircases  the  cornices  must 
be  set  out  on  the  same  principles ;  indeed  in  these,  and  in  halls  and  other  large  rooms,  the 
whole  of  the  entablature  is  generally  used.  In  vaulted  ceilings  and  domes  the  panels  are 
usually  decorated  with  panels  similar  to  those  in/igg.  1001,  1002,  1003,  1004,  1005,  1006., 
but  in  their  application  to  domes  they  of  course  diminish  as  they  rise  towards  the  eye  of 
the  dome.     (See  2837.) 


Sect.  XXV. 

raoroRTioKs  op  rooms* 

2820.  The  use  to  which  rooms  are  appropriated,  and  their  actual  dimensions,  are  the 
principal  points  for  consideration  in  adjusting  the  proportions  of  i^Murtments.  Abstractedly 
considered,  all  figures,  from  a  square  to  the  sesquialteral  proportion,  may  be  used  for  the 
plan.  Many  great  masters  have  carried  the  proportion  to  a  double  square  on  the  plan ; 
but  except  the  room  be  subdivided  by  a  break  the  height  is  not  easily  proportioned  to  it. 
This  objection  does  not  however  apply  to  long  galleries  which  are  not  restricted  in  length, 

3  D 
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on  which  Chambers  remarks,  **  that  in  this  case  the  extraordinary  length  renders  it  im- 
possible for  the  eye  to  take  in  the  whole  extent  at  once,  and  therefore  the  comparison  be- 
tween the  height  and  length  can  never  be  made.** 

2821.  The  ngure  of  a  room,  too,  necessarily  regulates  its  height.  If  a  room,  for  example, 
be  coved,  it  should  be  higher  than  one  whose  ceiling  is  entirely  flat.  When  the  plan  is 
square  and  the  ceUing  nat  the  height  should  not  he  less  than  four  fifths  of  the  aide  nor 
more  than  five  sixths ;  but  when  it  leaves  the  square  and  becomes  parallelogramic^  the 
height  may  be  equal  to  the  width.  Coved  rooms,  however,  when  square,  should  be  as  high 
as  they  are  broad ;  and  when  parallelograms,  their  height  may  be  equal  to  theb  width,  in- 
creased from  one  fifth  to  one  third  of  the  difference  between  the  leneth  and  width. 

2822.  The  height  of  galleries  should  be  at  least  one  and  one  third  of  their  width,  and  at 
the  most  perhaps  one  and  three  fifths.  **  It  is  not,  however,**  says  Chambers,  **  always 
possible  to  observe  these  proportions.  In  dwelling-houses,  the  height  of  all  the  rooms  on 
the  same  floor  is  generally  the  same,  though  their  extent  be  different ;  which  renders  it 
extremely  difficult  in  large  buildings,  where  there  are  a  great  number  of  difilerent-siaed 
rooms,  to  proportion  all  of  them  well.  The  usual  method,  in  buildings  where  beauty  and 
magnificence  are  preferred  to  economy,  is  to  raise  the  halls,  salons,  and  galleries  higher 
than  the  other  rooms,  by  making  them  occupy  two  stories ;  to  make  the  drawing-rooms  or 
other  largest  rooms  with  fiat  ceilmgs;  to  cove  the  middle-siaed  ones  one  third,  a  quarter,  or 
a  fifth  of  their  height,  according  as  it  is  more  or  less  excessive ;  and  in  the  smallest  apart- 
ments, where  even  the  highest  coves  are  not  sufficient  to  render  the  proportion  tolerable,  it 
is  usual  to  contrive  mezzanines  above  them,  which  afford  servants*  lodging-rooms,  baUia, 
powdering-roomi,'*  (now  no  longer  wanted  i)  **  wardrobes,  and  the  like ;  so  much  the  more 
convenient  as  they  are  near  the  state  apartments,  and  of  private  access.  The  Earl  of 
Leicester's  house  at  Holkham  is  a  masterpiece  in  this  respect,  as  well  as  in  many  others : 
the  distribution  of  the  plan,  in  particular,  deserves  much  commendation,  and  does  great 
credit  to  the  memory  of  Mr.  Kent,  it  being  exceedingly  well  contrived,  both  for  state  and 
convenience.*' 

2823.  In  this  country,  the  coldness  of  the  climate,  with  the  economy  of  th&  who  build 
superadded,  have  been  obstacles  to  developing  the  proper  proportions  of  our  apartments  ; 
and  the  consequence  is,  that  in  England  we  rarely  see  magnificence  attained  in  them.  We 
can  point  out  very  few  rooms  whose  height  is  as  great  as  it  should  be.  In  Italy,  the  rules 
given  by  Palladio  and  other  masters,  judging  from  their  works,  seem  to  be  sevenfold  in 
respect  of  lengths  and  breadths  of  rooms,  namely,  -^  1.  circular  i  2.  square ;  S.  the  length 
equal  to  the  diagonal  of  the  square ;  4.  length  equal  to  one  third  more  than  the  square ; 
5.  to  the  square  and  a  half;  6.  to  the  square  and  two  thirds ;  or,  7.  two  squares  full.  As 
to  the  height  of  chambers,  Palladio  says  they  are  made  either  arched  or  with  a  plain 
ceiling :  if  the  latter,  the  height  from  the  pavement  or  floor  to  the  joists  above  ought  to  be 
equal  to  their  breadth ;  and  the  chambers  of  the  second  story  must  be  a  sixth  part  less 
than  them  in  height.  The  arched  rooms,  being  those  commonly  adopted  in  the  principal 
story,  no  less  on  account  of  their  beauty  than  for  the  security  afforded  against  fire,  if  square, 
are  in  height  to  be  a  third  more  than  their  breadth ;  hut  when  the  length  exceeds  the 
breadth,  the  height  proportioned  to  the  length  and  breadth  together  may  be  readily  found 
by  joining  the  two  lines  of  the  length  and  breadth  into  one  line,  which  being  bisected, 
one  half  will  give  exactly  the  height  of  the  arch.     Thus»  let  the  room  be  12  feet  long 

and  6  fiset  wide,  -^  »  9  feet  the  height  of  the  room.     Another  of  Palladio's  methods  of 

proportioning  the  height  to  the  length  and  breadth  is,  by  making  the  length,  height,  and 
breadth  in  sesquialteral  proportion,  that  is,  by  finding  a  number  which  has  the  same  ratio 
to  the  breadth  as  the  length  has  to  it  This  is  found  by  multiplying  the  length  and  breadth 
together,  and  taking  the  square  root  of  the  product  for  the  height.  Thus,  suppo^ng  the 
length  9  and  the  breadth  4,  the  height  of  the  arch  will  be  V9  x  4s6,  the  height  required ; 
the  number  6  being  contained  as  many  times  in  9  as  4  is  in  6. 

2824.  The  same  author  gives  still  another  method,  as  follows :  —  Let  the  height  be 
assumed  as  found  by  the  first  rule  (  «9),  and  the  length  and  breadth,  as  before,  1 2  and  6. 
Multiply  the  length  by  the  breadth,  and  divide  the  product  by  the  height  assumed;  then 

=^>a  8  for  the  height,  which  is  more  than  the  second  rule  gives,  and  less  than  the  first. 
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CHAP.  II. 
COMBINATION    OF    PARTS. 


Sect.  I. 
oxVERAL  PEiircxrLxs  or  coMrosrrioK. 

S825.  Tax  end  of  architecture,  without  whose  aid  no  other  art  can  exist,  is  not  merely 
to  please  the  e  je,  but  so  to  provide  against  the  change  of  the  seasons  as  to  be  serviceable 
to  man.  Pleasure  to  the  eye  may,  however,  result  from  the  useful,  well  combined  with  the 
beautiful  modifications  whereof  it  is  susceptible.  It  is  in  combining  thus  that  the  genius 
of  the  architect  is  exhibited.  The  art  of  decorating  a  well-proportioned  edifice  is  a 
very  secondary  and  comparatively  easy  part  of  his  work,  though  requiring,  of  course,  the 
early  cultivation  of  his  taste  and  an  intimate  acquaintance  with  the  parts,  whereof  this 
may  be  taught  and  that  acquired ;  but  the  distribution  and  arrangement  of  the  several 
portions  on  the  plan,  upon  which  every  accessory  is  dependent,  requires  great  knowledge 
and  considerable  experience.  And  in  tiiis  is  involved  not  only  the  general  convenience  and 
effect  of  the  building,  but  what  is  of  much  consequence  to  the  proprietor,  the  cost  of  the 
work.  None  but  those  practically  conversant  with  the  planning  of  a  building  would  be- 
lieve the  saving  that  may  be  produced  by  proper  distribution.  In  the  case  of  many  external 
breaks,  for  instance,  much  addition  arises  in  the  length  of  walls  enclosing  the  edifice, 
without  generally  increasing  the  convenience  of  the  interior,  but  always  when  the  elevation 
comes  to  be  adapted  to  the  plan,  with  the  certainty  of  breaking  up  the  masses,  and  destroying 
the  simplicity  of  the  effect.  This  b  mentioned  merely  as  an  instance  of  simplicity  of  plan 
always  producing  simplicity  of  section  and  elevation.  The  luxury  and  richness  of  de- 
coration and  the  genenl  appearance  of  a  fafade  is  the  main  source  of  the  pleasure  derivable 
from  the  exercise  of  the  art,  by  persons  unacquainted  with  it;  and  it  is  curious  that  these  are 
the  (mly  matters  with  which  the  reviewer-critics  of  the  day  trust  themselves,  well  knowing 
how  quickly  their  ignorance  would  be  discovered  the  moment  they  should  pass  the  threshold, 
and  discourse  on  the  economy  and  distribution  of  a  building.  It  is,  indeed,  singular  in 
these  days  of  art-reviewing,  tiiat  for  the  last  twenty  years  not  a  single  paper  of  any  value  has 
appeared  in  any  of  the  periodicals,  in  which  the  writer  has  ventured  on  that  part  of  the 
subject.  The  fiict  is,  that  the  number  is  very  limited  of  those  who  can  comprehend  the  plan 
of  a  building,  or  who,  on  walking  over  it,  can  so  arrange  in  their  minds  the  distribution  of 
the  several  portions  as  to  have  the  smallest  notion  whether  it  has  been  skilfully  composed. 
The  spectator,  like  the  reviewer,  looks  at  the  fiifade,  perhaps  connects  it  in  an  angular 
view  with  one  of  the  flanks,  aays  it  is  heavy  and  mean,  or  grand  and  magnificent,  according 
to  his  temperament  and  education,  always  excusing  himself  by  admitting  he  does  not 
understand  architecture,  but  **  he  knows  what  pleases  him.'*  Now  we  doubt  whether  such 
persons  in  reality  do  know  what  pleases  them,  and  we  are  certain  they  would  be  more 
suited  for  judges  if  they  had  "  reason  for  the  fiuth  "  that  is  in  them. 

2896.  All  ornament  in  architecture  is  non-essential,  inasmuch  as  the  pleasure  received 
by  the  eye  is  not  its  end.  To  public  and  private  utility,  the  wel&re  and  comforts  of  indi- 
viduals, which  are  the  ends  of  the  art,  every  other  point  must  be  sacrificed ;  and  it  is 
only  when  these  have  been  accomplished  that  we  are  to  think  of  decoration.  We  well 
remember  the  time,  in  our  younger  days,  when  the  fayade  of  the  building  to  be  designed 
was  with  us  the  important  object  of  consideration.  We  have  lived  to  know  better; 
and  the  first  time  we  seriously  began,  now  many  years  »nce,  to  fall  away  from  the  error, 
arose  from  the  anecdote  told  of  a  certain  nobleman,  who,  having  boasted  of  the  beauty  of 
the  fii^ade  of  his  house,  which  within  was  exceedingly  ill  contrived,  to  Horace  Walpole, 
was  told  that  he  thought  the  peer  would  do  well  to  take  the  bouse  opposite,  that  he  might 
be  thus  always  able  to  look  at  it.  Those  who  make  the  internal  parts  of  an  edifice  sub- 
servient to  the  project  of  a  fit^ade,  and  adjust  their  plan  and  section  to  the  elevation,  must 
be  considered  as  making  the  end  of  less  importance  than  the  ornament  of  the  building. 
Tliose  who  work  in  this  mode  produce  little  variety  in  their  designs,  which,  numerous 
though  they  be,  consist  of  but  few  different  combinations,  whilst  those  that  result  from  the 
natural  order  of  making  the  fii^ade  subservient  to  the  internal  parts  which  the  plan  and 
section  impose,  are  susceptible  of  infinite  variety  and  decoration. 

28S7.  It  is  not,  however,  to  be  supposed  that  we  are,  in  what  has  been  said,  sanctioning 
the  student*s  n^lect  of  careful  composition  and  adjustment  of  the  fa9ades.  Upon  the 
adaptation  of  the  different  fronts  of  the  building  to  sort  with  the  internal  convenience^ 
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the  greatest  care  should  be  bestowed.  It  is  from  these  his  reputation  is  likely  to  flow,  be> 
cause  they  are  the  parts  most  susceptible  of  comprehension  by  the  public.  The  architect  will, 
upon  every  succeeding  day*s  experience,  find  that  the  two  objects  are  not  incompatible ; 
but  if  such  a  case,  which  is  possible,  arise,  he  had  fiur  better  sacrifice  the  fifi^ade,  consider- 
ing first  the  comforts  of  those  who  are  to  inhabit  the  house,  and  then  the  gratificatuNi 
of  those  who  are  only  to  look  at  it. 

52828.  Durand  has  well  observed  that  compositions  conducted  on  the  above  principles 
must  please.  **  Has  not  nature,**  says  that  audior,  *<  attached  pleasure  to  the  sati^iction  of 
our  wants,  and  are  our  most  lively  pleasures  other  than  the  satisfaction  of  our  most  press- 
ing wants  ?  These  wants  are  better  satisfied  in  the  interior  distribution  of  a  building  than 
in  the  exterior.**  Who  leaves  the  Pantheon  without  more  satisfiution  than  he  eipected 
from  the  view  of  the  portico,  fine  though  it  be  ?  Agidn,  faulty  as  are  both  St  Peter*s  and 
St.  Paul's,  wiU  any  one  who  understands  the  subject  aver  that  he  has  received  more  plea- 
sure from  their  respective  fa9ades  than  from  their  noble  interiors  ?  The  pleasurable  aenaa- 
tions  produced  by  both  are  entirely  dependent  on  their  interior  distribution.  But  when  we 
find  that  in  the  fbrmer  of  these  buildings  there  is  no  mockery  of  a  dome,  the  interior  and 
exterior  being  as  far  dependent  on  each  other  as  the  circumstances  of  construction  would 
permit,  whilst  the  dome  of  the  latter  is  worse  than  a  mockery,  the  interior  and  exterior 
domes  having  nothing  in  common  with  each  other,  the  last  bemg  no  more  than  a  timber 
leaded  appurtenance  to  the  fiibric.  Wren,  with  all  his  greatness,  for  great  he  was,  shrinks 
into  nothingness  by  the  side  of  Michael  Angelo,  although  the  external  form  of  the  dome  of 
London  be  more  elegant  than  that  of  the  Vatican.  This  is  a  strong  but  not  a  forced  illus- 
tration of  our  opinions,  the  good  sense  whereof  must  be  left  for  appreciatimi  to  our  readers, 
who,  we  doubt  not,  on  a  little  refiection,  will  concur  with  us. 

2829.  In  ninety-nine  cases  out  of  a  hundred  the  student  will  find  that  a  good  distribution 
of  his  plan  leads  him,  with  anything  like  ordinary  tact,  to  the  composition  of  good  seetions 
and  good  elevations,  far  better,  indeed,  than  he  could  arrive  at  by  pursuing  an  opposite 
course.  In  domestic  Gothic  architecture,  this  is  notorious,  for  in  Uiat  a  regular  distribu- 
tion of  the  openings  would  often  produce  the  tamest  and  least  picturesque  effoct  Hie 
Gothic  architects  placed  windows  internally  where  only  they  would  be  serviceable,  letting 
them  take  their  chance  in  the  exterior.  It  is  not  to  be  understood,  because  such  would  be 
rather  outr^f  that  this  method  will  exactly  suit  the  principles  of  composition  in  Italian  archie 
tecture ;  but  it  is  well  known  to  practical  men  that  a  required  opening  in  a  particular  place, 
instead  of  being  a  blemish,  may  be  converted  on  many  occasions  into  a  beauty.  Indeed,  it 
is  incontrovertibly  true  that  distribution  and  disposition  are  the  first  objects  that  should 
engage  the  architect's  sttention,  even  of  him  whose  great  aim  is  to  strike  the  attention  by 
ornament,  which  can  never  please  unless  its  source  can  be  traced  to  the  most  convenient 
and  economical  distribution  of  the  leading  parts.  Theorists  may  be  laughed  at,  but  it  does 
not  move  us,  nor  diminish  our  regret  to  see  many  architects  without  any  theory  than  that 
whereon,  in  an  inverted  position,  their  own  wild  fancies  are  grafted.  If  what  we  have 
stated  be  true,  and  from  the  nature  of  things  we  cannot  imagine  a  oontrovorsy  can  arise 
upon  our  observations,  the  talent  of  the  architect  is  to  be  estimated,  as  Durand  properiy 
observes,  according  to  his  solution  of  the  two  following  problems :  — 

First.     For  a  given  sum,  as  in  private  buildings,  to  erect  the  most  convenient  and  suit- 
able house  for  his  employer. 
Second.     The  requisites  in  a  building  being  g^ven,  as  in  public  buildings,  to  erect  it  at 
the  smallest  possible  expense. 

2830.  An  investigation  of  all  the  modes  of  accomplishing  these  desiderata  can  only  be 
fully  effected  in  a  work  of  much  larger  extent  than  this ;  but  we  have,  in  the  practical 
parts  of  our  volume,  so  prepared  the  reader,  that  he  will  not  generally  be  at  a  loss  in  respect 
of  the  construction  of  a  buUding,  whatever  its  nature  or  destination. 


Skct.  II. 
brawxkgs  nkcxssart  ik  composition. 


2831.  In  the  preceding  parts  of  the  work,  we  have  described  at  as  great  a  length  as 
could  be  necessary  the  different  parts  that  enter  into  the  composition  of  a  building,  such  as 
the  orders,  windows,  doors,  balustrades,  and  the  like,  which  may  be  compared  to  the  notes 
of  the  scale  used  in  musical  composition.  These  were  placed  in  the  foremost  rank  of  our 
arrangement,  otherwise  we  must  have  been,  as  it  were,  without  words  for  our  discourse  or 
notes^  for  the  symphony  we  would  produce.  We  have,  moreover,  under  the  section  on 
drawing,  given  such  general  hints  for  what  the  musician  might  technically  call  scoring 
them,  as  ought  to  leave  him  in  no  diflSculty  as  to  what  now  follows ;  and  we  have  arrived 
at  the  period  when  he  cannot  be  supposed  to  want  further  instructions  in  these  respects. 
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2832.  For  the  thorough  comprehension  of  a  projected  edifice,  at  least  three  drawings 
are  necessary,  the  plan,  the  §ectiony  and  the  elevaiion.  The  first  is  an  horizontal  section  of  it, 
the  second  the  vertical  section,  which  shows  the  building  as  if  it  were  cut  in  half,  and  that 
half  nearest  the  spectator,  removed  from  its  plan,  so  as  to  permit  the  inner  parts  to  become 
visible,  and  the  third  is  the  geometrical  appearance  of  the  front  represented  as  if  viewed 
from  an  infinite  distance,  in  which  no  convergence  of  the  lines  would  be  seen. 

2833.  In  making  a  design,  it  is  always  better  to  put 
the  general  idea  together  on  a  single  sheet  of  paper,  and 
consequently,  in  most  cases,  on  a  small  scale.  This, 
in  afterwards  making  the  drawings,  is,  as  may  be  ne- 
cessary, increased  in  size.  The  three  parts  being  drawn 
under  one  another,  as  shown  in  ^g,  1013.,  wherein  the 
middle  diagram  is  the  plan,  the  lower  one  the  section, 
and  the  upper  one  the  elevation.  By  thus  beginning  on 
a  single  sheet,  in  which  the  whole  is  before  the  eye,  the 
corresponding  lines  are  more  readily  transferred  from 
one  part  to  another.  Having  drawn  through  the  middle 
of  the  paper  the  vertical  A  A,  cut  at  right  angles  by 
the  horizontal  line  BB,  draw  the  required  centres  or 
axes  of  the  walls  CC  and  DD,  and  supposing  the  build- 
ing is  to  be  square^  with  the  same  opening  of  the  com- 
passes set  out  the  axes  of  the  return  walls  ££  and 
FF.  Having  determined  the  thickness  of  the  walls, 
one  half  may  be  set  out  on  each  side  the  axes,  as  in 
ee,ff,ce,  and  dd,  and  then  the  lines  showing  the  thick- 
nesses of  the  waUs  may  be  drawn.  The  width  of 
openings  in  the  walls  may  be  next  set  out,  half  on  each 
side  the  axes  BB  and  A  A,  first  drawn  towards  bb  and 
aOf  and  the  lines  drawn  to  their  places.  Having  thus 
proceeded,  we  shall  discover  that  not  only  has  the  plan 
been  drawn,  but  at  the  same  time  a  considerable  portion 
of  the  section  and  elevation.  To  distinguish  the  voids 
firom  the  solids,  the  latter  should  be  coloured  or 
hatched,  and  then  the  next  step  will  be  as  follows :  — 
Parallel  to  the  principal  axis  BB,  draw  the  ground  lines 
GG  and  GG.  From  these  lines  the  heights  of  the 
building,  its  cornice  and  openings,  may  be  set  up  in  the 
section  and  elevation ;  and  afterwards,  the  height  of  the 
roof  and  projection  of  the  cornice  having  been  de- 
termined, they  may  be  set  out  and  drawn.  In  the 
section,  as  in  the  plan,  it  is  usual  either  to  colour  or 
hatch  the  solid  parts,  as  we  have  done  in  the  figure. 

2834.  Simple  as  the  above  process  maybe,  it  contains 
the  whole  elementary  part  of  the  mechanical  process 
necessary  for  making  a  design.  It  might  have  been 
conducted  on  a  more  complicated  mass,  but  had  we  done 
so,  it  would  not  have  been  so  well  understood,  and  we 
therefore  deprecate  any  observations  on  the  simpleness 
of  our  process  by  those  who  have  been  brought  to  know 
these  things  by  practice  and  experience.  We  do  not, 
however,  feel  we  should  discharge  our  duty  before 
dosing  this  section,  without  a  censure  on  the  attempt 
to  convert  drawings  of  geometrical  elevations  and  sec- 
tions into  picturesque  representations,  because  such 
practice  is  not  only  ii\juriou8  to  the  art,  but  is  dishonest,  and  has  a  tendency  to  mislead 
the  architect's  employer ;  and  we  are  sorry  to  say  that  it  is  not  unfiequently  done  with 
such  a  view.  We  denounce  it,  and  without  hesitation  aver  that  the  casting  of  shadows 
on  a  design  is  only  admissible  for  the  purpose  of  showing  the  relative  depths  of  projecting 
parts ;  and  when  so  admitted,  the  medium  should  be  confined  to  Indian  ink  or  sepia,  and 
thrown  in  merely  in  masses,  the  apertures  being  just  slightly  filled  in  with  the  same 
colour. 
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Sbct.  III. 

CAISSONS   IN   CTLINDKICAL   AND   BSMISFHSRIGAL   YAULTZNO. 

28S5.  PrcYious  to  further  proceeding,  it  will  be  expedient  to  touch  on  the  method  of 
setting  out  the  eaitiona  or  sunken  panels  in  cylindrical  vaults  and  domes,  a  process 
required  almost  in  every  building  of  importance,  and  imparting  great  beauty  to  the  efieet 
of  the  interior  when  properly  introduced  :  it  is,  indeed,  one  of  the  elements  in  composing 
them,  and  must  therdbre  be  well  understood  hefore  the  student  can  succeed  in  developing 
his  ideas. 

2836.  In  setting  out  the  ribs  of  cylindrical  vaulting,  the  vertical  ones  are  sappoaed  as 
falling  on  supports  below  the  springing ;  but  if  such  supports  &11  too  wide  apiut,  the 
caissons  themselves  will  be  too  wide,  and  the  space  must  be  divided  into  a  greater  number ; 
in  which  case,  if  practicable,  an  odd  number  is  to  be  preferred,  taking  care  that  the  caissons 
are  not  too  much  reduced  in  width.  This,  however,  is  only  for  the  purpose  of  ascertaining 
roughly  how  many  caissons  may  be  used  in  the  circuit  of  the  vault ;  and  it  is  to  be  remem- 
bered that  they  must  be  of  an  odd  number,  because  a  tier  of  caissons  should  always  extend 


go 


□  □ 


Fig.  1014. 


Fix.  1015. 


along  the  crown  of  the  vault  Fig.  1014.  u  an  example  of  a  cylindrical  vanlt  wherein  the 
number  of  caissons  is  five.  A  is  one  half  of  its  transverse  section,  and  B  a  small  portion  of 
the  longitudinal  section.  The  width  of  the  ribs  between  the  caissons  is  one  third  of  tfaem ; 
hence,  if  the  number  of  caissons,  as  in  the  example,  be  five,  the  semi-arch  must  be  divided 
into  twenty -one  parts,  one  of  which  parts  will  be  the  width  of  a  rib,  and  three  will  be  given 
to  the  width  of  a  caisson.  As  we  have  just  observed,  a  caisson  is  always  placed  in  the 
centre,  we  shall  therefore  have  the  half-arah  ^l^+l+d  +  S  +  lmlO)  and  10|  x  2a91.  The 
vertical  lengths  of  the  sides  of  the  cussons  thus  found  will  regulate  the  horisontal  lengths 
of  their  sides,  inasmuch  as  they  should  be  made  square.  If  the  caissons  in  the  vault  be 
seven  in  number,  as  in  j^j/r.  1015.,  the  sofite  or  periphery  must  be  then  divided  into  twenty- 
nine  parts ;  if  their  number  be  nine,  into  thirty-seven  parts ;  and  so  on  increasing  by  eight 
each  step  in  the  progression.  The  caissons  may  be  single  or  double  sunk,  or  more,  accord- 
ing to  the  richness  required  $  their  centres  may  be  moreover  decorated  with  fiewNma^  and 
their  margins  moulded  with  open  enrichments.  Where  the  apartment  is  very  highly  orna- 
mented, the  ribs  themselves  are  sunk  on  their  fiice,  and  decorated  with  frets,  guiloebes,  and 
the  like,  as  mentioned  for  ceilings  in  Chap.  II.  Sect.  XXIV.  Durand,  in  his  Qmn 
tTArehiteetwe,  regulates  the  width  of  the  caissons  entirely  by  the  interaxes  of  the  columns  of 
the  building ;  hut  this  practice  is  inconvenient,  because  the  space  may  in  reality  be  so  great 
as  to  make  the  caissons  extremely  heavy,  which  is,  in  fiust,  the  case  in  the  examples  he  givea. 
2837.  In  the  case  of  dome  or  hemispherical  vaulting,  the  first  point  for  consideration  is 
the  number  of  caissons  in  each  horisontal  tier  <^  them ;  and  the  student  must  recoUect  that 
allowing,  as  before,  one  third  of  the  width  of  a  caisson  as  the  width  of  a  rib,  the  number 
of  parts  into  which  the  horizontal  periphery  (whereof  e'e*  on  the  plan  A  is  one  quarter,  and 
its  projected  representation  at  ee  on  the  section  B)  is  to  be  divided  (Jig,  1016.)  must  be 
multiples  of  4,  otherwise  caissons  will  not  fidl  centrally  on  the  two  axes  of  the  plan. 
Thus, 

A  dome  having  16  caissons  in  one  horisontal  tier  must  be  divided  into  64  parts. 

—  20  ditto  .....  80  ditto. 

—  24  ditto  .....  96  ditto. 

—  28  ditto  .....  112  ditto. 

—  32  ditto  .....  128  ditto. 

and  so  on  increasing  by  16  for  each  term  in  the  progression.  In  the  figure  the  number  of 
caissons  is  sixteen.  The  semi-plan  is  dirided  into  thirty-two  parts,  three  whereof  are  given  to 
each  caisson,  and  one  and  a  half  to  each  half-caisson  on  the  horisontal  axis  of  the  plan.   From 


Chai-.IL  caissons  IN  VAULTING. 

the  dinmoDi  (biu  obtuned  linea  ue  car- 
ried up  to  the  eRtioa  ab,ab,od,cd.  Ai 
the  projected  represenutiaiu  of  the  great 
dreln  of  a  iphcTt  arc  elUpKB,  if  from 

^paes  whose  tninnerse  diameters  are 
equal  to  the  sexai-dlameteT  of  the  sphere, 
tad  their  conjugate  aiea  deterimned 
tnna  ttie  pinnts  at  icterseetion  b,b,  d,d, 
we  shall  hare  the  lertieal  ndes  of  the 
eusaons.  'Hie  next  part  of  the  pmceBS 
is  to  ascertaio  the  ratio  of  diminutioD 
in  the  heights  of  the  tiers  of  caissons 
mt  Ihej  rise  towards  the  Tertei,  so  that 

Upon  a  Tertical  line  CC,  vhose  length 

is  equal  to  the  developed  length  of  the 

line    of  dome   tf,   or  in    other   words, 

wbosa  length  it  equal  to  one  quarter  of 

the  lencth  of  a  great  circle  of  the  sphere, 

to  the  nghl  and  left  of  C  set  out  at  p  and 

ff  the  half  width  of  the  caisson  obtuned 

from  the  plan,  and  make  ig,  V  equal 

to  one  third  of  the  eaisaon  for  the  width 

d  the  riba  on  each  side.      Draw  lines  to 

the  lertei  of  the  deielopement  from  Ai 

and  gg.    A  diagonal  Ai  being  then  drawn, 

the  boriionlal  line  ■'*  will  determine  the 

lower  edge  of  the  next  eaiiaon  upwards. 

Proceed  m  this  way  for  the  next  from  / 

and  BO  on.     The  heights  of  the  caiBons 

thus  obtained,  being  transferred  to  the  . 

section  on  the  quadnnt  ef,  will  give  the 

proportionate  diminutiDn  thereon  of  the  ' 

eainons  as  they  riae.      They  are  diacon-  f^  i^^^ 

tiaued,  and  the  dome  ii  left  phun,  when 

they  become  so  amall  as  to  lose  their  eShet  from  below,  and  indeed  they  could  nr 

a  certain  limit  be  executed. 


8838.  The  ditferait  elements  of  a  building  are  ranged  hy  the  side  of  or  abore  each  other, 
■od  in  desigaii^;  an  edifice  both  theaa  oomlnnations  must  be  kept  in  mind,  though  in  the 
study  ol  tbe  sul^ieet,  in  order  to  lighten  the  labour,  tbey  maT  be  separately  conaidered. 
Tile  two  epeeiei  of  di^tondoa  are  faoiiaontal,  as  in  plans,  and  Tertical,  as  in  sections  ind 
elerattom. 

S839.  Aa  respects  horixontal  disposition  ol  tbe  elements  of  a  ftbiio,  banning  with 
columna,  their  distance  in  the  same  adiflee  should  he  equal,  but  that  distance  may  be  varied 
as  cireumstancea  require.  In  buildings  of  small'  importance,  the  number  is  reduced  as 
much  M  posaible,  on  the  aeore  of  eoonomy,  by  increasing  the  distance  between  them  i  but 
in  public  buildings  tbey  should  be  introduced  in  greater  number,  as  contrihuting  to  the 
greater  solidity  of  the  edifice  by  aflbidii^  a  larger  number  of  points  of  support.      They 

3ht  not,  howerer,  to  be  at  all  introdoced  except  for  the  formation  of  porticoes,  galleriet, 
tbe  like  subdivisious.  The  least  distance  at  which  they  can  be  properly  placed  fi-om  a 
wall  is  that  which  they  are  apart  ftom  one  another.  This  distance,  indeed,  suit*  vdl 
enough  when  the  oolumna  m  moderately  wide  apart ;  but  when  the  intercolumniationi 
■re  small  compared  with  their  height  and  tbe  diameter  of  the  eolumns,  thetr  distanoe  from 
the  walls  in  porticos  must  be  increased,  otherwise  theae  would  be  much  too  narrow  br 
their  height,  aSbrdin^  shelter  neither  from  the  sun's  rays  nor  from  the  rain.  On  this 
•eeount,  under  such  circumstances,  they  may  be  set  from  the  walls  two  or  three  times  the 
*lJTTff'v**  between  the  axes  of  the  columns.  From  this  arrangement  will  result  an  agreeable 
and  suitable  proportion  betwevn  tbe  parts. 

9840.   The  oeiUng  of  a  poatico  may  be  level  with  the  under  nda  of  the  arthitrare,  or  it 
3  D  4 


776 


PRACTICE  OF  ARCHITECTURE. 


Book  III. 


may  be  sunk  the  depth  of  the  irchitraye,  which  may  return  in 'a  direction  towards  the  walia, 
thus  fomung  sunk  panels  in  the  ceiling,  or  the  sinking  of  the  panels  may  be  as  much  as 
the  whole  height  of  the  entablature,  whose  mouldings  should  then  be  carried  round  them. 
When  several  ranks  of  columns  occur  in  a  portico  the  central  part  is  sometimes  vaulted,  the 
two  central  columns  of  the  width  being  omitted.  The  method  of  disposing  pilasters  in 
respect  of  their  diminution  has  been  treated  of  in  a  former  part  of  this  work.  (267 1,  et  sey.) 

S841.  The  eiterior  walls  which  enclose  the  building  should  run  as  much  as  passible  in 
straight  continued  lines  from  one  angle  to  another ;  a  straight  line  being  the  shortest  that 
can  be  drawn.  The  internal  walls,  which  serve  for  subdividing  the  building  into  its  several 
apartments,  should,  as  much  as  may  be,  extend  from  one  side  to  the  opposite  one.  Where 
they  are  intercepted  by  openings,  they  should  be  connected  again  above  by  lintels  or  other 
means. 

884S.  In  Jig.  1017.  is  shown  the  method  of  forming  apian  or  hoiixontal  distribution,  and 
combining  it  with  the  vertical  distribution  in  the  section 
and  elevation.  The  thing  is  so  simple  that  it  can  hardly 
want  explanation.  The  equidistant  parallel  axes  being 
drawn  and  cut  at  right  angles  by  similarly  equidistant 
ones,  the  walls,  according  to  the  required  accommoda- 
tions, are  placed  centrally  upon  the  axes;  and  the 
columns,  pilasters,  &c.  upon  the  intersections  of  the 
axes.  The  door%  windows,  niches,  and  the  like  are  then 
placed  centrally  in  the  interaxes,  which  must  be  bisected 
for  that  purpose.  Above  and  below  the  horisontal  com- 
bination the  section  and  plan  are  to  be  drawn.  These 
vertical  combinations  are  infinite,  and  from  every  plan 
many  sections  and  elevations  may  be  formed.  The  figure 
exhibits  a  building  of  one  story  only,  with  a  central 
apartment  occupying  the  height  of  two  stories.  But  on 
the  same  plan  a  building  of  two  or  more  stories  may  be 
designed.  These  may  have  two  tiers  of  porticoes,  one 
above  the  other,  or  one  only  on  the  ground  story,  form- 
ing by  its  covering  a  terrace  on  the  first  floor;  or  a 
portico  might  receive  on  its  columns  the  walls  of  the 
next  story,  and  thus  become  recessed  from  the  main 
front.  So,  again,  the  stories  may  be  equal  in  height,  or 
of  different  heights,  as  circumstances  may  require.  The 
most  usual  practice  is,  above  a  basement  to  make  the 
succeeding  story  higher ;  but  above  a  principal  floor  the 
height  of  succeeding  ones  is  diminished.  The  method 
of  placing  orders  above  orders  does  not  require  that  any 
addition  should  be  made  to  what  has  been  said  on  that 
subject  in  Chap.  I.  Sect.  II.  of  this  Book,  and  by  the 
same  methods  arcades  over  arcades  may  be  conducted. 

2843.  Not  the  least  important  of  the  advantages  ns 
suiting  from  the  method  of  designing  just  submitted  to 
the  reader  is  the  certain  symmetry  it  produces,  and  the 
prevention,  by  the  use  of  these  interaxal  lines  on  each 
floor,  of  the  architect  fiilling  into  the  error  of  &lae 
bearings,  than  which  a  greater  or  more  dangerous  fiiult 
cannot  be  committed,  more  especially  in  public  build- 
ings. The  subterftige  for  avoiding  the  consequence  of 
fiilse  bearings  is  now  a  resort  to  cast  iron,  a  material 
beneficially  enough  employed  in  buildings  of  inferior 
rank ;  but  in  those  of  the  first  class,  wherein  every  part 
should  have  a  proper  point  of  support,  it  is  a  practice 
not  to  be  tolerated.  Neither  should  the  student  ever 
lose  sight,  in  respect  of  the  ties  he  employs  in  a  building, 
of  the  admirable  observation  of  Vignola  on  the  ties  and 
chains  proposed  by  Tibaldi,  in  his  design  for  the  bap- 
tistery at  Milan ;  **  Che  le  iabbriche  non.  si  hanno  da 
sostenere  coUe  stringhe ;  **~-  Buildings  must  not  depend 
on  ties  for  their  stability.  The  forgoing  figure  is  from 
Durand*8^  Precis  eTArekiteeture.  We  now  submit,  in  Jig, 
1 01 8.,  an  illustration  of  the  principles  of  interaxal  division 

from  the  celebrated  and  exquisite  Villa  Capra,  near  Vicensa,  by  Palladio^  wherein  it  will  be 
seen,  on  comparing  the  result  with  what  has  actually  been  executed,  how  little  the  design 
varies  from  it.     It  will  from  this  fdso  be  seen  how  entirely  and  inseparably  connected  with 
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the  boriionUl  are  the  vertical  combiiutiaiiii  in  Ihe  ko- 
tion  and  eletation,  the  void*  bUing  over  voids,  uid  the 
snlidsover  solids.  Whatever  the  eitent  of  Ihe  build- 
ina,  if  it  is  to  be  regular  and  syinnieliica]  in  ite  compo' 
sidun,  the  nrinciplea  are  applicable,  and  that  even  in 
used  ;  for,  supposing 
:he  design  ai  thongh 
Ihej  did  exist,  the  deiign  vill  prove  to  be  well  pro- 
portioned when  they  are  removed.  The  full  appli- 
cation of  the  principle*  in  queation  will  be  seen  in 
the  works  of  Dursnd,  the  Predi  and  Omrt  iTArcldttc- 
larc,  which  we  have  used  freely  j  and  where  we  have 
had  the  miaCbrtune  to  differ  from  that  author,  we  have 
not  adopted  him. 

£R44.  The  student  can  scarcely  conceive  the  infinite  . 
number  of  combinations  whereof  every  design  is  sus- 
ceptible by  the  employment  of  the  inleraial  system  ' 
here  brought  under  his  notice;  nather,  until  he  has 
tested  it  in  many  caaea,  will  he  believe  the  great 
mastery  in  design  which  he  will  acquire  by  its  use. 
In  the  temples  and  other  public  buUdings  of  Ihe  on- 
rients,  it  requires  no  argument  tu  prove  thai  it  was  the 
vital  principle  of  their  operations,  and  in  the  courts, 
cavacdia,  &e.  of  their  private  building?  it  is  sufflcienlly 
obvious  that  it  must  have  been  eiteiuively  used.  That 
ill  use  in  the  buildings  of  those  who  are  called  the 
Gothic  architects  of  the  middle  ages  was  imiversal,  a 
glance  at  them  will  be  sufficient  to  prove.  The  system 
of  triangles  which  appears  to  have  had  an  influence  on 
Ihe  proportions  c^  Ihe  early  cathedrals  may  be  traced 
to  the  same  source  (see  the  early  translation  of  Vitru- 
vius  by  Cffsar  Cesarianus),  and  indeed,  followed  up  to 
that  source,  would  end  in  the  principle  contended  for, 

SR45.  It  is  impoaaible  for  us  to  prove  that  tlie 
intemial  system  was  that  upon  which  the  revivers  of 
out  art  produced  the  oaloniihiog  examples  taanj 
whereof  are  cihibited  in  our  First  Bool ;  neither 
can  we  venture  to  assert  that  it  was  that  upon  which 
our  great  master  Palladia  designed  the  example  above 
given,  unquestioiubly  one  of  his  moat  elegant  works ; 
but,  to  say  the  least  of  the  coincidence  which  has  been 
proved  between  the  actual  design  and  the  theory  upon 
which  it  appears  to  have  been  founded,  it  is  a  very 
curious,  andj  if  not  true,  a  moat  extraordinary  circum- 
stance. Our  belief,  however,  is,  that  not  only  Pal- 
ladio  hut  the  masters  preceding  him  used  the  system 
in  question,  and  that  is  strengthened  by  the  mode 
(not  strictly,  ve  allow,  analogous)  in  which  Scomouir 
in  the  tenth  chapter  of  bis  third  book,  directs  the 
student  to  adopt  in  buildings  sealed  on  plots  of  ground 
whose  sides  ore  irregular. 

Sfl46.  To  Dunnd,  nevertheless,  the  publio  is 
greatly  indebted  for  the  insltuctioo  be  has  imparted 
to  the  student  in  his  PrAat  itArchiltctim  more  espe- 
cially, and  we  regret  that  in  our  own  country  the  art 
is  treated  hy  its  professor?  too  much  in  the  manner 
oT  a  trade,  and  that  the  scramble  aflcr  commissions 
has  prevented  their  occupation  upon  works  similar  to 
thow  wliicb  have  engaged  the  attention  of  professors 
on  the  continent.  The  fault,  hpwever.  is  perhaps  not, 
after  all,  so  much  attributable  to  them  as  to  a  govenn 
ineni,  whatever  the  party  in  power,  till  within  the  last 

five  years  (nay  percliance  even  now)  totally  indifferent  lo  the  sucecaa  of  the  fine  arts,  whose 
palmy  days  here  were  under  the  reign  of  the  unfortunate  <!Iharlea.  Our  feelings  on  this  sub- 
ject, and  love  tor  our  art,  betray  us  perchance  too  much  into  expressions  uniuilable  to  the 
subject  under  connderation,  and  thereon  we  entreat,  therefore,  ^e  patience  of  our  readers, 

^47.   Our  limiu  preclude  the  further  enlargement  on  this  pari  of  the  subject,  whiuli  in 
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d*tul  would  occupy  Uw  pafa  of  ■  Mpaiatc  •rork,  and  which,  indeed,  from  it*  natun, 
could  not  be  eihauHed.  We  tnurt,  bowerer,  enougb  bu  bean  given  to  oooduet  tbe  Btudoit 
on  tbe  wajr  to  a  right  undentanding  of  thii  part  of  tbe  lawi  of  eompoatiaiL 


SB4B.  'nw  lub^Tiuoiu,  apartmenti,  or  pottiona  whereof  a  building  coniisti  are  ■Imoat  at 
many  as  the  elenwnti  that  Hparately  eompoee  thero:  tbej  may  be  lanked  ai  portieoea, 
porchei,  Tcatibulei,  iturcaaei,  halls,  galleries,  saloiki,  chambcn,  oourta,  &c-  &c.  All  theie 
are  but  ipacea  ancloaed  with  walU,  open  or  covered,  but  mostly  the  latter,  aa  the  case  may 
require.  When  eoreied,  tbe  object  U  accomplished  by  vaulu,  floors,  terraces,  or  n»&. 
In  some  of  them,  eolumns  are  employed  to  relieve  tbe  bearing  of  tbe  parts  above,  or  to  di- 
mintsb  tbe  thrust  of  the  vaulting.  The  horisontal  forms  of  these  apartments  —  a  general 
name  by  which  we  shall  designate  them,  be  their  application  what  it  may  —  are  usually 
squares,  parallelogiams,  polygons,  circle*,  eemicircle*,  &c. ;  their  rise,  of  course,  varying 
with  the  service  whereto  they  are  applied.  Some  will  require  only  one,  two,  or  three  inter- 
aial  divisiiHii ;  others,  five,  seven,  or  more.  It  ii  only  these  last  In  which  columDa  become 
useful  t  and  to  luch  only,  therefore,  the  system  is  usetully  applied.  Tbe  part*  whereof  we 
■pe«k  may  belong  to  either  public  or  private  buildings  :  the  former  are  generally  coafined 
to  a  UDgle  itory,  and  are  oovered  by  vaults  of  equal  or  different  spans  ;  the  latter  have 
usually  several  storie*,  and  are  almost  invariably  covered  witb  rools  or  Hats. 

SH49.  When  columns  are  introduced  into  any  edifice  to  diminiah  the  action  of  the  vaults 
and  increase  tbe  reeiatattce  to  their  Ihruat,  tbe  choice  of  the  specie*  of  vault  must  be  well 
I£for  example,  the  vault  of  a  square  apartment  {fy.  1019.)  of  fire  btermial 


divinaiu  be  covered  with  a  quadrangular  dome,  or,  in  other  worda,  a  quadrantal  cav«, 
mitred  at  each  angle,  twelve  columns  would  be  required  for  its  support.  If  the  vault  were 
cylindrical  Ify.  103O.)  eight  columns  only  would  be  necesaary  ;  but  if  the  form  of  the 
covering  be  changed  to  the  groined  arch  (fy.  1031.),  four  columns  only  will  be  required. 
Supposing  a  room  of  unular  form  on  the  plajl  contained  seven  interaxal  diviiioiu  each  way, 
twenty  columns  must  be  employed  for  the  coved  vault,  twelve  columns  for  that  whose 
covering  was  semi-cylindrical,  and  adll  but  four  for  the  groined  vault-  It  is  obvious,  therefore, 
keeping  economy  in  mind,  that  the  conuderation  and  well  weighing  of  tbia  n^attcr  is 
most  important,  inasmuch  as  under  ordinary  circumstances  we  find  it  possible  to  make  four 
columns  perform  the  office  of  twelve  and  even  tweaty-  Here,  again,  we  have  proof  of  tbe 
value  of  the  interaxal  aystem,  whose  combinations,  a*  we  have  in  the  previous  section  ob- 
served, are  infinite.  But  the  importance  of  the  subject  becomes  still  more  interesting  when 
wc  find  that  economy  i*  inaeparable  from  that  arrangement  whose  adoption  insures  stability 
and  symmetry  of  the  parts.  These  are  considerations  whereof  it  is  the  duty  of  the  archi- 
tect who  values  his  reputation  and  character  never  to  lose  aight.  If  honour  guide  him  not, 
the  commission  wherewith  he  is  intrusted  had  belter  have  been  handed  over  to  tbe  mere 
builder, —  we  mean  tbe  respectable  builder,  who  will  honestly  do  his  best  for  bis  employer. 

\   Whst  occurs  in  square  apartments  occurs  equally  in  those  that  are  oblong,  for  the 

■e  is  but  tbe  element  of  the  last.  If  it  happen  Chat  tram  tbe  inteiaial  divi^ons 
the  length  of  an  oblong  or  parallelogram,  the  subdivisiona  will  not  allow  of  three 
bays  of  gnuna,  it  does  not  follow  that  tbe  arrangement  must  be  defective,  tot  one  may  be 
obtained  in  the  middle  hay.  In  subdiviaions  of  width,  allowing  five  interaies,  at  least  four 
column*  would  be  saved,  and  in  those  of  seven  interaiea  eight  columns  might  be  diapeiued 
with.    (  See  jliF.  1022.) 

SBSI.  When  tbe  subdivisions  on  the  plan,  supposing  it  not  square,  take  in  five  interaiea 
which  in  the  longitudinal  extent  of  the  B)WHment  include  several  bayi  of  rroins,  whose  num- 
ber must  always  be  odd,  one  column  is  suffinent  to  tec^ve  each  springmg  of  the  arch,  but 
In  thoee  of  seven  interaxal  divisiana  two  columns  will  be  neceaaary.     (Seej^.  1033,  A.) 

S858.   If  tbe  vaulting  be  on  a  large  scale,  its  weight  and  thrust  are  neoeaaarily  increased. 
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■nd  the  eoluiniu  ma;   be  chuwed  into  piUMeta  eofmeeta 
Jig.  1084.1  01  a  II  in  the  pncediiig  figure. 

S85S.  The  height  of  the  aparcment  from  the  Boor  to  tbe 
finind  three  intermiea  in   aputmenU   wh«e  boriioolal 
aod  fbur  ud  ■  half  for  tiie 
the  pUn.      Where  the  cod] 
jun  mentioned  afford  the  bcilit;  of  Ughling  tbe  larger 
one,  u  at  B  in  fig.  1033. 
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9S54,  Sometime*  the  springing  ii  from  the  «all>  tliemeelTea,  ■■  at  C,fig.  10SS.>  imtead 
of  from  the  eolumna  u  at  L.  The  Grst  of  thew  arrangemcDls  ahould  be  permitted  onlj 
when  m  nil<  with  the  apartment  there  is  another,  D,  wherein  the  tpriogingi  are  from 
colunma.  When  the  apartment  la  the  last  of  tbe  luit,  the  springiogs  muat  be  irom  pieia 
or  columns,  one  interaiii  at  leASl  btssa  the  wall.  If  all  these  maltera  are  well  undentood, 
as  also  the  sections  upon  the  orders,  and  upon  the  diffkreat  elementary  parts  of  a  building, 
a  graphic  combination  has  been  eatablisbed  bj  which  we  shall  be  much  uded  in  the  com- 
position or  design  of  all  torts  of  buildings,  and  enabled,  with  little  trouble,  and  In  a  much 
iborter  period  c/time  than  b;  any  other  process,  to  deugn  easily  and  intelligently*.  To  do 
more  distinguishes  the  man  of  genius  frton  the  man  who  can  be  taught  only  up  to  a  certain 


eally  combined  in  the  aereral  apartments,  which  may  be  conside 
position,  we  shall  now  show  its  application  in  the  leading  fbrms  or  great  dinnons  of  the  plan. 
Keejring  in  mind  the  adTsntage,  upon  which  we  hate  before  touched,  of  srranging  the  walls  of 
buildings  ss  much  as  possible  in  straight  lines,  we  should  also  equally  endeavour  to  dispose 
the  primnpal  apartmeDia  on  the  same  aies  in  each  direction.  Upon  first  thoughts  the  stu- 
dent may  think  that  a  want  of  variety  will  result  from  sueh  arrangement,  but  upon  proper 
vefleetion  he  will  in  this  respect  be  soon  undeceived.  Hie  ccKnbinatians  that  may  be  made 
of  tbe  different  principal  dies  are,  as  above  stated,  numberless,  that  is,  of  those  sjes  whereon 
the  parts  may  be  adrantageously  plved  so  as  to  suit  the  rarioos  purposes  to  which  the 
building  is  destined,  paying  ^so  due  regard  to  tbe  nature  of  the  ground  whereon  tbe 
fabric  is  to  be  erected 
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8856.  Let  ua,  for  exAinple»  take  a  few  only  of  the 
combinations  which  may  be  formed  from  the  aimple 
•quare,  as  in  the  first  sixteen  diagrams  oi  Jig.  10S5., 
bj  dividing  it  in  both  directions  into  two,  three, 
and  four  parts.  The  thick  lines  of  the  diagrams 
may  be  CMwidered  as  representing  either  walls  or 
suits  of  apartments,  in  which  latter  ease  the  open 
spaces  between  them  become  courts.  In  reference 
also  to  the  vertical  combinations  connected  with  the 
dispositions  in  question,  some  parts  of  them  may  con- 
sist of  one,  other  parts  of  two  and  three  stones,  as 
well  for  additional  accommodation  of  the  whole  build- 
ing to  its  purpose  as  for  producuig  variety  of  out- 
line in  the  elevation.  Ii|  as  in  some  of  the  dia- 
grams, we  omit  some  of  the  axes  used  for  the  divi- 
sion, such  omissions  produce  a  new  series  of  subdivi. 
sions  almost  to  infinity.  By  this  method  large  edifices 
may  be  most  advantageously  designed ;  it  enables  us 
to  apply  to  the  different  leading  axes  the  combinations 
suitable  to  the  destination  of  the  building.  Considered 
however  as  merely  an  exercise  for  the  student,  the  use 
of  it  is  so  valuable  that  we  do  not  believe  any  other 
can  be  so  beneficially  employed  by  those  masters  who 
profess  to  teach  the  art.  We  have  not  gone  into  the 
subdivisions  of  the  circle  in  detail,  contenting  ourselves 
with  the  two  most  obvious  dispositions.  These  arc 
susceptible  o^  as  great  variety  as  the  square,  observing 
however  that  the  leading  axes  must  be  concentric. 

2857.  Following  up  the  method  just  proposed,  let 
us  imagine  a  design  consisting  of  a  certain  number  c^ 
similar  and  dissimilar  parts  plaeed  in  certain  relations 

to  each  other.  Now,  having  fixed  clearly  in  our  mind  the  relative  situations  of  the  several 
parts  and  the  mode  by  which  they  are  connected  with  each  other,  we  shall  have  a  distinct  per- 
ception of  the  work  as  a  whole.  We  may  abbreviate  the  expression  of  a  design  by  a  few 
marks,  as  in^?^.  10S6.,  wherein  the  crosses  represent  square  apartments,  and  the  simple  lines 
arc  the  expressions  of  parallelograms,  whose  relative  lengths  may  be  expressed  by  the  lengths  of 
the  lines.  The  next  step  might  be  to  ex- 
pand these  abbreviations  into  the  form  [ 
given  in  fig.  1 0S7 . ,  on  which  we  naay  indi-  ' 
cate  by  curves  and  St.  Andrew's  crosses, 
as  dotted  in  the  diagram,  the  way  in  which 
the  several  apartments  are  to  be  covered. 

S858.   We  may  now  proceed  with  the 
design ;  but  first  it  will  be  well  to  consider 

one  of  the  apartments,  for  which  let  one  of     —I 

the  angles  B  be  taken  (see  fig.  1027.  and 
1028. ).  Suppose  it,  for  instance,  to  be  five  "*'  '^"•• 

or  any  other  number  of  interaxal  parts  square.  This,  then,  will  be  the  width  of  the  apartments 
whose  forms  are  that  of  a  parallelogram ;  and  inasmuch  as  in  this  apartment  the  diameter 
of  the  vault  will  be  diminished  by  two  interaxes,  which  results  from  the  use  of  the  four 
angular  columns,  the  groined  vault  will  be  of  the  width  of  three  interaxes,  and  the  same 
arrangement  will  govern  the  rest  of  the  apartments.  In  the  centre  an  open  court  is  at- 
tendant on  the  disposition,  as  indicated  by  the  diagram.  The  section  which  is  the  result 
of  the  combination,  subject  however  to  other  regulation  in  the  detail,  is  given  under  the 
plan  of  the  figure,  and  the  elevation  above  it  entirely  depends  upon,  and  is  r^^ated  by, 
the  joint  combination  of  the  plan  and  section.  The  example  is  given  in  the  moet  general 
way,  and  with  the  desire  of  initiating  the  student  in  the  theory  of  his  art.  The  building 
here  instanced  might  serve  some  public  purpose,  such  as  a  gallery  for  the  reception  of 
painting  or  sculpture,  or  at  least  give  the  hint  for  one ;  but  our  object  is  not  to  be  mis- 
understood, —  we  seek  only  to  give  the  tyro  an  insight  into  the  principles  of  compontion. 

2859.  It  is  not  our  intention  to  enter  further  on  the  variety  which  follows  the  metliod  of 
designing,  of  which  the  forgoing  are  only  intended  as  hints ;  but  we  cannot  leave  the 
subject  without  submitting  anoth^  example  for  the  study  of  the  reader.  Our  desire 
is  that  of  establishing  general  principles,  whereof  fig.  1029.  is  a  more  complete  illus- 
tration than  those  that  have  preceded  it.  The  abbreviated  form  of  the  horisontal  difqpasition 
is  shown  at  A,  and  in  B  it  is  further  extended,  and  will  be  found  to  be  very  similar  to  that 
of  No.  15.  in^^.  1025.     In  the  example  the  interaxal  divisions  are  not  drawn  through  the 
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plan,  but  it  will  be  imnwdUtelj  wen  thit  tbn  ipue  allotted  to  the  whole  witttb  of  the 
■liartmenti  ii  thiee  in  number.  In  the  centre  ■  circulv  apartmeot  u  iDtrodtjced  and 
covered  •rith  ■  dome,  vhich  might  hare  been  raiced,  in  the  vertical  combination,  another 
Etorf,  and  thus  hare  added  mare  nugtsty  to  the  eleiation.      And  here  we  repeat,  thai  in 
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designing  buUdingi  of  more  than  one  story,  (for  it  oannot  be  too  often  impreeaed  on  the 
mind  of  the  student,)  the  combination  of  the  ▼ertical  with  the  horiiontal  distribution  will 
suggest  an  infinite  ▼ariety  of  features,  which  the  artist  msy  mould  to  his  fency,  although  it 
must  be  so  restrained  as  to  make  it  subservient  to  the  rules  upon  which  fitneas  depends. 

2860.  We  close  the  chapter,  not  without  regret,  (because  the  subject  is  pleasant  to  us, 
but  a  treatite  would  not  fully  carry  out  the  principles  inculcated,)  with  an  example  from 
Durand  in  perspective  The  general  plan,  A,  fig.  1030.,  will  be  found  similar  to  No.  11. 
in  fig,  1025. »  and  the  distribution  may  be  a  good  practice  for  the  student  to  develope.  It  ia 
an  ezcellait  example  for  exhibiting  of  what  plastic  nature  are  the  buildings  which  the 
▼ertical  combinations  will  admit  as  baaed  on  those  which  are  horiiontal. 


CHAP.  III. 

PUBLIC    BUILDINGS. 


Sect.  I. 

OXKSaAL  OBSKKTATIOVt   ON   rUBUC   AMD   PSIVATX   BUILDDVOS. 

3861.  This  chapter  will  be  devoted  to  such  remarks  on  public  and  private  buildings  as 
may  be  neceraary  to  guide  the  architect  in  their  general  composition.  To  enter  into  a 
detail  of  each  would  be  impossible,  neither  indeed  could  it  be  useful,  for  there  are  rarely 
two  buildings  destined  to  the  same  purpose  which  could  be  erected  exactly  similar.  More 
or  less  accommodation  may  be  required  in  one  than  another.  The  site  may  not  be  suitable 
for  the  reception  of  similar  buildings.  A  city  will  require  very  different  buildings  as  to 
magnitude  from  those  necessary  for  a  town,  besides  many  other  considerations  which  will 
immediately  occur  to  the  reader. 

2862.  In  designing  public  and  private  buildings  the  first  object  of  the  arcfaiteet  is  to 
make  himself  acquainted  with  the  uses  for  which  the  building  is  destined,  and  the  con- 
sequent suitableness  of  the  design  for  its  purpose.  He  must  enter  into  the  spirit  which 
ought  to  pervade  the  buUdins,  examining  and  ac^usting  with  care  those  qualities  which 
are  most  essential  to  the  end  proposed.  Thus,  though  solidity  be  an  essential  in  all 
buildings,  it  is  more  especially  to  be  attended  to  in  lighthouses,  bridges,  and  the  like.  In 
hospitals,  not  only  must  the  site  be  healthy,  but  the  interior  must  be  kept  wholesome  by  ven- 
tilation and  other  means.  In  private  houses  almost  everything  should  be  sacrificed  to  the 
convenience  and  comfort  of  the  proprietor.  Security  is  an  essential  in  the  design  and  con- 
struction of  prisons.  Cleanliness  in  markets  and  public  slaughter-houses,  which  we  hope 
will,  on  every  account,  be  ultimately  established  in  suburbs,  and  not  in  the  heart  of  every 
great  town  of  the  empire.  Stillness  and  tranquillity  should  be  provided  for  in  places  of 
study;  cheerfulness  and  gaity  must  be  the  feelings  with  which  the  architect  arranges 
places  of  public  amusement  The  next  step  wiU  be  to  consider  whether  the  building 
should  consist  of  a  single  mass,  and  whether  it  will  be  necessary  that  the  whole  should  be 
solid,  or  whether  it  should  open  interiorly  on  one  or  more  courts  or  quadrangles ;  whether 
the  different  solid  parts  should  communicate  with  or  be  separate  fW>m  each  oUier.  He 
must  also  consider  whether  the  building  will  abut  immediately  on  the  public  way,  or  be 
placed  away  from  it  in  an  enclosure ;  whether,  moreover,  all  the  solid  parts  should  or 
should  not  have  the  same  number  of  stories. 

2863.  From  the  whole  the  architect  must  pass  to  the  different  parts  or  divisicms,  deter- 
mining which  of  them  should  be  principal  and  which  subordinate ;  which  should  be  near 
and  which  distant  fix>m  each  other,  and  consequently  their  relative  places  and  dimensicms ; 
how  they  should  be  covered,  whether  by  vaulting  or  flooring ;  if  the  former,  what  afpecies 
of  vault  should  be  selected,  and  whether  the  bearing  of  the  timbers  or  the  extent  of  the 
vault  will  require  the  aid  of  intermediate  columns.  Under  these  considerations,  the  sketch 
being  made,  the  interaxal  divisions  of  each  apartment  set  out  and  written  thereon,  the 
architect  may  add  them  together,  and  thus  ascertain  the  whole  number  of  interaxal  divisions, 
so  that  he  may  see  that  thev  can  be  contained  on  the  given  site.  This  done,  he  should 
take  care  that  none  of  the  mteraxes  are  too  wide  or  too  narrow  compared  with  the  scale. 
Should  that  be  the  case,  the  number  of  interaxal  divisions  must  be  increased  or  diminished 
accordingly,  either  throughout  or  in  those  parts  wherein  the  arrangem^it  is  defective. 

2864.  As  the  number  of  interaxes  is  greater  or  less  in  the  apartments,  so  we  may  now 
determine  the  order  to  be  used  below  the  springing  of  the  arches.      On  a  sketch  thus 
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conducted  we  shall  have  little  more  to  do  than  to  determine  the  profiles,  ornaments,  and 
other  detail  that  the  edifice  requires.  The  student,  by  pursuing  the  course  thus  pointed 
out,  will  soon  find  his  prepress  much  advanced  in  the  facility  and  success  of  designing.  It 
is  the  course  indicated  by  common  sense  as  much  in  the  study  of  the  art  as  in  the  com- 
position of  designs,  both  of  which  are  but  an  uninterrupted  series  of  obserrations  and 
reasonings. 


Sect.  II. 
BRinoxs. 

2865.  Unless  the  design  for  a  bridge  be  triumphal  (a  species  now  quite  out  of  use),  the 
composition  can  scarcely  possess  too  much  simplicity.  If,  indeed,  in  the  design  of  a  bridge 
we  strictly  adhere  to  the  principles  which  regulate  its  convenience,  stability,  and  economy, 
it  will  possess  every  beauty  that  can  be  desired.  It  is  clear,  therefore,  that  all  applications 
of  columns  to  the  piers  of  bridges  will  &11  und^  our  severest  censure.  They  can  be  of  no 
service  to  the  fitbric,  and  are  therefore  unsuitable  and  absurd;  their  use  moreover  is  a 
great  waste  of  money,  hence  they  are  violations  of  an  economical  disposition  in  the  design. 
We  may,  for  illustration  sake,  point  to  the  last  bridge  of  importance  erected  in  this 
country,  viz.  London  Bridge,  which  is  well  and  properly  designed  in  compariscm  with 
Waterloo  Bridge,  which,  though  not  behind  the  other  in  the  requirites  of  strength  and 
solidity,  is  inferior  in  the  unfortunate  application  of  columns  to  its  piers.  Had  they  been 
omitted,  the  deserved  reputation  of  the  engineer  under  whose  designs  it  was  executed  would 
have  been  greatly  increued,  were  his  reputation  and  well-earned  fame  in  jeopardy.  The 
same  comparison  may  be  made  between  Uie  bridge  at  Neuilly  and  that  of  Louis  XVI.,  now 
the  bridge  de  la  Concorde.  In  the  last  decoration  is  attempted,  in  the  former  it  is  avoided  : 
the  last  is  hideous,  the  first  agreeable. 

2866.  There  are  certain  rules  respecting  bridges  which  must  not  be  lost  nght  of,  whereof 
the  principal  one  is,  that  their  direction  must,  if  possible,  be  at  right  angles  to  the  stream, 
and  in  the  line  too  of  the  streets  which  they  connect  on  the  opposite  banks  of  the  stream. 
From  a  want  of  regard  to  these  points  many  unfortunate  blunders  have  been  committed, 
which  a  prodigal  expenditure  of  public  money  will  not  afterwards  rectify,  as  we  have  seen 
in  the  operations  consequent  on  the  rebuilding  of  London  Bridge.  We  allude  to  this 
point  without  the  intent  of  blaming  the  parties  concerned,  but  rather  as  a  beacon  to  warn 
future  authorities  of  the  rock  on  which  they  may  be  wrecked. 

5867.  We  had  almost  determined  not  to  have  introduced  the  section  now  under  our  pen, 
from  the  circumstance  of  the  course  of  employment  of  the  architect  having  latterly  been  so 
changed  in  fovour  of  the  engineer ;  but  on  reflection  we  have  thought  it  proper,  however 
short  the  notice,  to  say  at  least  a  little  on  the  subject,  which  may  be  useful,  from  the  engineer, 
strictiy  speaking,  having  but  rarely  the  views  in  his  designs  of  an  accomplished  artist ;  and 
we  say  this  without  the  smallest  feeling  against  or  disrespect  to  the  very  able  body  of  men 
called  engineers  in  this  country.  On  the  equilibrium  of  arches  and  their  piers,  which  are 
the  chief  parts  of  a  bridge,  we  have  in  a  previous  part  of  the  work  already  spoken,  and  so 
for  explained  our  views  on  those  points  as  to  render  further  discussion  here  unnecessary. 
In  most  of  the  bridges  of  the  ancients  the  arches  were  semicircular,  in  those  of  modem  date 
they  have  been  segmental  or  semi-elliptical.  The  last  two  forms  are  very  much  more 
suitable,  because  of  the  freer  passage  of  the  stream,  especially  in  the  case  of  floods. 

5868.  In  the  bridge  at  Pavia,  over  the  Terino,  which  is  of  an  early  period,  and  also  a 
covered  bridge,  (a  practice  useless  perhaps,  but  not  uncommon  in  Italy  and  other  parts  of 
the  Continent,)  the  arches  are  pointed ;  a  form  very  fovourable  in  every  respect,  and  most 
especially  so  in  rivers  subject  to  sudden  inundations,  but  unfovourable  certainly  in  cases 
where  the  span  of  the  arch  is  required  to  hsve  a  large  width  in  proportion  to  its  height. 
But  the  bridge  just  named  has  no  conmion  comparison  with  the  ancient  bridge.  The 
effect  resultant  iVom  its  disposition  is  nevertheless  satisfiictory  and  magnificent,  which 
abundantly  proves  that  forms  and  proportions  have  less  influence  in  producing  beauty  than 
have  the  qualities  of  propriety  and  simplicity. 

2869.  The  position  of  a  bridge  should  be  neither  in  a  narrow  part  nor  in  one  liable  to 
swell  with  tides  or  floods,  because  the  contraction  of  the  waterway  increases  the  depth  and 
velocity  of  the  current,  and  may  thus  endanger  the  navigation  as  well  as  the  bridge 
itself.  It  is  the  common  practice,  except  under  extraordinary  circumstances,  to  construct 
bridges  with  an  odd  number  of  arches,  for  the  reason,  among  many  others,  that  the  stream 
being  usually  strongest  in  the  middle,  ^^ress  is  there  better  provided  by  the  central  arch. 
Further,  too,  if  the  bridge  be  not  perfootiy  horixontal,  synmietry  results  by  the  sides  rising 
towards  the  centre,  and  the  roadway  may  be  made  one  continued  curve.  When  the  road< 
way  of  a  bridge  is  horizontal,  the  saving  of  centring  for  the  arches  is  considerable,  because 
two  sets  of  centres  will  be  sufficient  for  turning  all  the  arches*     If,  however,  the  bridge  be 
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higher  in  the  middle  than  at  the  extremities,  the  arches  on  each  side  of  that  in  the  centre 
must  diminish  simiUurlj,  so  that  they  may  be  respectively  sjrmmetrical  on  each  side  of  the 
centre.  From  this  diq>o*ition  beauty  necessarily  results,  and  the  centring  for  one  of  the 
sides  equally  suits  the  other.  A  bridge  should  be  constructed  with  as  few  arches  as 
possible,  for  the  purpose  of  allowing  a  hen  passage  for  the  water,  as  well  as  for  the  vessela 
that  have  to  pass  up  and  down  the  stream,  not  to  mention  the  saving  of  materials  and 
labour  where  the  piers  and  centres  are  fewer  in  number.  If  the  bridge  can  be  constructed 
with  a  single  arch,  not  more  should  be  allowed.  The  piers  must  be  of  sufficient  solidity  to 
resist  the  thrust  of  the  arch,  independent  of  the  counter  thrust  from  the  other  arches ;  in 
which  case  the  centring  may  be  struck  without  the  impendent  danger  of  overturning  the 
pier  left  naked.  The  piers  should  abo  be  spread  on  their  bases  as  much  as  possible,  and 
should  diminish  gradually  upwards  from  their  foundations.  The  method  now  usually 
employed  for  laying  the  foundations  is  by  means  of  coffer-dams,  which  are  large  enclosures 
formed  by  piling  round  the  space  occupied  by  the  pier  so  as  to  render  it  water-tight,  after 
which  the  water  is  pumped  out,  and  the  space  so  enclosed  kept  dry  till  the  pier  is  built  up 
to  the  average  level  of  the  water.  When,  however,  the  ground  is  loose,  to  the  method  men- 
tioned recourse  cannot  so  well  be  had ;  and  then  caissons  must  be  employed,  which  are  a 
species  of  flat-bottomed  boat,  wherein  the  pier  is  built  up  to  a  certain  height  and  then  sunk 
over  the  place  where  it  is  intended  to  remain,  the  bed  of  the  river  having  been  previously 
dredged  out  to  receive  it,  or  piles  driven  on  which  it  may  lodge  when  the  sides  <^  the  chest 
or  caisson  are  knocked  away.  The  centre  should  be  so  constructed  as  to  be  unsusceptible 
of  bending  or  swerving  while  the  arches  are  in  the  course  of  construction,  or  its  form  will 
be  crippled.  Wc  have  diverged  a  little  from  the  limits  by  which  this  section  should  have 
been  circumscribed,  because  no  other  place  in  the  work  allowed  us  to  offisr  the  practical 
observations  here  submitted  to  the  reader. 


SZCT.  III. 
CHURCHES. 


S870.  The  churches  whereof  we  propose  speaking  are  not  such  as  the  present  com- 
missioners for  building  churches  in  this  country  sanction,  but  true  good  churches,  such  as 
appeared  here  under  the  reign  of  Queen  Anne ;  true  honest  churches,  one  whereof  is  better 
than  a  host  of  the  brick  Cockney- Gothic  things  that  are  at  present  patronised,  wherein  the 
congregations  are  crammed  to  suffocation  and  not  accommodated.  These,  therefore,  we  shall 
leave  to  the  care  of  the  peculiar  school  in  which  they  originated,  and  the  society  to  whom 
they  more  properly  belcmg,  to  speak  of  buildings  that  deserve  the  name.  Neither  do  we 
think  it  useful  to  inquire  into  the  designs  of  the  temples  of  the  ancients,  seeing  that  pa- 
ganism has  passed  away,  never  to  return.  The  largest  of  these  temples  compared  to  the 
cathedrals  of  the  modems  was  but  a  small  aflBur. 

2871.  The  early  Christian  worship,  attended  by  large  congregations,  required  for  its 
exercise  edifices  whose  interiors  were  of  great  extent  and  well  lighted.  Nothing  was  so  well 
adapted  for  the  purpose  as  the  basUice,  which,  bearing  the  name  fit>m  their  resemblance  to  the 
ancient  courts  of  justice,  were  raised  for  the  purpose.  Such  was  that  of  St.  Paul  without 
the  walls  of  Rome  (Jiff9»  141.  and  143.),  the  ancient  St  Peter's,  and  many  others.  That  of 
S.  Giovanni  Laterano  was  divided  by  four  ranks  of  columns,  which  supported  the  walls, 
carrying  the  roo&  of  five  aisles  formed  by  the  ranks  of  columns,  the  middle  one  or  nave 
being  wider  and  higher  than  the  others.  Each  aisle  being  lower  than  that  adjoining 
parting  from  the  centre,  admitted  lights  to  be  introduced  in  the  several  walls.  The  direction 
of  the  length  of  the  nave  and  aisles  was  from  east  to  west,  and  was  crossed  by  a  transverse  nave 
called  a  transept  from  north  to  south.  In  front  an  ample  porch  or  portico  was  provided 
for  the  assembling  of  the  people,  and  for  their  shelter  from  the  seasons.  The  disbibution 
we  have  just  described  was,  as  we  have  moitioned  in  an  earlier  part  of  this  work,  the  type 
of  the  Gothic  cathedral,  though  it  passed  through  two  or  three  steps  before  the  adaptation 
assumed  the  magnificence  that  would  have  been  displayed  in  the  church  at  Cologne  had 
that  structure  ever  been  completed. 

S872.  The  portico  we  consider  essential  to  any  building  which  deserves  the  name  of  a 
church,  not  less  on  account  of  the  beauty  it  imparts  to  the  edifice  than  for  its  use. 

S87S.  The  use  of  the  modern  church  being  the  same  as  that  of  the  first  Christian  basi- 
licse,  it  may  be  doubted  whether  for  extremely  large  assemblies  a  better  disposition  could 
be  chosen.  The  desire,  however,  of  novelty,  says  Durand,  induoed  Bramante  to  imitate 
the  temple  of  Peace  in  the  design  for  the  new  church  of  St  Peter,  although  that  building 
was  less  a  temple  than  a  pubUc  depot  or  treasury  destined  by  Vespasian  to  receive  the 
spoib  from  Judea.  The  desire,  moreover,  continues  that  author,  of  surpassing  the  ancients, 
by  gathering  into  a  single  edifice  the  beauties  of  several,  induced  the  same  architect  to 
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crown  the  edifice  imitated  from  the  temple  of  Peace  with  another,  imitated  from  the  Pan- 
theon ;  and  in  this  country  the  same  sort  of  thing  was  done  by  Wren  in  St.  Paul's. 

2874.  It  is  easy  to  perceive  that  these  buildings  are  not  so  well  calculated  for  worship 
as  the  ancient  basilicas.  The  obstruction  to  seeing  and  hearing  caused  by  the  large  piers 
of  the  modem  churches  is  a  great  defect  when  compared  with  the  little  obstruction  that 
the  columns  of  the  basilica  present.  But  this  is  not  the  only  blemish  in  the  cathedral  of 
Italian  origin,  as  may  be  shown  from  the  &ct  of  basilicas  of  the  time  of  Constantine  being 
still  in  existence;  whilst  the  church  of  St.  Peter,  erected  long  posterior,  to  that  period, 
would  in  this  day  have  been  a  heap  of  ruins,  but  for  the  enormous  repairs  constantly  be- 
stowed on  the  fabric,  and  the  iron  chabis  with  which  the  dome  has  been  girt.  The  cost  is 
another  serious  objection  to  them,  most  especially  in  the  construction  of  their  domes,  which 
are,  with  their  tambours,  buildings  deficient  in  real  solidity,  from  the  large  portion  of 
false  bearing  they  must  involve ;  creating  a  very  different  sensation  to  that  experienced  in 
viewing  the  louvre  of  a  Gothic  cathedral,  to  which,  without  being  insensible  to  the  beau- 
ties of  St  Peter*8,  St.  Paul's,  and  other  buildings  of  the  class,  we  do  not  hesitate  to  give 
the  preference. 

2875.  The  fitcilities  of  designing  a  church  on  the  principle  of  the  basilica  will  be  ob- 
viously those  of  interaxal  divisions,  and  will  not  require  further  developement.  The  same 
method  will  be  useful  in  designing  the  smaller  parish  church,  with  its  nave  and  an  aisle  on 
each  side,  which  is  not  only  the  most  economical,  but  the  best  form.  It  was  that  which 
best  pleased  Sir  C.  Wren,  whose  churches  are  generally  so  planned ;  and  we  shall  here  give 
a  short  account  of  one  of  his  best  of  this  form,  that  of  St.  James's,  Westminster,  whose 
interior  is  worthy  of  all  praise.  It  is  an  excellent  example  of  Wren's  love  of  harmony  in 
proportions ;  the  breadth  being  half  the  sum  of  its  height  and  length,  its  height  half  its 
length,  and  its  breadth  the  sesquialtera  of  its  height :  the  numbers  are  84,  63,  and  48  feet. 
The  church  is  divided  transversely  into  three  unequal  parts,  by  a  range  of  six  columns  on 
each  side  the  nave,  forming  aisles  which  are  each  one  fifth  of  the  whole  breadth,  the  re- 
maining three  fifths  being  given  to  the  breadth  of  the  nave.  The  roof  is  carried  on  these 
columns,  and  is  as  great  a  proof  of  the  consunmiate  skill  of  the  architect  as  any  portion  of 
the  fabric  of  St  Paul's,  on  account  of  its  extreme  economy  and  durability.  It  is  not  further 
necessary  to  describe  the  building ;  but  the  observations  of  the  architect  upon  it  are  of  the 
utmost  value,  emanating  from  such  a  man,  to  the  church-builders  of  the  present  day,  if  it 
be  possible  to  reclaim  them  from  their  pasteboard  style.  **  I  can  hardly  think  it  possible;*' 
says  our  architect,  *'  to  make  a  single  room  so  capacious,  with  pews  and  galleries,  as  to  hola 
above  two  thousand  persons,  and  all  to  hear  the  service,  and  both  to  hear  distinctly  and  see 
the  preacher.  I  endeavoured  to  effect  this  in  building  the  parish  church  of  St.  James's, 
Westminster,  which,  I  presume,  is  the  most  capacious,  with  these  qualifications,  that  hath 
yet  been  built ;  and  yet  at  a  solemn  time,  when  the  church  was  much  crowded,  I  could 
not  discern  from  a  gallery  that  two  thousand  were  present  In  this  church  I  mention, 
though  very  broad,  and  the  middle  nave  arched  up,  yet  as  there  are  no  walls  of  a  second 
order,  nor  lanterns,  nor  buttresses,  but  the  whole  roof  rests  upon  the  pillars,  as  do  also  the 
galleries,  I  think  it  may  be  found  l>eautiiul  and  convenient,  and,  as  such,  the  cheapest  of  any 
form  I  could  invent"  On  the  place  of  the  pulpit  in  a  church  of  this  class,  the  same  architect 
continues :  **  Concerning  the  placing  of  the  pulpit,  I  shall  observe,  a  moderate  voice  may 
be  heard  fifty  feet  distant  before  the  preacher,  thirty  feet  on  each  side,  and  twenty  behind 
the  pulpit ;  and  not  this,  unless  the  pronunciation  be  distinct  and  equal,  without  losing  the 
voice  at  tiie  last  word  of  the  sentence,  which  is  commonly  empbatical,  and  if  obscured 
spoils  the  whole  sense.  A  Frenchman  is  heard  ftirther  than  an  English  preacher,  because 
he  raises  his  voice,  and  not  sinks  his  last  words.  I  mention  this  insufferable  fiiult  in  the 
pronunciation  of  some  of  our  otherwise  excellent  preachers,  which  schoolmasters  might 
correct  in  the  young,  as  a  vicious  pronunciation,  and  not  as  the  Roman  orators  spoke :  for 
the  principal  verb  is  in  L^tin  usually  the  last  word ;  and  if  that  be  lost,  what  becomes  of  the 
sentence?'*  Speaking  of  the  dimensions  of  a  church,  the  following  are  Wren's  own  words, 
after  stating  that  a  proposed  church  may  be  60  feet  broad,  and  90  feet  long,  **  besides  a 
chancel  at  one  end,  and  the  belfry  and  portico  at  the  other."  "  These  proportions,"  he  says, 
«( may  be  varied ;  but  to  build  more  room  than  that  everj  person  may  conveniently  hear 
and  see,  is  to  create  noise  and  confusion.  A  church  shoula  not  be  so  filled  with  pews,  but 
that  the  poor  may  have  room  enough  to  stand  and  stt  in  the  alleys,  for  to  them  equally  is 
the  gospel  preached.  It  were  to  be  wished  there  were  to  be  no  pews,  but  benches ;  but 
there  is  no  ttemming  the  tide  of  projlt,  and  the  advantage  of  pew-keepers ;  especially,  too, 
since  by  pews  in  the  chapels  crease  the  minister  is  chiefly  supported."  We  shall  close  the 
section  by  the  following  quotation  from  the  same  admirable  artist  Quaint  though  the  lan- 
guage now  seem,  and  simple  as  the  mind  of  the  writer,  it  is  of  great  value,  and  would  be 
respected  by  any  but  commissioners  for  building  cnurches.  **  As  to  the  situation  of  the 
churches,  I  should  propose  they  be  brought  as  forward  as  possible  into  the  larger  and  more 
open  streets,  not  in  obscure  lanes,  nor  where  coaches  will  be  much  obstructed  in  the  passage. 
Nor  are  we,  I  think,  too  nicely  to  observe  east  or  west  in  the  position,  unless  it  falls  out 
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properly :  such  front*  at  ■hall  happen  to  lie  loost  open  in  view  ahould  be  «Mlonied  with 
porticoes,  both  for  beauty  and  convenience ;  which,  together  with  handsome  apires  or  lan- 
terns, rising  in  good  proportion  above  the  neighbouring  houses,  (of  whidi  I  bnve  given 
several  examples  in  the  city,  of  different  forms,)  nuy  be  of  sufficient  ornament  to  the  Cown, 
without  a  great  expense  for  enriching  the  outward  walls  of  the  churches,  in  wbidi  plninoeas 
and  duration  ought  principally,  if  not  wholly,  to  be  studied."  Such  are  the  eommon-seoae 
remarks  of  a  man  of  whom  tliis  country  has  to  be  proud,  but  who  died  neglected,  the  com- 
mon fate  of  all  artists  who  do  not  minister  to  the  vanity  of  their  employers. 

2876.  Churches  are  usually  constructed  on  the  plan  of  a  Greek  ero$B,  which  is  that 
wherein  the  length  of  the  transverse  part,  or  transept,  is  equal  to  that  of  the  nare ;  of  a 
Latim  cro»»,  wherein  the  nave  is  longer  than  the  transept ;  in  rotondo,  where  the  plan  is 
a  circle ;  ttiapfe,  where  the  church  has  only  a  nave  and  choir ;  with  aiaUt,  when  a  subdivision 
occurs  on  each  side  of  the  nave;  and  those  with  aisles,  as  we  have  above  seen)  may  have  man 
than  one  of  such  aisles  on  each  aide  of  the  nave. 


Sbct.  IV. 

PALACIB. 


8877.  We  regret  that  in  this  country  we  can  ofler  no  model  of  a  palace  for  the  student. 
Windsor  Castle,  with  all  its  beauties,  which  however  consist  more  in  site  and  scenery  than 
in  the  disposition  of  a  palace,  will  not  assist  us.  A  palace  is  properly  an  edifice  destined 
not  only  for  the  residence  of  the  sovereign  or  prince,  but  for  the  reception  also  of  persons 
who  have  the  privilege  of  public  or  private  audience.  It  being  impossible  for  the  whole 
of  the  parties  to  be  present  together,  besides  the  apartments  which  are  occupied  by  the 
sovereign  and  his  family,  there  must  be  ample  room  and  apartmoits  for  the  attendants  in 
waiting  of  every  degree,  and  the  consequent  accessories.  A  palace  riiould  be  disposed  with 
porticoes,  vestibules,  galleries,  halls  of  waiting  suited  to  every  season,  wherein  those  to  be 
admitted  may  wait  with  convenience  and  comfort  till  their  turn  of  admissicm  arrives.  It  is 
evident  that,  from  the  nature  of  such  an  edifice,  much  magnificence  should  be  displayed  in 
it.  The  palaces  of  the  Escurial,  Versailles,  and  the  Tuileries  are,  though  extremely  spacious, 
and  oonsequentlv  imposing,  but  ill  disposed  and  imperfect  examples  of  a  palace.  Pertiaps 
the  most  perfect  in  Europe  is  that  of  the  King  of  Naples  at  Caserta,  commenced  in  1752,  whi^ 
is  described  by  Milisia  as  follows : — **  The  plan  of  this  palace  is  a  vast  rectai^le^  731  feet 
long  from  east  to  west,  569  from  north  to  south,  and  106  feet  in  height  The  interior  is 
divided  into  four  courts,  162  feet  by  244.  The  depth  of  building  that  surrounds  these 
courts,  in  which  are  the  apartments,  passages,  &c.,  is  80  feet,  including  the  thickness  of  the 
walls,  which  are  in  some  instances  15  feet.  The  two  principal  facades  have  five  stories 
besides  that  below  the  ground,  and  each  contains  thirty-seven  windows.  There  are  three 
entrances,  one  in  the  centre,  and  the  others  at  equal  distances  between  it  and  the  extreme 
angles,  where,  as  well  as  in  the  centre,  the  building  breaks  forward  a  little,  is  carried  up  to 
the  height  of  60  feet,  and  formed  into  pavilions  by  columns  42  feet  high.  Thus  the  whole 
height  of  the  building  is  102  feet  from  the  foundation  to  the  top  tS  the  pavilion,  at  the 
angles  162  feet,  and  in  the  centre  190  feet.  The  basement,  which  is  rusticated,  comprises 
the  lower  offices,  the  ground  floor  and  its  mezsanine.  Above  is  placed  an  I<mic  order  of 
columns  and  pilasters,  which  contains  the  two  ranges  of  state  aputments ;  the  lower  win- 
dows are  ornamented  with  pediments ;  in  the  friexe  are  introduced  the  windows  of  the 
upper  mezianine.  The  centre  entrance  leads  to  a  superb  portico,  which  traverses  the  build- 
ing from  north  to  south,  and  is  sufficiently  spacious  to  idlow  carriages  to  pass  under  from 
either  fe^ade  to  the  centre  of  the  building,  where  is  a  large  octangular  vestibule,  which 
unites  the  arms  of  the  cross  produced  by  dividing  the  plan  into  four  courts  i  two  sides  of 
the  octagon  are  open  to  the  portico,  four  to  the  four  courts,  one  to  the  grand  staircaaev  and 
the  eighth  is  occupied  by  a  statue  of  Hercules  crowned  by  Virtue,  with  this  inscription; — 

*  Virtiu  pott  fortia  beta  ooronat.*  *' 

2878.  **  The  grand  staircase,  which  is  on  the  right,  is  lighted  by  twenty-four  windows, 
and  decorated  in  a  beautiftil  style.  At  the  first  landing  it  is  divided  into  two  flights ;  the 
hundred  steps  of  which  it  is  composed  are  18  feet  long,  and  each  of  one  piece  of  marble ; 
it  is  lighted  also  from  the  top  by  a  double  skylight  Tlie  upper  vestibule  is  also  octangular, 
and  surrounded  by  twenty-four  columns  of  yellow  marble  1 8  feet  high.  Four  doors  lead 
frt>m  thence  to  the  apartments,  the  one  opposite  the  landing  to  the  ohiq[>di,  that  to  the  right 
to  the  apartments  of  the  king,  which  comprehend  the  south-west  angle  of  the  building 
overlooking  the  sea  and  the  plains  of  Naples  and  Capua.  To  the  left  are  the  apartments 
of  the  queen,  occupying  the  north-west  angle,  the  renuunder  of  these  floors  being  occupied 
by  the  princes.     The  chambers  throughout  are  vaulted,  and  admirably  arraiiged ;   the 
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apartments  of  the  king  and  queen  are  separated  by  a  gallery  138  feet  long,  42  wide,  and 
52  high.  The  palace  contains  a  small  elegant  theatre,  on  a  circular  plan,  divided  into  nine 
cM>mpartraents,  with  four  tiers  of  boxes.  The  chapel  is  rectangular  in  its  plan,  with  the 
«nd  terminated  semicireularly,  and  decorated  with  isolated  Corinthian  columns  on  pedestals, 
with  an  entablature,  in  which  the  cornice  is  not  omitted.  The  marbles  and  sculptures 
throughout  are  of  the  richest  kind ;  the  apartments  generally  well  arranged  and  distributed, 
of  magnificent  dimensions,  and  of  Tarious  forms.  The  whole  is  a  rare  assemblage  of  vast- 
ness,  regularity,  s^^mmetry,  richness,  ease,  and  elegance.  The  multiplicity  of  windows  may 
certainly  be  a  little  at  variamce  with  propriety. 

**  But  the  most  wonderful  part  of  this  grand  work  has  not  as  yet  been  described. 
There  are  ranges  of  aqueducts  of  a  great  height,  and  of  sufficient  length  to  unite  the  two 
Tifati  mountains  near  the  Furche  C^udine.  The  waters  on  the  mountains  are  collected 
into  a  canal  for  the  purpose  of  supplying  these  aqueducts,  and  conducted  to  various  lakes 
and  fountains  of  every  description.  To  the  embellishments,**  adds  Milizia,  "  of  this  royal 
residence  are  added  a  convenience  and  solidity  that  throw  into  shade  all  that  has  been  done 
before  or  since."  The  plans,  &c.  of  this  palace  may  be  referred  to  in  Durand's  Poaralldt  des 
Edi/lee$, 

2879.  Great  as  this  work  is,  it  would  not  have  eclipsed  the  palace  at  Whitehall  pro- 
jected by  Inigo  Jones,  and  published  in  Kent's  DetigrUy  (seejtff.  207.,  tttproy)  had  the  edi- 
fice, whereof  the  banqueting-house  is  not  the  hundredth  part,  been  carried  to  completion. 
This  palace  has  already  been  described  in  the  First  Book  of  this  work,  in  turning  to  which 
the  reader  will  find  that  the  proposed  palace  consisted  of  six  courts,  and,  with  greater 
beauties  of  composition,  would  have  occupied  a  much  larger  site  than  the  palace  at  Caserta. 

2880.  We  have  been  difPuae  in  the  description  of  the  Isst-named  palace,  because  it  con- 
tains the  leading,  and,  indeed,  governing  principles,  upon  which  the  palace  for  a  sovereign 
should  be  constructed ;  and  from  the  description,  the  student  might  almost  be  at  once  led 
to  the  design  of  such  an  edifice. 

2881.  The  designs  which  Bernini  made  at  the  request  of  Louis  XIV.,  instigated,  no 
doubt,  by  his  minister  Colbert,  (for  they  were  both  of  them  lovers  and  patrons  of  the  fine 
arts,)  for  uniting  the  Tuileries  and  Louvre,  would,  had  they  been  executed,  added  another 
palace  to  which  the  student  might  have  been  referred  for  information  on  the  subject  of 
palaces.  They  may  be  seen  in  Durand's  "  Parallel  **  above  mentioned,  and,  we  think,  will  bear 
out  the  propriety  of  reference ;  and  we  fully  agree  with  Le  Grand,  except  in  the  inflated 
language  he  adopts,  that  **  Le  gouvernement  qui  attachera  son  nom  a  cette  execution  sera 
proclam£  grand  dans  la  posterity ;  il  honerera  la  nation  par  les  arts  en  reunissant  ainsi  les 
beaut^s  eparses,  incompletes  de  ces  deux  palais,  pour  n'en  former  qu'un  seul,  il  s*as8urera 
la  gloire  d'eficer  par  cette  merveille  celles  dont,  except^  les  pyramides  d'Egyptes  I'ex- 
istence  n'est  plus  que  dans  I'histoire.** 

2882.  It  is  almost  unnecessary  to  observe,  that  the  site  on  which  a  palace  is  to  be  seated 
must  be  open  and  free  in  every  respect,  that  a  large  expanse  of  gardens  should  be  attached 
to  it  for  the  use  of  the  public  as  well  as  the  sovereign,  in  which  respect  the  palaces  of  the 
Tuileries  and  Versailles  are  unparalleled.  All  sboiUd  have  a  royal  bearing,  parsimony 
being  inadmiauble  in  works  of  this  nature. 


SscT.  V. 

GOVXRNMKKT   OFFICKS. 


S883.  The  ofiices  of  government  should  be  designed  consistently  as  regards  their  distri- 
bution and  magnificence,  with  some  respect  to  the  power  and  importance  of  the  nation  for 
whose  use  they  are  to  be  c<mstructed.  Whilst  on  the  Continent,  and  especially  in  Paris, 
some  of  the  finest  examples  of  art  provide  for  the  convenience  of  the  different  depart- 
ments, the  only  building  that  can  be  named  here  in  this  respect  are  the  offices  at  Somerset 
House,  built  by  the  late  Sir  W.  Chambers.  And  herein  so  mean  and  indifferent  to  the 
arts  has  of  late  been  every  set  of  ministers  in  this  country,  that  but  for  the  appropriation  of 
the  eastern  part  of  the  site  to  a  jmnt-stock  college,  it  is  probable  the  river  front  would 
never  have  been  finished. 

2884.  The  nature  of  the  disposition  of  government  buildings  must  of  course  depend  on 
the  particular  department  tot  which  the  building  is  destined,  lull  information  on  which 
must  be  had  in  every  particular  before  the  architect  can  begin  to  imagine  the  building  to 
be  designed.  The  most  ample  space  should  be  allotted  to  them,  and  no  rooms  for  the  per- 
formance of  the  duties  attached  to  the  department  should  be  allowed  above  the  first  story 
over  the  ground  floor.  Hie  public,  indeed,  ought  not  to  have  to  ascend  or  descend  even 
one  flight  of  steps.     The  access  to  the  different  apartments  should  be  i^Mcious  and  easy  ; 
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the  quadrangles,  where  they  are  necessary,  should  be  ample,  so  as  to  affiird  abundance  of 
light  and  air ;  porticoes  should  be  provided  for  the  shelter  of  the  public  who  hAve  to 
transact  business,  and  the  facades  should  be  in  a  broad  simple  style. 

S885.  Without  intending  any  affection  of  the  fanciful  style  adopted  by  their  architect, 
we  would,  in  this  country,  point  to  the  mode  in  which  the  offices  at  the  Bank  of  England 
were  disposed  and  planned  by  the  late  Sir  John  Soane,  and  the  beautiful  method  of 
lighting,  as  highly  valuable  studies  for  the  architect.  The  skill  here  exhibited  by  him,  if 
not  obscured  by  his  successors,  and  the  restless  desire  of  change  that  the  directors  seem  to 
exhibit,  will  be  lasting  monuments  of  that  architect's  ability,  however  disfigured  his  designs 
nuiy  have  been  by  the  caprice  of  their  ornaments. 

2886.  The  splendour  of  the  government  offices  in  this  country  seems,  in  every  case,  to 
be  in  an  inverse  ratio  to  the  renown  of  the  department  Thus,  let  the  Admiralty  be  the 
example  for  consideration,  and  it  would  be  difficult  to  decide  which  was  worst,  the  interior 
or  the  exterior.  On  the  Treasury  jumble  of  buildings,  it  would  be  difficult  to  bestow  a 
serious  word.  If  the  country  be  too  poor  to  accomplish  all  the  works  at  once  which  would 
be  necessary  for  putting  us  in  possession  of  buildings  worthy  the  country,  surely  designs 
on  a  proper  scale  for  rebuilding  all  these  edifices  might  be  made,  and  rigidly  adhering  to 
the  designs  approved  after  due  consideration,  portions  might  be  annually  executed,  so  as  to 
distribute  the  outlay  over  a  series  of  years.  But  we  r^ret  to  say  that  we  fear  any  bints 
under  this  section  will  be  thrown  away,  while  political  parties  are  contending  for  power, 
and  consider  the  comfort  of  the  public  and  the  promotion  of  the  fine  arts  subjects  of  com- 
parative insignificance.  The  source  of  the  evil  is  in  the  nature  of  the  constitution ;  and 
though,  speaking  as  Englishmen,  we  do  not  wish  to  see  that  changed,  yet  we  think  a  little 
more  absolute  power,  under  which  there  is  invariably  less  jobbing,  would  be  in  some  mea- 
sure beneficial  to  the  arts. 

$887,  We  have  hinted  that  there  is  no  government  building  to  which  we  should  wish  to 
refer  the  reader,  Somerset  House  excepted.  In  Paris  he  will  find  an  abundance  of  exam- 
pies.  The  Admiralty  therct  a  recent  building  of  the  most  simple  exterior,  on  which  there 
are  neither  dolphins,  tridents,  nor  anchors,  as  in  that  near  Charing  Cross,  is  a  stupoidous 
mass  of  building,  well  calculated  for  the  narrow  street  in  which  it  stands,  to  which»it  im- 
parts unmeasured  dignity.  The  Garde  MeuhU,  as  it  was  formerly  called,  in  the  Place  de 
la  Concorde  (formerly  de  Louis  XV.)  is  one  of  the  most  beautiful  compositions  in  Europe. 
This  is,  perhaps,  an  example  rather  too  florid  for  imitation  (we  do  not  mean  in  lines,  but 
in  spirit)  in  this  country,  though  it  is  known  that  a  well  and  richly-designed  building 
costs  little,  if  any*  more  than  a  bad,  ill. digested  one.  The  Mint  of  Paris  is  another  of  the 
French  government  offices  worthy  of  the  nation.  But  we  need  not  multiply  the  instances, 
Paris  being  i)ow  almost  as  well  known  to  the  Englishman  as  London  itself.  It  is,  how- 
ever, to  be  recollected  that  in  France  all  the  government  buildings  are  of  as  much  interest 
to  the  government  in  the  provinces  as  in  its  metropolis,  and  that  the  great  hospital  at 
Lyons,  by  Soufflot,  is  not  surpassed  in  Europe.  In  England,  ife  know  not  one  that  ap- 
proaches it. 


Sect.  VL 
coDsn  or  law. 


2888.  A  court  of  law  in  tiiis  country,  speaking  in  more  senses  than  one,  but  chiefly, 
here,  to  preserve  the  gravity  of  our  work  architecturally,  is  a  building  in  which  every  one, 
whose  business  unfortunately  leads  him  to  it,  sits  in  pain,  the  judges  and  counsel  excepted. 
Attorneys,  witnesses,  jury,  and  audience,  or  public,  are  equally  doomed  to  he  pent  up  and 
cramped  like  the  poor  sheep  at  Smithfield,  or  a  sailor  in  the  bilboes,  if  that  punishment  be 
still  in  existence.  The  practice  is  infamous  and  inexcusable ;  it  originates  not  with  the 
architect,  but  with  the  government,  which  affi>rds  neither  space  nor  money  for  the  erectioD 
of  courts  suitable  to  the  administration  of  justice,  though  the  public  are,  by  a  pleasing 
assumption  of  the  administrators  of  the  laws,  supposed  to  know  all  the  decisions  tint  take 
place  in  them,  and  treated  by  an  answer  to  those  that  plead  ignorance,  which,  but  from 
the  little  of  their  proceedings  that  ooxes  out  by  that  useful  organ,  the  public  press,  would 
really  be  the  case  —  **  Ignorantia  non  excusat  legem.**  It  came  out  in  evidence  before  a 
committee  of  the  House  of  Conunons  on  the  late  rebuilding  of  the  courts  at  Westminster, 
that  Sir  John  Soane,  their  architect,  was  told  by  a  chief  of  one  of  the  courts  then  pro- 
posed to  he  built  and  since  executed,  that  hit  court,  as  planned,  would  be  quite  large 
enough  to  hold  all  that  had  any  businese  there  i  rather  a  strange  dictum  for  a  personage 
whose  duty,  sitting  on  the  judgment-seat,  was  to  tell  the  people  that  their  unaffected 
ignorance  of  the  laws  he  was  sworn  to  administer  was  no  excuse  for  violating  the  law 
which  might  bring  them  before  him. 
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SR89.  We  have  thus  pre&ced  oat  short  obsenrBtioiis  on  this  section  lor  the  purpose  of 
impressing  on  the  mind  of  the  architect  who  may  be  called  on  to  furnish  designs  in  the 
provinoes  (for  in  London  there  is  not  much  chance  of  his  employment  on  such  an  occa^ 
sion),  that  there  are  other  persons  who  have  equal  right  to  as  good  accommodation  as  the 
judges  and  the  bar,  who  are  extremely  well  paid  for  the  duties  they  perform ;  the  parties 
to  which  we  allude  being  the  jury  who  are  to  decide  upon  the  evidence,  the  witnesses  from 
whom  such  evidence  is  deriTed,  the  attorneys  whose  instructions  to  counsel  are  from  instant 
to  instant  necessary  for  the  proper  conduct  of  a  case,  and,  though  last  not  least,  the  public, 
who  have  an  undoubted  right  to  be  present,  not  only  because  they  are  entitled  to  instruct 
themselves,  as  the  axiom  requires,  that  they  may  not  be  ignorant  of  the  law,  but  because, 
in  this  country,  the  conduct  of  the  judge  himself  may  be  open  to  public  opinion,  and  his 
character  properly  transmitted  to  posterity,  and  estimated  by  the  public. 

S890.  After  the  forgoing  remarks,  we  apprehend  it  will  be  scarcely  necessary  to 
impress  on  the  mind  of  the  architect  the  importance  of  providing  an  ample  space  for  the 
audience  or  public,  rooms  for  jurymen  in  waiting,  and  full  space  for  the  latter  when  they 
are  placed  in  what  is  called  their  box,  so  that  tbe  pain  of  the  body  may  not  distract  the 
mind  from  the  evidence  of  the  witnesses  and  the  charge  of  the  judge.  The  artist,  therefore, 
must  be  careftil  to  supply  such  acconunodation  as  shall  render  the  office  of  all  parties 
engaged  a  pleasing  duty  rather  than  an  irksome  task, 

2891.  To  every  court  of  law  should  he  attached  a  large  vestibule  or  salon,  sufficiently 
large  to  afford  a  promenade  for  those  of  all  classes  engaged  in  the  courts.  In  Westminster, 
bad  as  the  courts  are,  this  is  well  provided  in  the  magnificent  room  called  Westminster 
Hall,  to  which  had  the  courts  that  open  on  it  been  in  character  our  opening  observations 
had  been  spared.  It  is  almost  needless  to  observe  tiiat  apartments  and  accommodation  are 
to  be  provided  for  the  rolmig  and  occasional  refreshment  of  the  judges,  the  bar,  and  the 
different  officers  attached  to  the  court.  In  courts  for  the  trial  of  felons  it  may  be  ne* 
cessary,  if  the  prison  has  no  communication  with  the  court,  to  add  some  few  cells  for 
securing  criminals.  This,  however,  will  be  dependent  on  the  circumstance  mentioned,  and 
should  be  provided  accordingly. 

289^  In  these,  as  in  other  buildings  where  there  is  often  congregated  a  great  number  of 
persons,  the  entrances,  and  at  the  same  time  outlets,  should  be  increased  in  number  as  much 
as  convenience  and  the  situation  wiU  permit ;  and  another  indispensable  requisite  is,  that 
the  court  itself  should  be  so  placed  in  the  dengn  that  no  noise  created  on  the  outside  of 
the  building  may  be  heard  in  the  interaor,  so  as  to  interfere  with  the  attention  of  those 
engaged  on  the  business  before  them. 

2893.  In  the  provinoes  the  observations  we  have  made  may  be  of  some  use  to  the 
student,  and  on  this  ground  we  have  thought  it  our  duty  to  ofl^r  themb 
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TOWM    HAtLS. 


2894.  The  town  hall  of  a  city  or  town  will  necessarily  vary  with  their  extent  and 
opulence.  In  towns  of  small  extent  it  should  stand  in  the  market-place ;  indeed,  in  a 
large  proportion  of  the  towns  of  this  country  the  ground  floor  is  usually  on  columns,  and 
forms  the  com  market  of  the  place,  the  upper  floor  being  generally  sufficiently  spacious  for 
transacting  its  municipal  business.  Where  the  sessions  or  assises,  as  in  cities,  are  held  in 
the  town  hall,  it  is  necessary  to  f  rovide  two  courts,  one  for  the  civil  and  the  other  for  the 
criminal  triab ;  and  in  this  case  the  observations  on  courts  of  law  in  the  preceding  section 
equally  apply  to  this  in  that  respect. 

2895'  In  cities  and  corporations  where  much  municipal  business  occurs,  the  number  of 
apartments  must  of  course  be  increased  to  meet  the  exigencies  of  the  particular  case ;  and, 
if  possible,  a  large  hall  should  be  provided  for  the  meetings  of  the  corporation.  A  certain 
appearance  of  its  being  the  property  of  the  public  is  the  character  to  be  imparted  to  it,  and 
this  character  must  be  stamped  on  the  disposition  as  well  as  the  elevation.  Thus,  on  the 
ground  floor  of  the  first  class  of  town  halls,  courts,  porticoes,  or  arcades,  and  spacious  stair- 
cases should  prepare  for  and  lead  to  the  large  apartments  atad  courts  of  law  on  the  first 
floor.  Every  means  should  be  employed  in  providing  ample  ingress  and  egress  to  the 
persons  assembling.  Fire-proof  rooms,  moreover,  should  be  always  provided  for  the 
records  and  accounts  belonging  to  the  town.  The  exterior  of  the  building  should  not  be 
highly  decorated,  but  designed  with  simplicity,  yet  with  nu^esty,  as  it  is  an  index  to  the 
wealth  and  importance  of  the  place  for  whose  use  it  is  erected. 

2896.  For  ^e  disposition  of  these  buildings  the  student  may  turn  with  profit  to  the 
examples  abroad,  in  which,  generally,  apartments  are  provided  for  every  branch  of  the 
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govemmcnt  of  the  city.  Doniid,  in  hU  ParaUSk  dm  SdifieeMf  htm  given  wvenl  examples^ 
among  which  that  of  the  city  of  Bniaseb  is  a  bcautiftil  inntanee  of  the  applicaftaon  of 
Gothic  to  town  architecture.  It  was  conunenoed  at  the  beg>iuuiig  and  finished  in  the 
middle  of  the  fifteenth  century,  having  a  tower  and  spire  which,  toother,  rise  upwards  of 
360  feet  from  the  lerel  of  the  phe€.  The  interior  of  this  edifiee  presents  all  the  aeeonw. 
modattons  which  are  required  for  a  municipality ;  and  the  prinoipal  fiuade,  though  a  little 
disfigured  by  the  lower  not  rising  in  the  centre  of  it,  is  eompoeea  with  great  Hmty, 
harmony,  and  simplicity.  Though  rich,  the  ornaments  are  introdueed  witii  great  order  and 
symmetry,  and  the  rrstem  of  design  penrading  the  front  is  by  pyramidal  masses  wfaoee 
eflfect  is  exceedingly  light  though  Ixrfd. 

2897.  The  moat  odebrated  of  town  halls  in  Europe  is  that  of  Amsterdam,  erected 
during  the  first  half  of  the  seventeenth  century  by  Van  Campen.  The  design  is  given  in 
Durand's  BaandUU,  and  also  forms  the  subject  of  a  volume,  in  folio,  published  in  Holland  ; 
the  cost  of  its  erection  was  more  than  thirty  millions  of  florins,  and  the  febric  stands,  they 
say,  on  13,659  piles,  which  were  required  from  the  marshy  nature  of  the  ground.  The 
plan  is  nearly  a  square ;  it  is  288  feet  long  and  855  feet  wide,  and  its  height  u  1 16  feet. 
To  describe  the  disposition  of  the  plan  would  be  impossible ;  it  can  only  be  eomprehended 
by  reference  to  it.  The  ground  story  in  the  principal  fefade  forms  the  basement  on  whieb 
rises  an  order  of  Corinthian  pilasters,  containing  two  ranges  of  windows;  then  an  en- 
tablature, and  above  that  a  repetition  of  similar  puuters,  containing  two  ranges  of  windowa. 
The  latter  are  simple,  having  no  ornament  except  a  festoon  between  each  range.  At  the 
angles  are  two  pavilions,  ornamented  with  four  pilasters,  and  in  the  centre  one  with  eight, 
which  projects  forward  a  little.  On  this  a  pectiment  rises  ornamented  with  historical  baa 
reliefi^  and  thereover,  more  distant,  is  an  elegant  cupola  for  the  dock.  Instead  of  one  large 
principal  entrance  there  are  seven  small  <mes,  alluding,  as  it  is  said,  to  the  seven  united 
provinces ;  and  it  is  also  pleasantly  said  that  the  smallness  of  the  provinces  are  typical  of  the 
smallness  of  the  doors. 

2898.  We  cannot,  however,  laud  the  composition  of  this  building,  which,  by  the  way, 
encloses  the  bank  and  public  treasury.  Its  merit  connsts  mainly  in  the  disposition  of  the 
plan,  the  restraint  in  decoration,  and  the  good  constructum  of  the  work,  whilst  its  im- 
posing effect  results  from  its  magnitude  as  a  mass.  Tlie  use  of  the  Corinthian  and  Composite 
orders  for  such  a  building  was  almost  an  abuse,  for  their  proportions  vary  so  little  from 
each  other  as  idmost  to  create  confusion  between  the  two.  Again,  the  similarity  of  the 
subdivision  in  the  two  stories,  each  divided  into  two  ranks  of  windows,  produces  a  ei^d 
monotony.  The  windows  too,  without  architraves,  have  an  effect  as  mean  as  the  festoons 
which  are  introduced  between  the  windows  are  insipid.  Ndther  will  die  excuse  given  fat 
the  seven  small  doors  justify  the  introduction  of  such  poverty  in  a  building  whose  dimen- 
sions are  so  great,  besides  their  appearance  seeming  to  give  strength  to  the  unpresnon  that 
they  are  only  entrances  to  the  haJBement  story.  The  student,  on  the  subject  of  town  halls, 
may  be  referred  also  to  those  of  Antwerp  and  Maestrieht  and  Louvain.  And  here  we  cannot 
refriun  from  alluding  to  the  works  we  ncrticed  but  a  little  time  past  in  the  restoration,  and 
indeed  completion,  of  the  Hotel  de  Ville  at  Paris,  first  commenced  in  1533  on  the  designs  of 
Fran9ois  de  Cortonne,  in  what  is  now  called  the  style  of  the  renaissance.  The  additions 
which  became  necessary  in  consequence  of  the  extended  business  of  the  city  are  executing  in 
the  same  style,  and  wiU  present  one  oi  the  most  picturesque  features  of  the  city.  Such  an 
occasion  as  this  is  a  legitimate  one  for  the  employment  of  the  style  of  the  renaissance,  and 
not  in  the  trumpery  stuff  that  appears  in  the  oounti^,  without  any  solid  reason  for  its 
adoption.  The  interior  of  this  building,  with  its  court  or  quadrangle,  is  not  without 
grandeur ;  and  the  interior  distribution  of  it,  with  its  beautifril  sturease,  is  a  sufficient 
proof  that  what  the  Germans  and  their  admirers  now  denominate  **  sesthetics**  in  art  was 
well  understood  and  practised  in  Italy,  France,  and  even  England,  on  the  renaissance,  whilst 
their  country,  as  respects  architecture,  was  in  a  state  of  barbarism.  We  regret  we  have 
not  the  opportunity  of  referring  to  any  town  hall  in  England  which  meets  in  all  respects 
what  we  deem  the  requisites  of  such  a  building.  We  do  not  say  that  none  such  exist, 
only  that  it  has  not  come  to  our  knowledge. 


Sect.  VIII. 

COLLXOXS. 


8899.  A  college,  which  is  an  establishment  for  the  education  of  young  men,  generally 
consists  in  this  country  of  one  or  more  courts  or  quadrangles,  round  which  are  disposed  the 
rooms  for  the  students,  with  the  chapel,  library,  and  eating  hall ;  apartments  for  the  head 
of  the  establishment  and  for  the  fellows ;  a  combination  room,  which  is  a  spacious  apert- 
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ment,  wherein  the  latter  aawmble  after  dinner ;  kitchen,  buttery,  and  other  domestic  offices, 
laitrines,  gardens,  &c. 

2900.  In  these  particulars,  we  are  speaking  of  English  habits,  (br  on  the  Continent  the 
collie  is  quite  a  different  sort  of  thing.  As,  however,  we  consider  the  best  instruction  to 
the  student  wiH  be  concise  information  on  those  which  exist,  we  shall  shortly  mention  the 
most  celebrated  abroad  and  in  England. 

2901.  At  Rome,  the  college  fonnerly  that  of  the  Jesuits,  now  the  Roman  College,  is  a 
yery  large  edifice,  umple  in  character,  as  this  species  of  building  seems  to  demand.  Its 
length  is  328  feet,  and  its  height,  without  the  attic,  87  feet.  Two  uu'ge  gateways  are  placed 
in  the  middle  compartment,  and  form  the  entrances  to  the  building.  In  these  there  is 
nothing  particularly  to  admire,  nor  in  the  facade  generally,  which  is  encumbered,  firom  the 
nature  of  the  edifice,  with  a  great  number  of  windows,  liie  great  quadrangle  is,  howeyer, 
one  of  the  finest  in  Rome,  consisting  of  two  stories  of  arcades,  a  distribution  particularly 
applicable  to  buildings  of  this  class,  and  which  we  are  surprised  has  never  found  adoption 
in  this  country.  In  these  galleries  the  different  classes  or  lecture  rooms  are  placed,  under 
their  drrisions  of  Kters  humaniores,  rhetoric,  and  philosophy.  Had  the  building  been 
finished  as  Ammanati  designed  it,  there  would  not  have  been  in  Italy  a  finer  structure  nor 
one  more  suitable  to  its  destination.  It  has,  by  the  aHerations  horn  the  original  plan,  been 
much  cut  up ;  yet  it  is  a  magnificent  pile  of  building,  consisting  of  corridors,  dormitories, 
gardens,  refectories,  and  other  accessories,  which,  with  the  church  which  forms  a  part  of 
the  plan,  occupy  a  circuit  of  upwards  of  1 500  feet.  The  other  buildings  in  Rome  which 
pass  under  the  name  of  colleges  are  not  to  be  considered  as  establishments  for  education, 
being  destined  to  the  study  of  theology  and  other  sciences :  such  are  the  Propaganda  and 
the  Sapienza,  which  last  is  one  of  the  finest  modem  buildings  of  the  eternal  city. 

2902.  At  Genoa  is  a  magnificent  college,  which  was  formerly  the  palace  o£  the  Balbi 
femily,  by  whom  it  was  given  to  the  Jesuits  for  a  place  of  education ;  but,  firom  the 
original  destination  of  the  building,  it  possesses  none  of  the  essential  character  which  be- 
longs to  an  edifice  of  this  class. 

2903.  Paris,  we  believe,  still  contains  nine  colleges,  hardly  one  wbereofr  Bays  the  author 
of  the  article  **  College"  in  the  Eneydopedie  Methediqme,  deserves  notice.  The  same  writer 
says  that  in  England  alone  are  found  examples  of  what  a  college  ought  to  be ;  and  from 
all  that  we  have  seen  on  the  Continent,  we  believe  him  to  have  come  thereon  to  a  correct 
conclusion. 

9904.  The  universities  of  Oxford  and  Cambvidge  furnish  a  study  for  the  architect  in 
this  class  of  building  nowhere  else  to  be  found ;  and  though  the  greater  part  of  their 
colleges  are  extremely  irregular  in  plan,  they  are  generally  convenient  in  disposition  and 
highly  picturesque  in  effect.  In  Oxford,  the  most  regular  in  plan  is  Queen*s  College,  and 
this  is  of  modem  construction,  having  been  commenced  as  late  as  1710,  and  in  the  Italian 
style.  We  are  not,  however,  about  to  describe  the  style,  which  is  not  an  example  for  study, 
but  the  disposition  of  the  building.  The  principal  front  stands  towards  the  High  Street. 
The  whole  site  on  which  the  college  stands  is  300  feet  by  220^  which  is  divided  by  the 
chapel  and  hall  on  the  right  and  left  of  the  intervening  building  into  two  spacious  courts. 
The  south  court,  which  is  that  nearest  the  street,  is  140  feet  long  and  ISO  broad,  having  an 
arcade  round  it  on  the  south,  east,  and  west  sides.  Over  that  on  the  west  side  are  two 
stories,  which  contain  the  apartments  of  the  fellows»  those  of  the  provost,  and  a  gallery 
communicating  with  the  hall  and  common  or  combination  room.  The  east  side,  which  ia 
uniform  with  that  on  the  west,  comprises  the  apartments  for  students  of  the  society,  and  on 
the  north  side  are  the  chapel  and  hall.  The  south  side  of  the  court  or  quadrangle  has  no 
dwelling  in  it,  but  is  composed  of  a  decorated  wall,  in  whose  centre  is  the  great  entrancCt 
above  whose  arch  an  open  cupola  stands  upon  columns,  and  under  the  cupola  the  statue  of 
Queen  Caroline,  the  consort  of  George  II.  The  interior  court  or  north  quadrangle  is 
1 30  feet  by  90.  On  the  north,  east,  and  south  sides  are  provided  apartments  for  the  membera 
of  the  society,  and  the  west  is  occupied  by  the  library :  the  entrance  to  it  is  by  a  passage 
between  the  hall  and  chapel.  The  dimensions  of  the  hall  are  60  by  SO  fiBet ;  those  of  the 
chapel  are  necessarily,  as  to  width,  the  same,  but  it  is  100  feet  long:  The  library,  which 
was  completed  earlier  than  the  rest  of  the  building,  is  1 23  feet  long  and  SO  feet  broad. 
That  the  student  may  form  an  idea  of  the  accommodation  afforded  on  the  site  described,  it 
may  be  taken  as  holding  about  170  persons,  including  the  provost  and  fellows,  whose 
apartments,  of  course,  occupy  a  considerable  portion  of  the  space.  Hawksmoor  is,  as  we 
believe,  the  architect;  certainly,  as  fiu*  as  we  can  judge,  not  Sir  Christopher  Wren,  to  whom 
some  have  attributed  iL 

2905.  We  have  no  intention  to  pursue  the  description  of  the  colleges  in  rither  of  the 
universities.  We  have  selected  the  above  as  a  model  of  disposition  only,  because,  as  we 
have  hinted,  it  is  in  very  bad  taste :  so  bad,  indeed,  in  that  respect,  as  to  be  a  model  for 
avoidance.  W^e  shall,  however,  give  a  few  more  memoranda  as  to  the  parts  of  colleges  in 
existence,  here  merely  observing  that  a  bed  and  sitting  room,  both  of  moderate  dimensions^ 
are  as  much  as  can  be  afforded  to  the  students  of  the  establishment. 

3  £  4 
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S906.  Of  the  eoUqgct  in  Oxibrd,  Chrutchordi  b  paai  qucatioo  tha  moct  magnificcot. 
Its  extent,  towaitU  the  street,  is  400  feet.  Its  hall  is  115  feet  long,  40  feet  broad,  and  50 
feet  in  height,  and  the  entrance  to  it  is  by  a  Yery  noble  staircase.  The  chapel  is  the 
cathedral  5  Oxford,  and  is  154  feet  long,  and  the  breadth,  including  aisles,  54  feet.  The 
great  quadrangle  is  nearly  280  feet  square,  and  this  communicates  with  another  called 
Peckwater  quadrangle,  of  considerable  dimensions,  in  which,  on  the  south  side,  stands  the 
noble  library  of  the  coll^^  the  upper  room  whereof  is  141  feet  long,  SO  feet  broad,  and 
37  feet  high.  At  the  side  of  and  a4joining  the  last  are  the  Canterbury  quadran^  and  Fell's 
Buildings,  and  on  the  other  side  the  chaplain's  quadrangle.  What  is  called  the  Christ- 
church  Meadow,  attached,  affords  the  most  delightful  walks  for  the  exercise  and  recreation 
of  the  members,  being  bounded  on  the  east  by  the  Cherwell,  on  the  south  by  the  I^  and 
on  the  west  bv  a  branch  oi  the  same  river.  The  whole  establishment  is  worthy  of  the 
princely  founder,  whose  spirit  seems  still  to  reign  in  the  ocmduct  of  those  connected  with 
it.     Such  a  magnificent  foundation  cannot  elsewhere  be  referred  to. 

8907.  In  Cambridge,  the  library  and  court  of  Trinity  CoU^e^  the  former  one  of  the 
finest  works  of  Wren,  uid  the  extraordinary  and  bcautilul  chapel  of  King's  College,  are 
the  principal  features  of  the  university.  There  mre  ako  some  bcautilul  pieces  of  architec- 
tural composition  ;  but  as  there  is  noUiing  we  could  select  as  a  model  for  a  college,  which 
is  the  principal  object  of  the  section,  we  do  not  oonnder  it  necessary  to  detain  the  reader 
by  an  account  of  them.  We  may,  however,  mention  that  the  chapel  of  King's  College  is 
316  feet  long,  84  feet  broad,  and  90  feet  from  the  ground  to  the  top  of  the  battlements. 
Corpus  Christi  CoU^e  is,  perhaps,  the  last  coII^e  in  either  of  the  universities  that  has 
been  rebuilt;  but  in  di^osition,  and  most  especially  in  design,  it  is  rather  an  index 
reruM  vUaMdarmm  than  a  model  we  should  recommend  to  the  studcaat's  attention. 


SCCT.  IX. 
rvauc  LiBSAaiKs. 


2908.  Although  a  public  library  would  seem  to  require  a  grave  and  simple  style  of 
treatment,  it  is,  nevertheless,  properly  susceptible  of  much  richness,  if  the  funds  admit,  and 
it  comports  with  the  surrounding  buildings  to  use  much  decoration.  A  public  library 
may  be  conadered  as  the  treasury  of  public  knowledge ;  indeed  its  treasures  are  even 
more  important  to  society  than  the  public  treasures  of  gold  and  silver.  It  is  also  to  be 
considered  as  a  temple  consecrated  to  study.  Security  against  fire  is  the  first  important 
consideration  in  its  construction ;  indeed  that  point  ought  to  be  deemed  indispensable ; 
and  the  next  consideration  for  the  accomplishment  of  its  purpose  is  quietness.  The 
first  requires  that  no  materials  except  stone,  brick,  and  iron  shoidd  be  employed  in  the 
walls,  floors,  and  Toofe;  and  the  la^  that  it  should  stand  far  removed  from  a  public 
thoroughfere.  Within,  especially  in  this  climate,  there  can  scarcely  be  too  much  lights 
because  there  are  alwavs  modes  of  excluding  the  excess  in  the  brightest  days  of  our  short 
summers ;  and  in  the  dark  days  of  our  winters  no  such  excess  can  occur.  Neither  should 
the  light  be  placed  high  up  for  the  purpose  of  obtaining  more  room  for  the  presses  which 
are  to  receive  the  books,  because  even  a  greater  space  may  be  obtained,  as  in  the  magni- 
ficent library  at  Trinity  College,  Cambridge,  by  Wren,  by  inaking  the  presses  stand  against 
the  piers  at  right  angles  with  the  longitudinal  walls,  and  placing  the  windows  between 
them.  Moreover,  the  presses,  when  placed  longitudinally  against  the  walls,  the  windows 
being  above,  have  the  titles  of  the  books  they  contain  indistinct,  from  being  too  much  in 
shadow.  The  library  just  mentioned  is  in  every  respect  one  of  Che  finest  works  of  Sir 
Christopher  Wren.  It  stands  on  an  open  arcade,  at  the  north  end  whereof  is  s  vestibule, 
whence  the  ascent  is  by  a  spacious  staircase  to  the  library  itself,  which  is  200  feet  long, 
40  feet  wide,  and  38  feet  high,  floored  with  marble,  and  decorated  with  pilasters  and  an 
entablature  of  the  Corinthian  order.  Though  this  library  is  of  no  mean  extent,  we  do  not 
adduce  it  as  an  example  of  a  large  public  library  suited  to  a  nation,  but  as  a  perfect  model 
of  the  mode  of  distribution,  which  might  be  carried  in  principle  to  any  extent.  If  the 
readers  be  very  numerous,  a  reading  room,  of  course,  becomes  necessary,  which  should  be 
placed  as  centrally  as  may  be  to  the  whole  mass  of  building,  so  that  the  labour  of  the 
attendants  may  be  lessened,  and  the  readera  at  the  same  time  more  readily  served  with  the 
books  wanting.  The  best  mode  of  warming  the  apartments  is  by  a  fiimace  and  boilers,  not 
at  all  adjoining  to  or  comnranicating  with  the  building,  but  by  carrying  pipes  round  the 
apartments  or  in  the  floor,  through  which  pipes  a  constant  circulation  of  the  boiling  liquid 
is  kept  up,  and  from  which  a  radiation  of  the  heat  takes  place. 

2909.  The  most  ancient  and  celebrated  library  in  existence  is  that  of  the  Vatican ;  in  the 
latter  respect,  as  well  on  account  of  its  sixe  as  of  the  number  of  valuable  manuscripts  it  con- 
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tains :  it  occupies  in  the  suite  of  its  apartments  one  oT  the  sides  of  the  Vatican  900  feet 
in  length.  The  presses  containing  the  books  are  decorated  with  the  finest  specimens  qf 
Etruscan  ^ases.  The  long  gallery  terminates  at  one  end  by  the  Museum  Christianum  and 
the  Stanza  de*  Papyri,  and  at  the  other  end  by  the  new  museum,  with  which  it  communi- 
cates by  a  marble  staircase.  The  ante-salon  to  the  library  is  about  300  feet  long  and  about 
87  wide.  In  the  architecture  or  arrangement  there  is  nothing  particularly  to  admire,  and 
indeed  it  was  not  originally  intended  for  the  purpose  to  which  it  has  been  appropriated. 

2910.  We  do  not  think  it  necessary  to  stop  the  reader  for  an  account  of  the  Medicean 
library  at  Florence,  though  the  work  of  Michael  Angelo.  Its  proportions  are  grand,  but  the 
details  are  as  capricious  as  that  great  man  could  possibly  have  invented ;  but  of  the  library 
of  St  Mark  at  Venice  we  entertain  the  greatest  admiration.  We  have  already  described 
this  in  the  First  Book  when  speaking  of  the  Venetian  school.  Notwithstanding  the  diffi- 
culties that  Sanaovino  had  to  encounter  in  respect  of  its  site  and  connection  with  other 
buildings,  which  restricted  the  design  in  the  facade,  because  of  the  height  of  the  a4joining 
Ihvcuraxie  Feeehie,  and  the  width  of  the  ground ;  —  notwithstanding  all  these,  and  the  jea- 
lousy of  his  enemies  superadded,  P^lladio  considered  the  success  of  it  to  have  been  so  greet 
as  to  have  made  it  worthy  of  any  age. 

391 1.  The  splendid  collection  of  books  at  Paris,  containing  900,000  and  upwards  printed 
Tolumes,  called  the  Bibliotheque  du  Roi,  is,  speaking  architecturally,  though  of  immense 
extent,  little  more  than  a  warehouse  for  holding  the  books :  that,  however,  of  the  abbey  of 
St.  Genevieve  in  the  same  city,  though  containing  less  than  a  quarter  of  the  number  just 
mentioned  oi  printed  volumes  and  30,000  MSS.,  is  a  well-conceived  and  well-designed 
building,  and  particularly  suited  to  its  destination.  The  plan  is  that  of  a  large  Greek  cross, 
which  affords  on  the  plan  four  large  halls,  connected  by  a  central  circular  apartment  crowned 
with  a  dome. 

2912.  Perhaps  one  of  the  most  absurd  dispositions  of  plan  for  the  buildings  under  con- 
sideration is  to  be  seen  in  the  Radcliffe  Library  at  Oxford.  It  is  circular  on  the  plan,  and 
hence  vast  loss  of  room  is  experienced ;  but  we  do  not  think  it  necessary  further  to  enter 
into  its  demerits,  merely  stating  here  that  it  was  unworthy  of  Gibbs,  who  in  most  of  his 
works  exhibited  great  good  sense. 


Sect.  X. 

MUSEUMS. 

2913.  A  museum  is  a  building  destined  to  the  reception  of  literary  or  scientific  curiosities, 
and  for  that  of  the  works  of  learned  men  and  artists.  The  term  was  first  applied  to  that 
part  of  the  palace  at  Alexandria  appropriated  solely  to  the  purpose  of  affording  an  asylum 
for  learned  men ;  it  contained  buildings  and  groves  of  considerable  magnificence,  and  a 
temple  wherein  was  a  golden  coffin  containing  the  body  of  Alexander.  Men  of  learning 
were  here  lodged  and  a  ouimodated  with  large  halls  for  literary  conversations,  and  porticoes 
and  shady  walks,  where,  supplied  with  every  necessary,  they  devoted  themselves  entirely  to 
study.  The  establishment  is  supposed  to  have  been  founded  by  Ptolemy  Fhiladelphus, 
who  here  placed  his  library.  It  was  divided  into  colleges  or  companies  of  professors  of  the 
several  sciences,  and  to  each  of  such  professors  was  allotted  a  suitable  revenue.  Museums, 
in  the  modem  sense  of  the  word,  began  to  be  established  about  the  sixteenth  century,  when 
collections  were  formed  by  most  of  the  learned  men  who  studied  natural  history. 

2914.  Museums  on  a  small  scale  are  becoming  every  day  more  common  in  the  principal 
towns  of  this  country,  and  we  hope  the  day  is  not  distant  when  none  will  be  without  its 
collections  of  science,  literature,  and  art.  Where  economy  requires  it,  and  the  collection  in 
each  department  be  not  too  large,  the  whole  nuiy  be  properly  and  conveniently  comprised 
within  one  building.  In  respect  of  security  against  fire,  and  quietness  of  the  situation,  the 
same  precautions  will  be  necessary  as  are  indicated  for  libraries  in  the  preceding  section, 
and  murt  always  be  observed. 

29)5.  Great  skill  is  necessary  in  introducing  the  light  propcriy  on  the  objects  in  a 
museum,  inasmuch  as  the  mode  of  throwing  the  light  upon  objects  of  natural  history  is 
very  different  from  that  which  is  required  for  pictures,  and  this,  again,  from  what  sculpture 
requires. 

2916.  J^>ecimens  illustrating  natural  history  sculpture,  vases,  and  the  like,  should,  if  pos- 
sible, be  lighted  vertically ;  and  we  have  seen  in  subsec.  2774.,  where  reference  is  made  to 
the  light  introduced  into  the  Pantheon,  how  very  small  an  opening  in  a  spherical  ceiling  will 
produce  abundance  of  light.  There  are  subjects,  nevertheless,  in  all  these  classes,  (in 
mineralogy  for  example,)  for  which  strong  side  lights  are  essential  to  an  advantageous 
exhibition  of  thenu     In  such  cases  small  recesses  may  be  practised  for  the  purpose.   At  the 
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Hotel  de  Monnaies  at  Paris,  the  presses  which  contain  the  collection  of  mineralogy  form  a 
circle  which  encloses  a  small  lecture  theatre,  and  thus  become  doubly  serriceaUe.  We 
mention  this  en  pa»$ant  that  the  student  may  be  aware  how  room  is  to  be  gained  when  the 
area  of  a  site  is  restricted.  Picture  galleries  in  a  museum,  as  elsewhere  by  thenuelTea, 
when  containing  large  puntings,  should  be  lighted  from  above.  In  this  case  the  lights 
should  be  in  square  or  polygonal  tambours,  whose  sashes  should  be  Tertical  or  slightly 
inclined  inwards,  their  Ibrms  following  the  form  on  the  plan  of  the  rooms.  The  noble 
pictures  of  Paul  Veronese  at  tlie  Louyre  could  not  be  seen  with  side  lights.  For  small 
cabinet  pictures  side  lights  are  well  adapted  to  their  display.  Every  one  will  reeoilect 
how  miserably  lighted  for  exhibiting  the  pictures  is  the  long  gallery  of  the  Louvre;  the 
same  may  be  said,  though  not  to  so  great  an  extent,  of  the  collection  of  sculpture,  whilst 
the  models  and  other  objects,  paintings  excepted,  in  the  Vieux  Louvre,  are  exhibited  to 
perfection. 

2917.  Where  the  same  museum  is  to  contain  several  classes  of  objects  the  suites  of  rooms 
for  the  different  departments  should  be  accessible  from  some  central  one  common  to  all : 
this  may  be  circular  or  polygonal,  as  may  best  suit  the  arrangement  and  means  ;  and«  if 
possible  frxim  the  site,  the  building  should  not  consist  of  more  than  one  story  above  the 
ground  ;  on  no  account  of  more  than  two. 

2918.  For  the  objects  it  contains  we  question  whether  the  British  Museum  is  surpassed, 
as  a  whole,  in  Europe ;  and  those  of  the  Vatican,  of  the  Uffi^  at  Florence,  of  Portici,  and 
of  Paris,  are  none  of  them  of  sufficient  architectural  importance  to  detain  the  reader  by  de- 
scription ;  neither  would  they,  if  so  described,  be  useful  to  the  student  as  modds.  At 
Munich  the  Glyptotek  for  sculpture,  and  the  Pinacotek  for  pictures,  are  in  some  respeets 
well  suited  to  the  exhibition  of  the  objects  deposited  in  them,  better,  indeed,  than  is  the 
museum  at  Berlin.  These  have  all  been  much  praised  by  persons  of  incompetent  judg- 
ment as  specimens  of  fine  architecture ;  but  we  cannot  recommend  the  study  of  them  to  any 
one  who  is  desirous  of  acquiring  a  pure  taste  in  the  art,  nor  indeed  any  other  works  of  the 
modem  German  school. 

5291 9  In  the  composition  of  museums  decoration  must  not  be  exuberant.  It  must  be 
kept  in  the  interior  so  far  subordinate  as  not  to  interfere  with  the  objects  to  be  ezhibttedt 
which  are  the  principal  features  of  the  place.  With  this  caution  we  do  not  preclude  the 
requisite  degree  of  richness  which  the  architecture  itself  requires.     Using  the  shorthand  of 

the  previous  chapter  —  e->  the  Greek  cross,  connected  by  a  dome  in  the  centre,  for  the 

great  hall  of  communication,  is  perhaps  as  good  a  form  for  a  museum  on  a  small  scale  as 
could  be  adopted :  however,  this  is  a  matter  which  would  form  an  admirable  exercise  for 
the  student 


SxcT.  XL 
OBftsavAToaics. 


2920.  We  had  great  doubts  upon  the  admission  of  this  section,  not  becatise  of  its  want 
of  importance,  but  because  we  can  scarcely  bring  ourselves  to  the  conviction  that  traversing 
domes  for  equatorial  instruments  and  chases  in  a  roof  for  fixed  ones  can  be  ever  united  with 
beauty  of  design.  The  observatory  at  Paris,  from  the  designs  of  Perrault,  is  a  noble 
building,  but,  we  believe,  is  universally  admitted  to  be  very  ill  suited  to  the  purposes  for 
which  it  was  built.     Hence  we  shall  be  brief  in  what  we  have  to  say  under  this  section. 

2921.  A  regular  observatory  is  one  where  instruments  are  fixed  in  the  meridian,  whereby, 
with  the  assistance  of  astronomical  clocks,  the  right  ascensions  and  declinations  of  the 
heavenly  bodies  are  determined,  and  thus  motion,  time,  and  space  are  converted  into 
measures  of  each  other.  On  the  observations  and  determinations  made  in  such  establish- 
ments they  are  therefore,  to  maritime  states,  of  vital  importance,  and  ought  to  be  liberally 
endowed  by  their  governments.  As  the  subject  will  be  better  understood  by  a  plan,  we 
subjoin,  in^^.  1031.,  a  plan  and  elevation  of  the  observatory  at  Edinburgh.  The  general 
form  of  the  plan,  as  will  be  therein  seen,  is  a  Greek  cross,  62  feet  long,  terminated  at  its 
feet  by  projecting  hexastyle  porticoes,  which  are  28  feet  in  front,  and  surmounted  by 
pediments.  The  intersecting  limbs  of  the  cross  at  their  intersection  9fe  covered  by  a  dome 
1 3  feet  diameter,  which  traverses  round  horizontally,  and  under  its  centre  a  pier  6t  solid 
masonry  is  brought  up  of  a  conical  form  6  feet  in  diameter  at  the  base,  and  1 9  feet  high. 
This  is  intended  for  a  portable  astronomical  circle  or  for  an  equatorial  instrument  fior  oAnerva- 
tions  of  the  heavenly  bodies  made  out  of  the  meridian.  In  the  eastern  foot  of  the  cross  (ft6) 
are  stone  piers  for  the  reception  of  the  transit  instrument ;  c  is  the  stone  pier  to  which  the 
transit  clock  is  attached ;  and  <f  is  a  stone  piece  on  which  an  artificial  horiscm  may  be 
placed,  when  observations  are  taken  by  reflection :  this  is  covered  by  a  floor  board  when 
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not  in  uae,  being  Jud  under  the  leiel  of  the  floor ;  ai 

the  irsllt  and  roof,  but  claBeBblebjmuniof  ibutlenwhen  the  ol 

the  weMern  aide  (ht)  are  chmia  n  in  the  tnoait  xoom-.ft  iugt  stone  ] 

of  ■  muni  circle ;  jr  the  clock  pier ;  h  the  pier  Ibr  an  artificial  horiic 

eimieal  pier  abore  mentioned,  over  which  Ibe  moreable  dome  is  placed,  having  ai 

(J)  in  the  eleration  for  the  puipoH  of  obKrvatioa  ;  *  is  the  obwrver'!  room ; 

S99S.  It  i<  l4>  be  eepecially  obserred  that  the  piers  for  the  reception  of  the  ir 
tnuit  not  be  in  any  way  connected  with  the  walls  of  the  building;  Ihey  should  Btind  on  the 
Kmiest  poaible  foundation,  which,  ifat  all  doubtflil,  mitat  be  formed  with  concrete,  and  the 
pleri  ibould,  if  poasiblc  be  out  of  a  single  block  of  atone ;  but  if  that  cannot  he  obtained, 
the  bed*  must  be  kept  eitremely  thin;  paitial  settlement  lieing  ruinous  to  the  niectjr  of  the 


■I  well  a 


appliei 


clock  pien,  all  Tibration  and  settlement  being  injurious  ai 

Hill  otxemtory,  near  Kensington,  belonging  to  Sir  James  South,  there  is  a  traTenil 

dome  SO  feet  diaineter  in  (be  cleBr. 

9933.  A  dry  situation  should  lie  chosen  lor  the  ute,  fbr,  except  in  the  computiog  rootv 
mo  fire  beat  can  be  allowed ;  and  it  is  important  that  the  brass  whereof  the  instruments  a 
made  should  tut  be  corroded  by  the  action  of  moisture.  Tn  large  public  obserratori 
there  should  be  the  rcadiet  access  from  one  part  to  another,  and  rooms  fbr  a  library  ar 
computers  independept  of  the  chief  astronomer's  room. 
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Sect.  XII. 

UOHTUOUSKS. 

2924.  It  may  perhaps  be  thought  that  we  are  touohing  on  the  province  of  the  engineer 
in  devoting  a  section  to  lighthouses ;  but  we  cannot  forego  the  completion  of  the  pre- 
vious section  by  some  few  observations  on  lighthouses,  which  are  the  handmaids  to  the 
important  results  which  flow  from  observatories,  being  the  spots  which  verify  the  course  of 
the  navigator,  and  serve  as  precautions  for  his  guidance  when  near  the  shores  of  a  country. 

2925.  The  lighthouse  dates  from  the  earliest  period;  and  without  entering  into  the 
question  whether  the  ancient  lighthouses  were  dedicated  to  the  gods,  or  whether  the 
towov  erected  for  the  purpose  of  warning  the  mariner  were  nautical  coll^^es,  wher« 
astronomy  and  the  art  of  navigation  were  perfectly  taught,  we  may  at  once  proceed  to 
state  that  in  the  earliest  times  they  appear  to  have  conusted  of  a  tower  of  masonry,  some- 
times of  a  circular  form,  but  usually  square,  and  consuting  of  various  apartments,  as  the 
establbhment  was  greater  or  less,  wherein  was  a  raised  altar  upon  which  the  beacon  was 
established. 

2926.  Those  who  wish  to  pursue  the  history  of  the  lighthouse  must  be  referred  by  us 
to  Jacob  Bryant,  whose  theory  is  so  pleasant  that  to  it  we  must  apply  the  old  li^iaa 
saying,  **  Se  mm.  i  vera  i  ben  trooato,**  We  therefore  leave  the  reader  to  consult  our  author 
on  the  subject  of  the  purait  or  fire-towers.  So  also  we  shall  not  touch  upcxi  their  per- 
version, nor  the  alleged  dissoluteness  and  barbarity  of  the  priests  and  priestesses  who  had 
the  care  of  them,  which  we  believe  to  be  fables. 

2927.  Certain  however  it  is  that  the  whole  of  the  ancient  establishment  of  fire-towers  or 
lighthouses  at  an  early  period  common  on  the  shores  of  the  Mediterranean,  the  Archi- 
pelago, the  Bosphorus,  and  Red  Sea,  have  long  since  disappeared.  Among  the  nnosC 
celebrated  of  these  was  the  Pharos  of  Alexandria,  which  has  given  its  name  in  French 
and  Italian  to  all  lighthouses.  It  was  accounted  one  of  the  seven  wonders  of  die  world, 
and,  in  history  at  least,  has  perpetuated' the  glory  and  name  of  its  founder,  Ptolemy  Phila- 
delphus.  If  Pliny  may  be  relied  on,  it  was  the  work  of  Sostratus,  SOO  years  b^ore  the 
Christian  sera,  and  bore  an  inscription  to  the  following  effect :  **  Sostratus  the  Gmdian,  the 
son  of  Dexiphanes,  to  the  gods  preservers,  for  the  benefit  of  those  who  use  the  sea." 
Lucian,  however,  says  that  this  inscription  was  crafHly  covered  with  plaster,  on  which  the 
name  of  Ptolemy  was  inscribed,  but  that  the  decay  of  the  plaster  left  the  name  of  Sostratus 
only.  The  story  is  however  improbable,  and  is  dependent  entirely  on  the  authority  of  the 
satirist.  The  dimensions  of  this  building  are  not  satisfiustorily  known :  some  have  said 
its  height  was  3(X)  cubits,  or  100  times  the  height  of  a  man,  which  would  assign  to  it  a 
height  of  5.S0  feet.  On  its  top  a  fire  was  constantly  kept,  which,  according  to  Josephus,  was 
seen  at  the  distance  of  three  hundred  stadia,  equal  to  about  forty-two  Britbh  miles,  which 
is  a  reasonable  account ;  but  those  who  have  delighted  in  marvellous  stories  have  made  the 
distance  one  hundred  miles,  and  others  have  wcmderfiilly  gone  beyond  the  last  by  assigning 
seven  hundred  miles  as  the  distance,  from  which  the  speculum  used  distributed  light ! 
That  this  work  was  one  of  extraordinary  magnificence  cannot  be  doubted;  the  cost  has  been 
stated  at  800  talents  (300,000/.  sterling) ;  and  there  is  reason  to  suppose  that  it  was  tpuui 
the  parent  of  all  others :  but  all  we  have  said  must  be  taken  with  great  allowance,  except 
that  we  believe  it  was  a  splendid  monument  of  the  time. 

2928.  We  have  thus  far  extended  in  this  caso  our  observations,  not  perhaps  in  very 
strict  accordance  with  the  plan  of  this  chapter,  which  relates  rather  to  principles  than 
history ;  and  the  only  excuse  we  offer  is,  that  we  know  not  where  in  our  work  they  might 
have  been  more  appropriately  introduced.  We  perhaps  may  not  better  satisfy  the  reader 
in  what  follows ;  which,  from  the  nature  of  the  subject,  must  be  more  instructive  from  what 
has  been  actually  executed  than  fi^mi  the  general  principles  upon  which  the  construction 
of  a  lighthouse  depends. 

2929.  The  most  architectural  of  modem  lighthouses  is  that  of  Corduan  on  the  coast  of 
France,  which  stands  on  a  large  rock,  or  rather  on  a  low  island,  about  three  miles  from  land, 
at  the  entrance  of  the  river  Garonne.  Like  that  of  Alexandria,  this  lighthouse  seems  to 
have  been  intended  for  the  commemoration  of  an  sera  in  the  history  of  France  from  the 
eminent  utility  of  the  building  and  the  magnificence  of  its  structure.  Founded  about  the 
year  1584,  in  the  reign  of  Henry  II.  king  of  France,  it  was  carried  on  under  the  reigns 
of  three  successive  monarchs,  arriving  at  its  completion  in  1610,  in  the  reign  of  Henry  IV. 
It  stands  upon  a  platform  of  solid  masonry,  and  is  surrounded  by  a  panqiet  about  145 
feet  in  diameter,  which  is  equal  to  the  height.  The  lightkeepers*  apartments  and  store 
rooms  are  not  in  the  main  tower,  but  form  a  detached  range  of  buildings  on  the  great 
platform,  the  interior  of  the  tower  itself  being  finished  in  a  style  of  magnificence  too 
splendid  for  the  use  of  common  persons.  Over  the  fuel  cellar,  which  is  formed  in  the 
solid  masonry  of  the  platform,  is  the  great  hall,  22  feet  square,  20  feet  high,  with  an  arched 
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tobea  wid  other  conTenw 


ccilins. 


There  uc  oa  this  floor  ■  Totibule,  Ito  varJioba,  uiil  oChe'r  conTeniencei.  '  On  Ihe  Ihi^ 
floor  is  placed  tbv  chapel,  for  a  prieit  who  occaaionallj  u^i  moaa  is  attached  to  the  catii- 
hlishment.  Odd  this  is  2\  feet  in  diameter,  domed,  utd  40  feet  high,  and  lighted  h;  eight 
windows.  There  is  an  eje  in  the  dome  through  which  is  seen  the  amamcntal  roof  of  the 
room  above,  uid  that  is  14  leet  diameter  and  ST  feet  high.  This  is  used  b;  Ihe  lighikeepers 
tA  H  wAtch  rooTQ.  Over  it  rises  on  apsrtmeat,  which  is  immedisteljr  under  the  light  room, 
used  for  holding  sufficient  fuel  for  one  night's  conEumption,  and  capable  itself  of  being 
converted  into  a  place  for  the  eihibition  of  a  light  in  cose  of  repairs  being  required  to  any 
extent  in  the  main  light  room,  which,  as  we  hare  said,  is  immediately  over  it,  and  is 
■urrounded  by  a  balcony  and  circular  stone  panpel.  The  height  from  the  floaclo  Ihe  top  oT 
Ihe  cupola  of  the  origitial  lantern  or  light  room  was  IT  feet,  and  being  unglized,  the  smoke 
was  carried  out  on  either  side  in  the  direction  of  the  wind.  The  roof,  marearer,  formed  ■ 
kind  of  chimney  in  the  tbrm  of  a  spire,  terminating  with  a  ball  The  height  of  Ihe  light 
room,  which  was  entirely  of  stone,  was  31  feet  from  the  light  room  floor  to  the  ball  on  the 
top  of  the  spire.  The  fuel  first  used  (or  Ihe  light  was  oak,  after  which  pit  coal  was  in- 
troduced ;  tnit  in  modem  times  lamps  and  reflectors  hare  succeeded  the  last,  and  the  light 
i*  now  MCD  at  a  proper  distance. 

S930.   In  England  Ihe  student  may  turn  to  the  Eddystone  lighthouse,  by  the  celebrated 
Smealon,  not  only  as  an  object  of  great  beauty,  but  of 
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seen  in  Gg.  1032.  This  is  a  fine  i 
[nvducing  beauty.  The  renstance 
waves  arises  from  the  beautiful  cur 
them  op  it  instead  of  being  broken  ugai 
in  stormy  weather,  the  waves  actually  roll  up  the  side, 
and  tall  in  a  contraij  curre  over  the  top  of  the  light- 
house. The  beds  iMtbe  masonry  are  so  Uud  and  dove- 
tailed and  joggled  into  the  rock  itself  as  to  become  a 
port  of  it.  Tlie  IWiHtBtian  stone  of  it  was  lud  on  Ihe 
IStbof  June,  IT5T,  and  it  was  firrt  lighted  on  the  I  Gib 
of  October,  1759.  A  narrative  of  the  work  was  pub- 
lished by  Mr.  Smotoo,  to  whjch  for  detail  the  reader 
is   relerred.      Tlie  two  lower  stories  are   used  as  store 

which  is  the  bedroom,  over  which  is  the  light  room. 

S931.  llius, wesee, there  is  no  reasonwhy  lighthouses 
should  not  be  beautifully  formed  structures,  instead  of 
absurd  misshapen  masses  of  masonry,  as  they  generally 

intolerable ;  they  should  pooess,  according  to  the  dif- 
ferent uluations,  a  character  peculiar  to  tbemBelves  : 
hence  the  application  of  a  column  for  the  purpoae  is 
the  worst  of  abuses.  The  North  Foreland  lighthouse. 
whose  plan  is  polygonal,  would  be  a  good  example  had 
the  det«ls  been  properly  attended  to  in  the  design.  We  i 
do  not  here  touch  upon  the  mode  of  lighting,  which  ' 
has  of  late  yean  occupied  much  attention,  hsring  con- 
sidered the  doty  of  the  srcbiteot  performed  when  he 
has  provided  a  beautiful,  lasting,  and  secure  fitbric  for  the  re 


9S33.  It  may  be  thought  unnecessary  to  asngn  a  section  in  this ' 
ofa  species  of  building  uofbrlunately  unknown  to  this  country,  in  w 
is  truly  a  reproach.  The  improvements  still  in  progress  however 
ire  hope,  the  eipectallon  that  the  paltry  interests  of  a  particular 
oppoflitimi  of  the  corporation  of  Ihe  city  of  Londoo,will  not  much 
the  removal  of  Smithflcld  market,  and  the  establishmei 
abattoirs  round  the  different  outtkirta  of  the  metropolis. 


798  PRACTICE  OF  ARCHITECTURE.  Book  III. 

to  interlere  and  itop  the  danger  and  unwholesomeneas  of  the  present  praotioe,  and  not  to 
leave  it  to  individuals  to  improve  the  comforts  and  security  of  London  and  its  fluburhs. 
The  cemeteries  established  by  companies  have  done  mudi :  we  hope  to  see  the  day  when 
the  subject  in  question  will  be  jforeed  on  the  government,  without  respect  to  the  eorporatioo 
tolls  of  the  market  at  Smithfield. 

89S3.  The  accidents  arising  from  overdriving  cattle  through  the  narrow  streets  of  Paris, 
and  the  infectious  effluvia  from  the  slaughter-houses  often  causing  contagions  maladies  in 
their  neighbourhood,  induced  the  French  government,  in  1811,  to  execute  a  project  which 
had  been  entertained  for  nearly  a  century  previously,  that  of  removing  all  the  slaughter-houses 
from  the  heart  of  their  capitaL  The  roult  of  tfiis  determination  has  been,  not  only  the 
prevention  of  all  cause  c^  complaint  of  the  former  inconveniences,  but  has  produced  a  set  of 
buildings  bearing  a  character  <^  grandeur  and  magnificence  proportionate  to  their  destinatioD. 
It  was  a  worthy  exercise  of  the  power  of  the  government ;  it  has  obviated  the  disgnicelul 
sights  almost  everv  day  witnessed  in  London,  sights  tending  to  deprive  the  lower  classes 
of  humanity,  and  to  render  them  ferocious,  to  corrupt  the  mind,  to  offend  the  eye^ 
and  to  injure  the  public  health.  Without  strictly  adhering  to  the  term  abattoir,  which 
would  more  properly  signify  a  slaughter-house  where  the  cattle  are  slaughtered,  we  mean 
by  our  proposition,  not  only  the  place  for  killing  the  cattle,  but  an  establishment  where, 
after  they  are  killed,  under  the  inspection  of  proper  officers,  the  skins  are  arranged  for  sale, 
as  well  as  the  tallow  obtained  from  the  &t,  before  these  are  distributed  to  the  respective 
trades. 

S934.  Political  economists  have  doubted  whether  an  individual  ought  to  be  restricted  in 
the  exercue  of  his  industry  wherever  he  may  think  it  most  conducive  to  his  interest ;  we 
are  however  inclined  to  apply  to  the  principle  the  maxim  of  the  lawyers,  **8ic  utere  tuo  ut 
alienum  non  Isedas,"  and  think  that  disagreeable  and  unwholesome  establishments  should 
be  removed  from  all  large  cities.  Tbe  experiment  however,  at  all  events,  has  been  most 
successfully  made  in  Paris,  where  butchers  are  no  longer  allowed  to  kill  their  cattle,  except 
in  the  public  abattoirs.  For  the  purpose  five  open  airy  spots  have  been  selected  in  the 
outskirts  of  the  city,  corresponding  in  sise  to  the  demand  of  those  parts  of  the  town  to 
which  they  are  correspondent.  Those  of  Memlmontant  and  of  Montmartre  are  the  most 
conuderable  and  extensive ;  but  the  rest  are  constructed  on  similar  plans,  in  which  there  is 
no  diffbrence  except  in  the  number  and  extent  of  the  buildings.  We  shall  therefore  describe 
generally  the  flrst  named,  that  of  Menilmontant. 

89S5.  The  slaughter-house  of  Menilmontant  at  Paris  is  ntuated  on  a  declivity,  which  con- 
tributes to  its  good  drainage,  and  the  consequent  salubrity  of  the  establishment.  It  stands  on 
a  site  about  700  feet  by  about  620  feet,  bemg  insulated  between  four  streets.  Through  an 
iron  railing,  about  108  feet  in  extent,  flanked  by  two  lodges,  or  paviUons,  in  which  are  ac- 
commodated the  officers  of  the  establishment  and  their  bureauXf  is  the  principal  entrance  of 
the  edifice.  On  entering  from  this  a  large  square  space  presents  itself,  from  the  coitre 
whereof  may  he  seen  the  whole  of  the  buildings,  twenty-three  in  number,  composing  the 
abattoir.  This  court  is  about  31 5  feet  broad,  and  on  its  great  sides  about  475  feet  long^ 
and  on  its  right  and  left  are  four  double  buildings,  separated  by  a  road  which  traverses  the 
whole  ground  parallel  to  the  principal  fefade.  Tbese  are  the  slaughter  .houses,  each  whereof 
Ls  about  200  feet  long  by  136  feet  in  breadth,  and  they  are  separated  by  a  paved  court, 
in  the  direction  of  their  length,  so  inclined  as  to  carry  off  the  filth,  such  court  dividing 
them  into  two  piles  of  building,  each  of  which  oontams  eight  slaughter-houses  for  the 
particular  use  of  the  butchers.  Each  slaughter-house  is  lighted  and  ventilated  from  openings 
in  the  front  walls.  Above  them  are  attics  for  drying  the  skins  and  depositing  the  taUow, 
and  to  keep  them  cool  the  flat  roofe  project  very  considerably.  Behind  the  slaughter- 
houses, and  parallel  to  them,  are  two  sheepfolds,  and  at  their  extremities  two  stables,  eaeh 
of  which  contains  lofU  for  the  hay,  and  on  each  side  of  the  court  complete  the  two  masses 
of  building  which  compose  the  design.  At  the  end  of  the  court  is  a  convenient  watering 
place,  and  two  folds  for  the  first  distribution  of  the  cattle ;  and  also  two  insulated  buildings 
for  melting  the  tallow.  These  are  intersected  by  a  broad  corridor,  giving  access  to  four 
separate  melting-houses,  with  vaulted  cellars,  which  serve  as  coolers.  Beyond  these, 
parallel  to  the  enclosing  wall,  are  two  long  buildings,  divided  into  many  war^ouses  on  the 
ground  and  first  floor,  and  standing  on  cellars,  in  which  the  undressed  leather  is  kept,  the 
upper  floor  being  destined  for  the  reception  of  calves*  and  sheep  skins.  The  last  point  to 
be  noticed  is  a  large  double  reservoir  of  water,  of  masonry,  carried  on  two  series  of  vaults, 
which  serve  as  stands  for  carriages.  A  steam-engine  between  the  two  basins  pumps  the 
water  into  the  reservoir.  Tbe  basins  are  about  323  feet  in  length.  Happe  was  the  archi- 
tect; and  the  cost  was  something  above  120,0002.  The  rent  which  some  years  ago  the 
five  establishments  yielded  to  the  city  was  about  12,0002.  per  annum. 

2936.  The  description  we  have  given  shows  the  general  distribution  of  the  buildings, 
which  are  the  subject  of  the  section.  Although  general,  we  apprehend  that,  with  the 
particular  information  of  which  in  every  case  the  architect  must  possess  himself  enough 
has  been  said  on  the  sulgect. 
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SicT.  XIV. 

BZCHAHOSa. 

2957.  An  exchange  is  a  place  of  meeting  and  resort  for  the  merchants  of  a  city  to  trans- 
act the  affiurs  relating  to  their  trading.  We  are  not  aware  that  the  ancients  had  any 
edifices  exactly  in  their  destination  resembling  the  modem  exchange,  as  used  by  us  in 
these  days ;  there  is,  indeed,  every  reason  to  believe  that  the  ancient  basilica  served  at  the 
same  time  for  the  accommodation  of  the  oflScers  of  the  law  and  for  the  assembling  of  the 
merchants. 

2958.  All  modem  cities  with  any  pretension  to  commerce  have  some  place  appropriated 
to  the  reception  of  the  merchant,  to  which  at  a  certain  hour  he  resorts.  Sometimes  we 
find  it  a  place  surrounded  with  porticoes  and  planted  with  trees.  Often  it  is  a  building, 
including  several  porticos  on  the  ground  floor,  surrounded  by  ofiSces  for  the  bankers  and 
money-changers,  which  latter  use  has  given  among  us  the  name  of  exchange  to  the 
building. 

S939.  The  Exchange  at  Amsterdam  seems  fi>r  a  long  time  to  have  prevailed  as  the 
model  for  all  others.  It  was  commenced  in  1608,  and  finished  in  1613,  and  its  architect 
was  Comelis  Daukers  de  Ry.  It  is  about  271  feet  long,  and  about  152  feet  wide.  The 
whole  edifice  is  supported  on  three  large  arches,  under  which  flow  as  many  canals.  On 
the  ground  floor  is  a  portico  surrounding  a  court,  above  which  are  halls  supported  <mi 
forty-six  piers.  Tlie  divisions  which  they  form  are  numbered  and  assigned  each  to  a  par- 
ticular nation  or  class  of  merchants.  In  the  court,  and  within  the  enclosure,  is  the  place  of 
meeting  for  mercantile  affairs.  At  the  top  is  another  large  hall,  and  a  warehouse  for 
various  kinds  of  merchandise. 

2940.  The  exchange  is,  perhaps,  next  in  importance  to  the  cathedral  of  the  city,  and 
should  be  commensurate  in  appearance  and  accommodation  with  its  wealth  and  conse- 
quence ;  it  should,  moreover,  if  possible,  be  placed  in  the  most  central  part  Such  was 
Sir  Christopher  Wren's  idea  in  forming  the  plan  of  London  after  the  conflagration.  He 
considered  the  forum  of  the  ancients  to  be*  the  true  model  upon  which  a  modem  ex- 
change might  be  engrafted,  and  we  think  he  wss  correct  Any  edifice  which  in  appear- 
ance resembles  an  ancient  temple  is  unfit  in  character,  and  shows  puerility  and  poverty  of 
imagination  in  the  designer.  Porticoes  are  the  principal  features  of  such  a  building,  and 
the  variety  in  which  they  may  be  used  for  the  purpose  is  infinite^  and  will  afford  ample 
scope  for  the  artist's  talent 

2941.  No  offices  or  shops,  as  about  to  be  constructed  in  the  new  Royal  Exchange,  for 
the  purpose  of  obtaining  rent,  should  be  connected  with  the  fabric,  save  only  as  in  Paris,  for 
example,  a  THbumal  de  Commerce  with  its  accessories,  an  establishment  much  wanted  in 
England ;  and  perhaps  in  addition  to  this,  in  a  maritime  country  like  ours,  a  large  hall  and 
oflSoes  for  the  transaction  of  buuness  relating  to  the  shipping  interest. 

2942.  In  London  and  other  places  it  has  been  usual  to  leave  the  court  of  resort  open  to 
the  heavens ;  an  absurd  practice,  which,  we  suppose,  because  it  was  so  before,  has  been  re- 
adopted  in  the  exchange  about  to  be  rebuilt  in  this  city.  The  FVench  are  wiser,  and 
though  the  weather  is,  generally  speaking,  much  finer  in  France  than  it  is  here,  they  build 
their  exchange  with  a  roof,  for  the  comfort  of  those  that  use  it  If,  however,  our  merchants 
prefer  exposure  to  the  inclemency  of  the  seasons,  it  is  not  our  business  to  complain  of  the 
fancy. 

2943.  As  we  consider  the  Bourse  at  Paris  an  admirable  model,  both  in  distribution  and 
design,  we  shall  briefly  h^e  describe  it  The  edifice  in  question  was  begun  in  1806,  under 
the  designs  of  Brongniart,  and  completed  by  Labarre  at  a  much  protracted  period.  The 
general  form  on  the  plan  is  a  parallelogram  of  212  feet  by  126  feet  It  is  sunrounded  by 
an  unbroken  peristyle  of  sixty-six  Corinthian  columns,  supporting  an  entablature  and  attic. 
The  peristyle  forms  a  covered  gallery,  to  which  the  ascent  is  by  a  flight  of  steps  extending 
the  whole  width  of  the  westem  front  The  intercolumniations  on  the  walls  are  filled  in 
with  two  tiers,  one  above  the  other,  of  arched  windows,  separated  by  a  Doric  entablature, 
and  surmounted  by  a  decorated  frieze.  The  roof  is  formed  entirely  of  iron  and  copper. 
In  the  centre  of  the  parallelogram  is  the  SaUe  de  la  Bourse,  or  great  hall,  116  feet  long  and 
76  leet  broad,  wherein  the  merchants  and  broken  assemble.  Hie  Doric  order  is  that  used 
with  arcades  round  the  sides,  and  between  the  arcades  are  inscribed  the  names  of  the  prin- 
cipal mercantile  cities  in  the  world.  The  ceiling  is  formed  by  a  cove,  and  in  the  centre  a 
large  skylight  serves  for  lighting  the  great  hall  just  described.  It  is  rich  in  sculpture,  and 
decorated  with  monochrome  paintings,  to  imitate  bassi  relievi,  sixteen  in  the  whole,  that  is, 
five  on  each  long  and  three  on  each  short  side.  They  are  all  allegorical.  Hie  hall  con- 
veniently contains  2000  persons.  At  its  eastern  end  is  a  circular  space  railed  off  for  the 
convenience  of  the  agene  de  ehcmge  :  these  only  are  admitted  within  it,  and  to  it  there  is 
a  communication  from  their  hall  of  business.     On  the  right  tat  rooms  for  the  committee 
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and  syndicate  of  the  agens  de  change,  for  the  eonrtierg  de  eommeree,  and  a  hall  of  meeting 
for  the  latter.  On  the  left  is  an  ample  staircase  leading  to  the  gallery,  supported  by  Doric 
columns,  and  to  the  hall  of  the  Tribunal  de  Commerce,  with  its  sereral  apartments  and 
waiting  rooms.  From  the  gallery,  as  on  the  ground  floor,  a  corridor  extoids  round  the 
Salle,  communicating  with  the  Chamber  of  Commerce,  the  Court  of  Bankruptcy,  and  other 
public  oflSces.  The  cost  of  this  very  elegant  and  splendid  building  was  about  S26,000£.  ; 
but  the  merchants  and  city  of  London  disgrace  themselves  by  allowing  150,000£.  for  a 
similar  purpose  here ;  and  even  for  this  sum  they  cut  up  their  building  into  little  slices,  to 
reimburse  themselves  by  rents  for  the  miserable  outlay.  So  much  for  the  spirit  and  liberality 
of  the  British  merchant ! 


Sect.  XV. 

CUSTOM- Houses. 


2944.  It  is  almost  unnecessary  to  inform  our  readers  that  a  custom-house  is  an  establish- 
ment for  receiving  the  duties,  or,  as  they  are  called,  customs  levied  on  merchandise 
imported  into  a  country,  as  well  as  of  regulating  the  bounty  or  drawback  on  goods  ex- 
ported.    According,  therefore,  to  the  importance  and  wealth  of  a  city,  the  building  to 
receive  it  is  of  considerable  consequence.     The  first  point  that  immediately  presents  itself 
is,  that  it  should  be  provided  with  spacious  warehouses  for  holding  the  merchandise  which 
arrives,  and  in  which  it  is,  as  it  were,  impounded  till  the  duties  are  paid ;  and  next,  that 
there  must  be  provided  ample  accommodation  for  the  oflSoers  who  are  to  supervise  the 
levying  of  the  imposts.     Now,  these  being  the  data,  it  is  manifest  that  there  can  be  no 
building  so  subject  to  modification  in  every  respect  as  a  custom-house,  and  that  that  which 
might  be  well  suited  to  a  small  town  or  city,  looking  to  its  trade,  would  be  ridiculous 
either  in  excess  or  smallness  in  another.     Yet  there  are  general  principles  which  should 
guide  the  student  in  designing  the  smallest  as  well  as  the  largest  establishment  of  this 
sort,  and  these  are  contained  in  the  two  maxims,  of  ample  capaciousness  for  the  merchandise 
to  be  received  into  the  warehouses,  and  a  panoptical  view,  on  the  part  of  the  proper 
officers,  of  that  which  passes  in  the  establishment.      Without  these  requisites,  a  custom- 
house is  an  ill-planned  building ;  but  it  is  not  to  be  supposed  that  such  an  observation  can 
apply  to  an  establishment  of  this  nature  in  a  metropolis  like  London,  the  subdivisions  and 
details  of  whose  commerce  have  found  as  yet  all  the  delegations  of  the  customs  in  the 
various  docks  and  sufferance  wharf  still  even  too  small  for  the  commerce  of  the  country, 
and  have  induced  the  government  to  extend  the  collection  of  the  dues  beyond  the  central 
establishment     We  must,  however,  return  to  the  custom-house  calculated  for  a  port  of 
ordinary  sixe,  and  not  that  of  a  metropolis  like  London,  though  presently  we  must  refer  to 
what  on  that  has  been  thought  necessary  for  our  guidance  in  smaller  matters.     Security 
against  fire  must  he  strictly  attended  to.    The  warehouses  and  covered  places  for  examining 
and  stowing  the  goods  should  therefore  be  arched  in  brick  or  stone,  and  should,  moreover, 
be  as  much  as  possible  on  the  ground  floor.     The  officers  for  the  public  and  heads  of  the 
establishment  may  be  over  them  on  the  first  floor.     Both  of  these  are,  of  course,  to  be 
regulated  in  size  by  the  extent  of  trade  in  the  place.    The  general  character  should  be  that 
of  simplicity ;    decoration  is  unsuited,  and  should  be  very  sparingly  employed.      The 
species  of  composition  most  suitable  seems  to  be  pointed  out  in  arcades  and  arched  open- 
ings.    The  site  should  be  as  near  as  may  be  to  the  river  or  port,  so  that  the  merchandise 
may  be  landed  and  housed  with  as  little  labour  as  possible. 

2945.  The  following  is  a  general  view  of  the  apartments  and  offices  of  the  London 
Custom  House.  The  long  room,  which  is  the  principal  public  room  for  the  entries  &c,  is 
1 90  feet  long  and  66  wide.  This,  as  well  as  the  rooms  next  enumerated,  are  on  the  first 
or  principal  floor,  via.  a  pay  office  for  duties,  treasury,  bench  officers  or  commissioners* 
rooms,  secretary's  room,  rooms  for  the  inspector  general,  surveyor  of  shipping,  r^strar  of 
shipping,  surveyor  of  acts  of  navigation,  strong  roouis,  comptrollers,  outward  and  inward, 
surveyor  of  works ;  Trinity  light  office,  bond  office,  board  room,  chairman*s  room,  com- 
mittee room  and  plantation  clerk*s  office.  On  the  ground  floor  are  the  following  offices : 
for  minute  clerks,  clerk  of  papers,  petitions,  messengers,  landing  surveyors,  wood  farm 
office,  tide  waiters,  tide  surveyors,  inspectors  of  river,  guagers,  landing  waiters,  coast 
waiters,  coast  office  long  room,  coast  bond  office,  coffee  office,  housekeeper,  s«irchers, 
merchants  and  brokers'  rooms,  oomptrolling  searchers,  appointers  of  the  wei^ers  and  office 
for  the  plantation  department  Besides  these  apartments  there  are  warehouses  for  the  mer- 
chandise. 

2946.  The  above  long  list  will  give  a  notion  of  what  would  be  wanted  on  a  smaller 
scale ;  but  on  such  matters  the  special  instructions  on  each  case  must  be  the  guide  to  the 
architect  in  making  his  design.    Many  of  the  above  offices  would,  of  course  be  unnecessary 
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in  a  small  port,  neither  would  the  dimensions  be  so  large  as  in  the  example  quoted.  The 
staircases,  corridors,  and  halls  must  be  spacious  in  all  cases,  the  building  being  one  for  the 
service  of  the  public. 


Sect.  XVI. 

THKATRXS. 


2947.  A  taste  for  dramatic  representations  prevailed  at  a  very  early  period  among  the 
people  of  antiquity,  and  this  was  not  diminished  by  the  introduction  of  Christianity,  even 
when  the  temples  were  deserted  and  paganism  seemed  extinct.  The  destruction  of  these, 
however,  was  its  concluding  triumph.  It  would  be  a  difficult  matter  to  fix  the  precise  date 
of  the  abolition  of  the  pagan  theatre,  but  it  seems  likely  to  have  resulted  rather  from  the 
falling  into  decay  of  the  old  theatres  than  from  a  disinclination  on  the  part  of  the  people 
to  the  pleasure  they  received  at  them.  It  is  not,  however,  the  object  of  this  section  to  trace 
the  history  of  the  theatre ;  though  we  think  it  right  to  say  a  few  more  words  on  the  subject. 
With  the  revival  of  the  arts,  the  taste  for  scenic  representations  appeared  with  the  literature 
on  which  they  are  dependent.  In  Italy  we  find,  therefore,  the  drama  at  this  period  repre- 
sented in  very  large  enclosures,  such  as  the  amphitheatre  constructed  by  Bramante  in  the 
large  court  of  the  Vatican,  whence  the  taste  soon  spread  over  all  the  nations  of  Europe. 

2948.  The  pleasure  which  flowed  from  this  renewal  of  an  ancient  art  was  at  first  con- 
fined to  few,  and  those  were  either  men  of  learning  or  select  societies,  who  bore  the  expenses, 
and  again  raised  in  the  country  a  renewal  of  a  theatre  much  resembling  those  of  the 
ancients  as  respected  the  form  and  disposition.  To  prove  this,  we  need  only  cite  the 
example  of  the  celebrated  theatre  at  Vicenza,  built  by  Palladio  in  1 583,  and  designed  in 
imitation  of  the  ancient  theatres.  Its  form  is  a  semi-ellipsis,  whose  transverse  axis  is  parallel 
with  the  scene,  encompassed  with  fourteen  ranges  of  steps  fiar  the  spectators.  The  greater 
diameter  of  this  ellipse  is  97)  feet,  and  the  lesser,  as  far  as  the  stage,  about  57|  feet.  At 
the  summit  is  a  corridor  of  the  Corinthian  order,  which,  from  the  want  of  ground,  could 
not  be  detached  all  round  from  the  external  wall.  The  nine  central  and  the  three  external 
intercolumniations,  therefore,  where  the  columns  touch  the  external  wall,  are  filled  with 
niches  and  statues.  The  stage  is  designed  with  two  tiers  of  Corinthian  columns  surmounted 
with  an  appropriate  attic.  In  the  front  of  the  stage  are  three  openings  through  which 
three  avenues  of  magnificent  buildings  appear,  and  at  the  end  of  each  is  a  triumphal  arch. 
All  these  are  executed  in  alto  relievo,  but  are  foreshortened  and  diminished  perspectively. 
A  full  account  of  this  building,  which  is  well  worth  the  student's  attention,  is  given  in 
V  Oriffine  deW  Acadtmia  Ofympica,  ^.  Opera  di  Ottavio  BertotH  Scamozzi.  Vicenza,  1 690. 
For  dramatic  representations  this  theatre  is  no  longer  used,  and  at  present  it  is  only  recog- 
nised as  a  monument  of  the  extraordinary  skill  of  the  architect,  and  a  memorial  of  the 
dramatic  buildings  of  its  period.  The  theatre  at  Parma,  built  by  Aleotti,  is  another 
building  belonging  to  the  same  class,  and  preserved,  like  the  last- mentioned,  as  a  curiosity. 

2949.  When,  however,  the  taste  for  scenic  amusements  began  to  spread,  the  sovereign 
princes,  who  alone  could  support  the  expense  of  such  establishments,  began  to  make  them  a 
necessary  part  of  their  palaces ;  and  the  theatre,  no  longer  a  public  and  essential  building, 
became  what  it  now  is,  not  an  edifice  for  the  reception  and  accommodation  of  the  whole 
population  of  a  city  at  certiun  periods,  but  a  place  which  served  for  the  habitual  amuse- 
ment of  those  who  could  afford  it  The  drama  again  revived,  and  its  history  is  an  index 
to  the  edifices  that  rose  for  its  representation.  Becoming  thus  necessary  for  the  amusement 
of  the  better  classes  of  society,  the  establishment  of  theatres  was  undertaken  by  individuals 
in  almost  every  city,  and  competition  was  the  natural  consequence.  Then  began  the 
division  of  the  theatre  into  different  parts,  the  entry  to  which  was  marked  by  different 
prices,  and  the  separation  of  the  common  people  from  those  of  rank  and  fortune. 

2950.  Italy  does  not  contain  so  many  theatres,  nor  of  such  consequence,  as  might  be 
predicated  from  the  taste  of  its  inhabitants.  Among  the  earliest  of  consequence  was  that 
built  at  Bologna  in  1763  by  Antonio  Galli  Bibiena,  (not  to  mention  that  built  at  Verona 
under  the  direction  of  the  celebrated  Scipio  Maffei  by  Francesco  Galli  Bibiena,)  with  a 
noble  portico  in  front  and  salons  in  the  angles,  possessing  moreover  great  merit  in  its 
interior  distribution.  In  the  Italian  theatres  there  is  almost  invariably  a  certain  feeling  of 
grandeur  and  unity  about  the  interior  little  to  be  expected  fit>m  the  exterior,  which  in  no 
way  leads  the  spectator  to  the  suspicion  of  a  fine  Stdle  de  Spedade  behind  it. 

2951.  France  has  the  credit  of  having  erected  the  first  modem  theatre  that  can  be  deno- 
minated an  example  in  this  species  of  monumental  architecture.  That  to  which  we  allude 
is  the  theatre  at  Bordeaux,  which  is  325  feet  in  length,  and  half  that  measure  in  width.  It 
is  surrounded  by  arcades,  whose  piers  are  decorated  with  pilasters  of  the  Corinthian  order, 
running  up  the  whole  height  through  the  ground' and  one-pair  stories.     Set  back,  an  attic 
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is  nuBed,  which  ooncedb  the  roof,  wherein  the  neoeaaary  aeoommodatioiis  which  a  theatie 
requires  are  disposed.  Whether  we  consider  the  exterior  or  interior  of  this  edifiee.  eyery- 
thing  is  grand  ;  the  accessories  are  worthy  of  the  whole,  and  the  richness  of  the  interior 
decoration  is  only  equalled  by  the  fine  forms  whereon  the  decorations  are  used.  The 
ingress  and  egress  are  admirable ;  and  a  splendid  concert-room  and  magnificent  staircases 
complete  the  destination,  to  which  it  is  so  suited,  as  to  afford  the  finest  model  of  a  theatre 
to  which  we  can  refer  the  student.  The  plans,  &c.  of  this  work  were  published  by  the 
architect,  under  the  title  of  SaUt  dt  Spectack  de  BcmrdtOMXy  atlas  folio,  Paris,  1782. 
Paris  but  followed  Bourdeaux  in  improving  its  theatres,  and  latterly  the  metropolis  of  Eng- 
land followed  in  the  wake. 

2952.  The  principal  points  for  the  consideration  of  the  architect  in  the  composition  of 
a  theatre,  may  be  classed  under  the  heads  of  utility,  suitableness  for  the  purpose,  and  taste 
in  combining  them.  Under  the  first  head  must  be  placed  the  accomplishment  of  two  main 
objects,  those  of  seeing  and  hearing  what  passes  on  the  stage,  lliese,  indeed,  are  inti- 
mately connected  with  each  other,  and  are  entirely  dependent  on  the  form  adopted  fi»r  the 
plan  of  the  interior,  that  is,  the  general  form  given  to  the  boxes  which  surround  the  part 
before  the  curtain.  We  are  not  aware  of  any  plan  which,  in  this  respect,  is  not  based  on  a 
quadrangular,  elliptical,  or  circular  form. 

2953.  The  quadrangular  form,  besides  its  want  of  beauty,  is  not  well  adiqited  for  ful- 
filling the  objects  with  which  we  set  out.  In  this,  the  greater  number  of  spectators  or 
audience  who  occupy  the  side  boxes,  are  so  inconveniently  placed,  that,  to  observe  what  is 
going  on,  their  heads  must  be  turned  sidewise,  and  they  are  hence  in  a  false  position  for 
the  object.  The  actor  being  generally  the  point  to  which  all  eyes  are  directed,  the  spec- 
tator close  to  the  proscenium  will  look  at  him  in  a  right  direction ;  but  as  the  spectator 
removes  to  the  extremity  of  the  side,  it  is  manifest  that  the  angle  in  which  the  head  must 
be  turned  becomes  sharper,  and  the  position  is  then  painful.  Besides  this  objection,  the 
form  is  known  to  be  un&vourable  to  hearing  or  to  the  propagation  of  sound. 

2954.  The  truncated  oval  is  in  some  measure  subject  to  the  same  inconveniences  on  the 
sides  as  the  last-mentioned  figure.  It  removes  also  a  large  portion  of  the  spectators  to  a 
considerable  distance  firom  the  centre  of  the  scene,  besides  which,  in  the  boxes  near  the 
proscenium  their  seats  tend  in  opposite  directions  to  the  actor.  It  has  been  to  remedy  these 
faults  that  the  form  of  the  horseshoe  has  been  adopted,  which  is  a  sort  of  mean  between  the 
({uadrangular  and  oval  forms :  and  where  the  plot  of  ground  is  much  longer  than  it  is  wide, 
it  is  a  suitable  figure,  and  one  which  affords  the  opportunity  of  increasing  the  number  ot 
boxes. 

2955.  When,  however,  the  circumstances  concur  in  allowing  it,  the  adoption  of  the 
semicircular  plan  \b  doubtless  the  best.  It  is  a  figure  which  allows  each  spectator  to  be  at 
an  equal  distance  from  the  scene,  that  also  by  which  the  spectators  in  adjoining  boxes  less 
interfere  with  one  another,  that  which  affords  the  means  of  all  seeing  equally  well,  that  in 
which  the  sound  is  most  equally  distributed,  and  that  whose  uniformity  and  simplicity  seems 
to  engender  the  best  decoration.  The  semi-elliptic,  with  the  transverse  axis  parallel  to  the 
proscenium,  has  interior  advantages  in  some  respects  over  the  semicircle ;  but  it  induces 
great  difiSculty  in  connecting  the  proscenium  itself  with  the  auditory  part  of  the  house, 
and,  by  increasing  the  width  of  the  proscenium,  increases  the  difficulty  of  framing  the  roof 
conveniently  for  the  painting  rooms,  and  securely  as  respects  the  walls. 

2956.  Upon  the  destruction  by  fire  of  Drury  Lane  Tlieatre,  a  pamphlet  appeared, 
entitled  "  Observations  on  the  Principles  of  a  Design  for  a  Theatre,**  by  Beivjamin  Wyatt, 
London,  8vo.  1811.  These  observations  are  so  well  worth  the  notice  of  the  student  that 
we  sliall  close  this  section  by  giving  the  substance  of  them.  The  heads  for  consideration, 
says  the  author,  are  — 

2957.  FirwL  The  sise  or  capacity  of  the  theatre,  as  governed  by  the  width  of  the 
proscenium  or  stage  opening ;  and  by  the  pecuniary  return  to  be  made  to  those  whose 
property  may  be  embarked  in  the  concern.  Second,  The  form  or  shape  of  the  theatre,  as 
connected  with  the  primary  objects  of  sound  and  vision.  Third,  The  facility  of  ingress 
and  egress,  as  materially  affecting  tlie  convenience  of  those  who  go  to  every  part  of  the 
house  respectively,  as  well  as  their  lives,  in  cases  of  sudden  accident  or  alarm.  Fomrtk, 
Decorum  amongst  the  several  orders  and  classes  of  the  visitants  to  the  theatre,  as  essential 
to  the  accommodation  of  the  more  respectable  part  of  those  visitants,  and  consequently  of 
great  importance  to  the  interests  of  the  theatre.  FifUi.  Security  against  fire,  as  well  with 
relation  to  the  expense  of  insurance  as  with  relation  to  the  lives  of  individuals  going  to  the 
theatre. 

2958.  The  size  or  capacity  will  necessarily  depend  very  much  on  the  width  of  the 
proscenium  or  stage  opening,  inasmuch  as  it  is  from  the  extremities  of  that  opening  that 
the  form  of  the  theatre  must  spring.  The  annexed  is  a  statement  of  the  width  of  proscenium 
at  the  theatres  named :  — 

Argentino,  at  Rome  .        .        «        •        •     36  feet. 

Covent  Garden  ......     38  feet 
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Th^tre  Italien,  Faru  (burnt)      -        .  38  feet 

Turin 39  feet. 

Bourdeauz  ......  39  feet. 

Pturma       - 40  feet 

Milan 40  feet 

San  Benedetto^  at  Venioe    .        .        .        .  40  feet 

Th^tre  Fran9oi8,  at  Paris  ....  40  feet 

Drury  Lane       ......  40  feet  6  inches. 

A  width  beyond  40  feet  seems  to  be  considered  by  the  performers  as  inconvenient  from 
the  space  they  would  have  to  pass  over  in  the  business  of  the  drama.  A  greater  width, 
indeed,  than  that  stated  prevents  the  easy  and  secure  working  of  the  scenes  for  the  machinery 
is  increased  in  magnitude  and  weight  as  the  height  and  breadth  of  the  scenes  increase.  In 
mere  tptctade  and  scenic  grouping  a  reduction  m  the  width  of  the  proscenium  reduces  the 
number  of  extra  performers,  or  supernumeraries  as  they  are  called,  which  become  necessary 
for  filling  the  stage.  Agfdn,  every  additional  foot  given  to  the  stage  opening  increases  the 
quantity  of  canvass  used  in  the  scenes,  as  well  as  the  framing  whereon  they  are  fixed. 

In  the  Edinburgh  New  PhUoaopkical  JounuH,  vol.  xxvii.,  there  are,  by  Mr.  J.  S.  Russell, 
some  elementary  considerations  of  certain  principles  in  the  construction  of  buildings  designed 
to  accommodate  spectators  and  auditors,  well  worth  the  architect's  notice.  In  every  large 
room,  says  the  writer,  a  perfectly  good  seat  is  one  in  which,  without  uneasy  elevation  of  the 
head  or  eye,  without  straining  or  stretching,  we  can  calndy  and  quietly  take  any  easy 
position,  or  variety  of  positions,  which  we  may  be  disposed  to  assume,  and  yet  may  in  all 
of  them  see  and  hear  the  speaker  with  equal  clearness  and  repose,  so  as  to  give  him  patient 
and  undisturbed  attention.  The  object  then,  is  to  ascertun  in  what  manner  the  interior 
of  a  building  for  public  speaking  should  be  formed,  so  that  throughout  the  whole  range 
which  the  voice  of  a  man  is  capable  of  filling,  each  individual  should  see  and  hear  without 
interruption  from  any  of  the  rest  of  the  audience,  with  equal  comfort  in  an  easy  posture, 
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and  as  clearly  as  if  no  other  individual  auditor  or  spectator  were  present    (See/^s.  1033. 
and  1034.)     The  position  of  the  seats  is  first  investigated.     In  the  usual  variety  of  station 
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and  of  position,  it  appears  from  experiments  that  the  range  required  for  the  purpose  is  more 
than  a  foot  and  leas  than  18  inches,  so  that  these  may  be  taken  as  the  limits ;  that  is,  over 
the  head  of  the  person  before  you  there  must  be  a  clear  range  of  12  or  18  inches,  through 
which  the  head  may  be  moved  upwards  or  downwards  without  interruption.  In  other 
words,  that  a  straight  line  drawn  from  the  speaker's  head  over  that  of  the  anterior  spectator 
shall  intercept  the  straight  line  which  forms  the  back  of  the  seat  of  the  posterior  observe^ 
so  as  to  cut  off  a  height  of  12  or  18  inches,  within  which  the  head  of  the  spectator  shall  at 
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times  be  comprehended  whUe  sitting  in  a  oomfortob  e  position.  Thus  let  S  (  «^.  1033. )  be  the 
speaker  and  XYZ  be  three  successive  ascents ;  then  the  line  SX  must  fiOl  bdow  SY,  so  as 
to  leave  the  space  Yz  a  1 8  inches  —  Zy. 

2959.  Applying  this  formula  to  every  individual  place  in  the  room  or  building,  we  shall 
have  the  form  required  to  satisfy  the  auditors.  Let  8)  feet  be  assumed  as  a  constant 
representing  the  distance  of  one  spectator  behind  another,  measured  horiaontally ;  and  1  { 
feet  as  the  clear  space,  measured  on  the  vertical  line,  for  the  mean  range  of  comfortable 
vision  for  each.  If  the  level  of  the  floor,  that  is,  of  the  lowest  seats,  be  already  determined, 
the  form  of  the  interior  accommodation  may  be  thus  described.  AY  (/y.  1034.),  the 
height  of  the  speaker,  YX  the  level  floor.  From  Ay  take  Yy«4  feet.  Draw  yx  parallel 
to  YX.  Take  Ay  to  yx  as  1)  to  21,  that  is,  as  A,  the  range  of  position  of  the  specUtor,  to  d, 
the  distance  between  the  seats.  Take  horizontal  distances  1,  2,  3,  4,  &c.  -»24  feet,  prolong 
Ax  to  x',  then  the  height  x'  to  /»1)  feet.  Join  A/  and  prolong  it  to  x",  and  take  a  dis- 
tance x"  to  m-H  feet.  Through  m  draw  Am,  and  prolong  it  to  x",  and  take  x"'«  =  14 
feet.  Continue  the  process  in  the  same  manner  to  ;>,  o,  r,  #,  t,  &c.,  and  the  points  will  be 
found  of  the  successive  places  which  the  heads  of  the  auditors  jhould  occupy. 

2960.  But  it  is  not  only  in  receding  that  the  back 
seats  must  rise ;  those  too  far  forward  laky  be  also 
unpleasant  They  are  too  low ;  they  also  should  be 
raised :  but  this  must  be  done  so  as  not  to  inter- 
rupt those  who  are  behind.  It  may  be  accom- 
plished in  a  similar  way;  for,  as  formerly  set  off, 
1,2,  3,  4,  5,  6,  &c.«21feet(>?y.  1035.),  1  is  the  first 
anterior  point.  Join  Al,  and  let  it  cut  the  vertical 
line  through  2  in  x',  the  portion  downwards  x''/=H 
feet ;  then  /  is  the  point  found.  Join  AI,  make  i"*k 
»ljfeet;  join  Ak  and  x""tBl}  feet;  and  so  on. 
y,  A,  t.  A,  /,  are  the  places  found  which  the  heads  of  the 
spectators  should  occupy,  and  show  the  elevation  to 
be  given  to  the  seats  successivelv. 

2961.  If  the  simple  process  described  be  aocuratelr  performed,  the  points  which  indicate 
the  places  of  the  spectators  will  lie  in  the  branches  of  a  very  beautiful  curve,  which  may  be 
termed  the  ismdomal  or  the  utieouMtic  curve,  that  \a,<mt  of  equal  seeing  or  hearing :  it  will 
be  of  the  form  in^.  1036.     A  being  the  place  of  the  speaker,  and  the  heads  of  the  spe«>- 
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tators  being  placed  on  the  line  Amn,  continued  as  fer  as  the  voice  will  reach,  XAX  being 
the  axis  of  the  curve,  and  YY  its  parameter.  This  curve  has  two  branches  on  opposite 
sides  of  A,  showing  that  if  the  building  extend  behind  the  speaker,  or  if  the  spectacle  be 
visible  or  the  sound  audible  on  every  ude,  the  same  may  be  continued  all  round.  By 
means  of  this  curve,  the  portion  of  seats  in  a  theatre  may  be  satLsfectorily  determined. 

2962.  For  any  great  assemblage,  where  it  is  desirable  that  one  individual  or  group  of 
individuals  should  be  seen  or  heard,  an  amphitheatre  of  this  form  might  be  constructed 
fix>m  the  surface  of  revolution  generated  by  moving  the  curve  round  its  axis,  which  would 
perfectly  accommodate  10,000  individuals. 

2963.  According  to  the  arrangement  of  London  audiences,  Mr.  Wyatt  calculates  that  a 
theatre  consisting  of  three  fourths  of  a  circle  on  the  plan,  with  a  stage  opening  of  35  feet, 
will  contain 

78  boxes,  in  four  tiers,  and  holcUng  -  -  1004 

4  boxes  of  larger  size,  on  each  side  next  the  stage  -    188 
A  pit,  capable  of  containing  -  •  -    91 1 

A  two-shilling  gallery       ....     482 
A  one«shilling  gallery       ....     284 

2869  persons^  exclu- 
nve  of  four  boxes  in  the  proscenium,  and  fourteen  in  the  basement  of  Uie  theatre,  imme- 
diately under  the  dress  boxes. 
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2964.  We  have  already  given  some  general  hints  relative  to  the  form;  we  shall  here  add 
the  author's  view  of  this  matter ;  and  thereon  he  very  properly  says  that,  with  reference  to 
distinct  sound,  the  safest  method  is  to  adopt  a  form  known  to  he  most  capable  of  conveying 
sound  with  fiicility,  to  construct  that  form  of  materials  that  are  conductors  of  sound,  and  to 
avoid  all  breaks  and  projections  on  the  surface  of  that  form,  because  they  obstruct  and 
impede  the  progress  of  the  sound.  It  b  well  known  that  a  circular  enclosure  without 
breaks  possesses  the  power  of  conveying  sounds  with  facility,  and  that  wood  is  an  admirable 
conducting  material  for  the  purpose.  Count  Algarotti,  in  his  treatise  on  the  Opera,  says, 
daily  experience  teaches  us  that  in  a  box  whose  walls  are  naked,  the  singer'b  voice  is  rever. 
berated  in  a  particular  manner ;  it  sounds  crude  and  harsh,  and  by  no  means  flattering  to 
the  ear ;  the  accents  are  quite  lost  if  the  box  be  hung  with  tapestry ;  whereas  they  are 
reflected  full,  sonorous,  and  agreeable  to  the  ear  when  the  boxes  are  only  boarded,  which  is 
an  obvious  proof,  and  confirmed  by  experience,  that  the  best  lining  for  the  interior  par^  of 
a  theatre  is  wood. 

2965.  Whatever  be  the  form  of  the  theatre,  it  ought  in  every  part  to  be  limited  in  extent 
to  such  distance  as  the  voice  will  distinctly  reach  ;  and  the  nearer  that  figure  conforms  to 
the  proportions  which  the  natural  voice  is  heard  in  each  direction,  the  more  equally  will 
the  sound  be  heard  in  every  part  of  the  theatre.  The  experiments  tried  by  Mr.  Wyatt 
proved  that  the  reach  of  the  voice  when  moderately  exerted  was  in  the  proportion  of 
about  two  ninths  further  in  a  direct  front  line  than  laterally ;  and  that  being  distinctly 
audible  on  each  side  of  the  speaker  at  a  distance  of  seventy>five  feet,  it  will  be  as  plainly 
heard  at  ai  distance  of  ninety-two  feet  in  front  of  him,  declining  in  strength  behind  him  so  as 
not  to  be  clearly  heard  at  much  more  than  thirty  feet.  *<  According,**  says  Mr.  Wyatt, 
**  to  these  data,  it  would  appear  that  the  geometrioed  figure,  which  comes  the  nearest  to  the 
extreme  limits  of  the  natural  expansion  of  the  voice,  is  a  semicircle  of  75  feet  radius,  or  150 
feet  in  diameter,  continued  on  each  side  to  the  extent  of  1 7  feet,  or  in  the  proportion  of 
about  two  ninths  of  its  lateral  expansion  (^ff. 
1037.)  beyond  the  limits  of  the  semicircle, 
and  then  converging  suddenly  until  the  two 
lines  meet  at  C,  behind  the  back  of  the  speaker." 
But  thouffh  the  voice  may  be  heard  at  these  dis- 
tances, it  does  not  follow  that  a  theatre  of  this 
extent  should  be  erected ;  indeed,  it  would  be 
absurd  to  do  so,  for  the  actor  varies  his  place 
almost  every  moment ;  and  as  he  removes  from 
the  centre,  from  which  it  has  beesn  assumed  he  is 
speaking,  he  would  become  inaudible  to  some 
parts  of  the  audience  as  he  receded  from  it.  It 
u  evident,  therefore,  in  planning  a  theatre,  the 
radius  or  semi*diameter  must  be  so  reduced  as 
to  bring  the  extreme  distance  at  which  he  may 
in  any  case  be  placed  within  the  space  of  75  feet, 
that  is,  that  when  the  speaker  is  placed  at  the  ^**'  "^^* 

extremity  of  either  side  of  the  stage,  his  voice  may  be  heard  by  those  seated  on  the  opposite 
side  of  the  house.  In  the  diagram,  the  widest  part  of  the  theatre  inscribed  in  the  larger 
figure  is  58  feet  Qpon  the  level  of  the  dress  boxes ;  and  allowing  9  feet  6  inches  for  the 
depth  of  the  boxes  on  that  floor,  by  means  of  a  projection  of  18  inches  more  than  the  boxes 
above,  there  will  be  67  feet  6  inches  between  the  extreme  part  of  the  stage  on  one  side  and 
the  back  wall  of  the  boxes  on  the  opposite  side :  but  as  the  speaker  is  in  no  ease  placed  at 
either  extremity  of  the  stage,  and  even  if  so  ntuated,  the  distance  between  him  and  the 
opposite  side  of  the  house  would  be  within  8  feet  of  the  reach  of  his  voice  in  its  lateral 
direction,  and  27  feet  within  its  limits  in  a  direct  line  ;  it  hence  appears  that  the  circular 
is  preferable  to  any  other  form ;  and  if  we  fix  a  limit  for  the  diameter  of  that  form,  we  are 
in  possession  of  the  rules  which  limit  the  length  of  the  theatre,  or  the  distance  from  the 
front  line  of  the  stage  to  the  boxes  immediately  in  front  of  that  line.  Taking  75  feet 
for  the  distance  at  which  the  voice  can  be  heard  laterally,  as  the  space  between  the  front 
line  of  the  stage  and  its  immediately  opposite  boxes  may  occasionally  be  in  the  lateral 
direction  of  the  voice,  the  greatest  distance  from  the  firont  wall  of  the  stage  to  the  back 
wall  of  the  boxes  opposite  the  stage  should  not  exceed  75  feet,  the  limit  of  the  voice 
in  its  lateral  direction,  because  of  the  turns  of  head  which  he  must  often  make  for  the 
business  of  the  wene,  when  that  which  was  opposite  might  become  lateral ;  and  thus  those 
persons  sitting  in  the  opposite  boxes  would  be  92  —75  feet  ==  17  feet  beyond  the  reach  of  his 
voice. 

S966.  llie  use  of  a  semicircle  without  modification  would,  however,  involve  the  exten- 
sion of  the  stage  opening  to  an  inconvenient  width ;  and  Mr.  Wyatt  very  properly  considers 
that  the  whole  area  of  a  theatre  should  contain  little  more  than  one  third  of  the  space  over 
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which  the  voice  can  reach  ;  '*  the  one,**  he  says,  **  being  (independently  of  the  space  bdiixid 
the  back  of  the  speaker)  a  superBcies  of  1 1,385  feet,  and  the  other  of  4003."  This,  he 
thinks,  will  compensate  for  the  absorption  of  sound  consequent  on  the  number  of  the 
audience,  the  woollen  garments  they  wear,  and  the  state  of  the  atmosphere,  and  would 
ensure  a  good  hearing  in  every  part  of  the  house. 

2967.  According  to  the  author's  statement,  he  recommends  that  the  distance  from  the 
front  of  the  stage  to  the  back  wall  of  the  boxes  immediately  opposite  should  be  about 
54  feet ;  in  the  old  Drury  Lane  it  was  74  feet,  and  in  the  old  Covent  Garden  Theatre, 
built  about  1 790,  it  was  54  feet  '6  inches.  In  the  Opera  House,  built  by  Vanbru^b,  it 
was  66  feet.  At  Milan  it  is  78  feet.  At  the  old  San  Carlos,  at  Naples,  73  feet ;  and  at 
Bologna,  74  feet.  The  distance  in  the  present  Covent  Garden  Hieatre  is  69  feet  8  incbcs, 
or  nearly  1 6  feet  more  than  it  ought  to  have  been.  How,  then,  can  people  wonder  sit  not 
seeing  and  hearing  in  such  theatres,  where  the  cupidity  of  the  projectors  has  overstepped 
the  mark,  and  very  much  contributed  to  the  ruin  of  the  drama? 

2968.  In  an  opera  house  the  band  as  it  were  sustains  the  voice,  and  the  wpedade  of  tbe 
ballet  is  more  addressed  to  the  eye  than  to  the  understanding ;  but  even  in  that  the  theatre 
is  universally  too  large  for  the  pleasure  of  those  who  appreciate  properly  what  is  transacted 
in  the  scene.  It  is  satisfiustory  to  know  that  the  theatre  which  we  in  our  introductory 
remarks  selected  as  a  model  should  coincide  in  the  main  points  here  in  question  vith 
Mr.  Wyatt*s  project.  We  are  not  certain  whether  he  has  visited  it,  but  are  certain  that  if 
he  has  he  would  not  change  his  opinion. 

2969.  In  respect  of  vision  in  a  theatre,  there  can  be  no  question  that  the  semicircle  gives 
the  best  chance  for  the  whole  of  the  audience ;  but  the  objections  to  it  are,  that  it  requires 
that  either  the  stage  opening  should  be  of  inconvenient  width  or  that  the  sise  of  the  bouse 
should  be  too  small.  It  is  therefore,  without  modification,  inadmissible.  It  is  on  this 
account  that  the  ellipse,  the  horseshoe,  and  other  flat-sided  forms,  have  in  later  theatres  been 
adopted,  though  it  is  manifest  that  a  large  proportion  of  tbe  audience,  says  our  author, 
"  must  be  placed  with  their  backs  inclining  towards  the  scene,  and  that  in  ol/  of  them  (if 
the  house  be  not  of  extremely  ajnall  dimensions)  the  front  boxes  must  be  at  a  great  distance 
from  the  stage  ;  for  in  proportion  as  the  sides  shall  approximate  each  other  ^e  front  must 
recede,  provided  the  circumference  be  not  varied.'*  The  summing  up  of  the  quertion  on 
this  heskd  is  thus  given  by  Mr.  Wyatt :  **  There  is  no  otyect  connected  with  the  formation 
of  a  theatre  which,  in  all  its  bearings,  is  of  more  importance  than  that  the  part  of  tbe  house 
which  faces  the  scene  should  be  within  a  moderate  distance  from  the  stage.  Unless  that 
be  the  case,  it  is  obvious  that  a  very  large  proportion  of  the  spectators  must  be  excluded 
from  a  clear  and  distinct  view  of  that  play  of  the  features  which  constitutes  the  principal 
merit  of  the  actor  in  numy  of  the  most  interesting  scenes.**  Mr.  Wyatt  does  not  believe 
that  the  height  of  the  ceiling  injures  or  affects  the  sound  of  the  voice  in  the  lower  parts  oi 
the  theatre,  and  observes  that  it  must  in  every  theatre  **  be  much  too  high  to  act  as  a 
reverberator  or  sounding  board  to  the  lower  parts  of  the  house.**  But  we  do  not  agree  with 
him  on  this  point,  and  think  we  could  refer  him  to  more  than  one  theatre  in  the  metropolis 
which  is  defective  in  the  conveyance  of  the  sound  from  this  cause  alone.  Besides  this,  we 
do  not  feel  quite  certain  that  the  diagonal  line  drawn  from  the  actor  to  the  upper  tier  of 
boxes  should  not  be  the  regulating  distance,  instead  of  the  horiaontal  one  which  has  been 
mentioned  above. 

2970.  Ingress  and  egress  should  be  provided  on  each  side  of  the  house,  so  that  whatever 
doors,  passages,  and  staircases  are  placed  on  one  ude,  there  must  be  corresponding  ones  on 
the  other.  The  spectators  are  thus  divided,  and  pressure  avoided.  Angles  should  as  much 
as  possible  be  avoided,  as  well  as  steps  in  passages,  for  which  no  excuse  can  be  of^ed. 
Doorways  ought  not  to  be  less  than  six  feet  wide,  nor  should  staircases  be  of  less  dimen- 
sions. In  large  staircases,  which  consist  of  a  centre  and  two  nde  flights,  the  central  one 
should  be  equal  in  width  to  the  side  flights  added  tc^^her.  In  calculating  the  size, 
regard  should  in  some  measure  be  had  to  the  number  of  persons  which  the  part  they  serve 
will  contain. 

2971.  It  is  only  in  an  English  theatre  that  the  public  have  to  complain  of  the  admission 
of  the  most  unfortunate  members  of  the  community,  and  of  their  subjection  to  scenes  of 
great  indecency.  Nothing  of  this  sort  occurs  on  the  Continent,  whilst  here  the  proprietors 
of  theatres  allow  the  admission  of  such  persons  at  a  reduced  rate  of  payment  if  they  take  an 
admission  for  the  season.  As,  in  this  country,  it  is  impossible  to  exclude  any  particular 
class  of  persons,  it  would  be  well  so  to  contrive  the  access  to  the  dress  circle  of  boxes  that 
it  may  be  arrived  at  without  passing  near  the  saloons,  which  are  generally  the  resort  of  the 
class  of  people  alluded  to. 

2972.  With  the  exception  of  the  dressings  and  interior  ornaments  of  the  building,  and 
those  parts  of  the  stage  and  machinery  which  must  be  made  of  wood,  it  would  be  posidble, 
though  perhaps  somewhat  inconvenient,  to  erect  a  theatre,  though  not  absolutely  fire-proof, 
yet  very  secure  against  fire.  This  is,  however,  a  subject  not  to  be  treated  here ;  but  we  ought 
not  to  omit  that  the  supply  of  water  from  large  reservoirs  provided  in  the  upper  parts  of  the 
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building,  is  a  precaution  which  should  never  be  omitted.  Pipes  may  be  laid  on  from 
them  to  those  parts,  such  as  the  carpenters*  room,  scene  room,  and  painting  room,  where 
fires  would  be  most  likely  to  break  out,  and  where,  if  they  did  break  out,  they  would 
be  likely  to  be  most  dangerous. 


Sect.  XVII. 

HOSPITALS. 


8973.  The  buildings  called  hospitals  are  destined  for  the  reception  of  the  sick  poor,  for 
insane  persons,  and  sometimes  for  particular  diseases,  among  which  old  age  may  be  enu- 
merated, or  disability  from  wounds,  &c.  in  the  public  service,  of  which  last  class  are  the 
royal  hospitals  of  Greenwich  and  Chelsea.  There  are  some  for  the  reception  and  education 
of  foundlings,  and  others  for  the  reception  and  delivery  of  pregnant  women ;  and  the  term 
is  sometimes  used  to  denote  a  building  appropriated  to  poor  persons,  where  they  liave  an 
allowance  for  their  board  and  are  lodged  free ;  in  short,  what  is  otherwise  called  an  alms- 
house. 

2974.  The  ancients  seem  to  have  had  no  establishments  like  our  notpitals  for  the  sick ; 
neither  do  they  seem  to  have  had  asylums  for  those  who  suffered  in  the  public  service, 
though  at  Athens  they  were  fed  in  the  Prytaneum.  In  Sparta  there  does  not  appear  to 
have  been  any  such  establishments;  neither  under  the  kings,  consuls,  or  emperors  of  Rome 
does  it  seem  there  was  any  institution  for  the  reception  of  poor  sick  persons.  Af^r  the 
establishment  of  Christianity  many  hospitals  were  built  by  the  emperors  at  Constantinople 
for  poor  in&nts,  for  aged  persons,  orphans,  and  strangers.  To  the  honour  of  the  nations  of 
Europe,  no  city  in  it  is  unprovided  with  one  or  more  hospitals.  In  Paris  there  are  thirty- 
two  hospitals,  and  in  London,  we  believe,  some  few  more.  The  governmoits  of  France, 
Russia,  Germany,  and  Turkey  support  these  institutions ;  but  in  England,  with  the  ex- 
ception of  Chelsea  and  Greenwich  Hospitals,  they  depend  upon  the  charity  and  foundations 
of-  benevolent  individuals,  as  at  Guy's,  Bartholomew's,  and  the  other  hospitals  of  London. 

There  is  great  reluctance  often  on  the  part  of  the  poor  to  enter  an  hospital ;  and  on 
this  account  we  do  not  think  that  money  ill  bestowed  which  tends  to  impart  to  it  an 
agreeable  and  cheerful  exterior.  It  is  dmost  unnecessary  to  insist  upon  a  thorough 
wxurming,  and,  what  is  equally  important,  ventilation  of  the  edifice :  no  means  diould  be 
omitted  to  render  the  place  wholesome,  and  to  prevent  infection  spreading  from  one  part  to 
another.  If  possible,  the  hospitals  of  a  city  should  be  seated  in  the  least  populous  parts,  if 
the  health  of  the  city  be  consulted,  or  on  each  suburb ;  in  whidi  latter  case  the  establish- 
ment would  be  nearer  the  quarter  it  is  to  serve,  and  more  accessible  in  a  short  time  in  the 
case  of  accidents. 

2975.  The  plans  of  some  of  the  finest  hospitals  in  Europe  are  given  in  Durand's 
ParaUdie  d*Ed{ftcet}  among  them  may  be  mentioned  that  of  Milan  as  a  very  fine  example  of 
disposition.  It  is  indeed  the  most  celebrated  in  Italy.  A  large  portion .  of  it  remains 
still  unfinished.  The  architect  was  Filarete^  and,  being  commenced  in  1457,  it  is  of  course 
in  a  half- Gothic  sort  of  style.  The  accommodations  for  the  men  are  on  one  side  of  a  very 
large  cloistered  court,  1 52  feet  wide  and  204  feet  long,  and  are  in  the  form  of  a  cross, 
304  feet  long  on  each  side  and  SO  feet  wide.  In  the  intervals  of  the  cross  are  four  court 
yards,  on  whose  remaining  sides  are  rooms  for  the  assistants.  A  canal  flowing  at  the  side 
answers  the  domestic  purposes  of  the  place,  and  also  turns  a  mill  for  the  use  of  the 
establishment.  On  the  opposite  side  of  the  cloistral  court  above  mentioned  are  similar 
accommodations  for  the  women.  And  in  the  middle  of  the  narrow  side  of  the  great 
cloister,  opposite  the  entrance,  is  a  church,  which  serves  for  the  whole  establishment.  The 
cloisters  of  the  large  court  and  the  main  body  of  the  building  are  in  two  stories,  so  that 
they  form  galleries  of  communications.  This  edifice  has  served  for  model  to  many  others ; 
and  though  it  is  now  many  years  since  we  visited  it,  its  excellence  will  not  easily  be 
effaced  from  our  recollection.  The  hospital,  given  by  Durand  in  the  plates  above  quoted, 
De  la  Roquette,  in  the  suburbs  of  Paris,  designed  by  Poyet,  was  conceived  on  a  magnificent 
scale,  and  was  admirably  planned.  In  this  design  each  room,  as  well  those  on  one  side  of 
the  establishment  for  the  males  as  those  on  the  other  side  for  the  females,  is  appropriated 
to  one  particular  disease.  Each  of  these  rooms  is  about  82  feet  wide  and  30  feet  6  inches 
high.  Behind  the  beds  (which  are  in  two  rows  in  each  room)  runs  a  passage  about  3  feet 
4  inches  wide,  which  removes  them  so  much  from  the  walls,  and  allows  therefore  of  the 
necessary  waiting  on  the  invalids,  and  hides  the  wardrobe  attached  to  each  bed  in  the 
window  recesses.  Above  these  passages,  which  are  about  6  feet  6  inches  high,  is  arranged 
on  each  side  a  row  of  windows,  by  which  ventilation  as  well  as  light  is  obtained.  The 
ground  floor  contains  the  halls  and  ofiices  necessary  for  such  an  establishment.  The  de- 
signs for  this  building  were  made  about  1788,  on  the  instructions  drawn  up,  after  several 
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yean*  investigation,  by  a  number  of  the  most  skiUul  and  learned  medical  men  of  France,  so 
as  best  to  unite  health  and  convenience  in  such  an  edifice.  One  of  the  conditions  pre- 
scribed by  their  programme  was  the  complete  insulation  of  each  apartment,  as  well  as  an 
easy  communication  by  covered  galleries  round  the  building,  and  these  were  required  to  be 
of  such  extended  dimensions  that  the  air  around  should  be  unobstructed  and  circulating 
in  every  part  with  freedom,  thus  affording  a  wholesome  promenade  for  the  patienta. 

2976.  Hic  hospitals  of  Greenwich  and  Chelsea  are  good  examples  for  establishments  of 
this  nature ;  the  former,  indeed,  adds  to  its  other  excellencies  a  magnificence  in  the  archi« 
tecture  worthy  the  object,  though  not  so  originally  intended.  Tlie  Hotel  des  Invalides  at 
Paris  is  another  monument  worthy  of  all  praise ;  and  indeed  we  scarcely  know  a  quadrangle 
more  imposing  than  the  court  of  this  edifice  with  its  double  tier  of  arcades.  This  hospital 
contains  7000  veterans,  and  has  attached  to  it  a  library  of  20,000  volumes.  We  know 
not  how  better  to  close  this  section  than  with  the  maxims,  or  rather  general  observations, 
of  Durand  upon  the  subject :  **  Dans  des  hospices,"  says  the  author,  **  dont  la  disposition 
r^pondraient  si  parfkitement  a  Timportance  de  leur  objet,  on  ne  craindrait  plus  de  venir 
chercher  des  secours.  Leur  aspect  seul,  si  non  magnifique,  du  moins  noble  et  agr&ble, 
infiuerait  sur  TeflScacite  des  rem^des.  En  entrant  dans  des  tels  6difices,  ou  tout  annonoe 
le  respect  que  Ton  porte  a  lliumanit^,  et  surtout  4  Thumanit^  souffrante,  on  se  sentirait 
soulag^  du  poids  de  la  honte,  fardeau  souvent  plus  insupportable  et  plus  accablant  que 
celui  du  malheur  meme." 


Sect.  XVI IL 

PHXSONS. 


2977.  In  considerable  cities  and  towns,  humanity,  and  indeed  justice,  demands,  in- 
dependent  of  the  injury  done  to  the  morals  of  the  public,  that  the  same  building  which 
confines  the  convicted  felon  sliould  not  enclose  the  debtor  and  the  untried  prisoner,  as  well 
as  him  whose  offence  is  not  of  an  aggravated  nature.  Where  there  is  a  mixture  of  the 
several  classes  of  those  that  have  violated  the  laws,  the  young  soon  becomes  infected  by  the 
old  offender  with  whom  he  comes  in  contact,  and  returns  to  society,  after  undergoing  his 
punishment,  a  much  worse  member  of  it  than  he  was  before  his  incarceration.  In  small 
towns,  where  there  is  only  one,  perhaps  small,  prison,  the  separation  of  the  prisoners  is 
more  difiicult  to  accomplish ;  but  it  ought  always  to  be  obtained.  We  harcUy  need  say 
that  the  separation  of  the  sexes  in  a  prison  is  indispensable. 

2978.  For  whatever  class  of  prisoners  a  building  is  erected,  salubrity  and  ventilaticm  are 
as  essential  as  the  security  of  those  confined.  The  loss  of  liberty  is  itself  a  punishment 
hard  to  endure,  without  superadding  the  risk  of  disease  and  death  in  their  train,  to  persons 
who  may  be  even  innocent  of  the  crimes  with  which  they  are  charged.  Besides  which,  the 
disease  engendered  in  a  gaol  called  the  prison  fever  may  spread  into  the  city  and  carry  off 
its  inhabitants. 

2979.  We  shall  here  place  before  the  student  the  principal  requisites  which  the  cele> 
bratcd  Howard  has  specified  for  prisons.  **  A  county  gaol,  and  indeed  every  prison, 
should  be  built  ou  a  spot  that  is  airy,  and,  if  possible,  near  a  river  or  brook.  I  have  com- 
monly found  prisons  near  a  river  the  cleanest  and  most  healthy.  They  generally  have  not 
(and  indeed  could  not  well  have)  subterraneous  dungeons,  which  have  been  so  fatal  to 
thousands ;  and  by  their  nearness  to  running  water  another  evil  almost  as  noxious  is  pre^ 
vented,  that  is,  the  stench  of  sewers.  I  said  a  gaol  should  be  near  a  stream ;  but  I  mu&t 
annex  this  caution,  that  it  be  not  so  near  as  that  either  the  house  or  yard  shall  be  within 
the  reach  of  floods.*'  .  .  .  **  If  it  be  not  practicable  to  build  near  a  stream,  then  an 
eminence  should  be  chosen  ;  for  as  the  wall  round  a  prison  should  be  so  high  as  greatly  to 
obstruct  a  free  circulation  of  air,  this  inconvenience  should  be  lessened  by  rising  ground, 
and  the  prison  should  not  be  surrounded  by  other  buildings,  nor  built  in  the  middle  of  a 
town  or  city.  That  part  of  the  building  which  is  detached  from  tl^  walls,  and  contains 
the  men  felons*  wards,  may  be  square  or  rectangular,  raised  on  arcades  that  it  may  be  more 
airy,  and  have  under  it  a  dry  walk  in  wet  weather.  These  wards  over  arcades  are  also 
best  for  safety ;  for  I  have  found  that  escapes  have  been  most  commonly  effected  by  under- 
mining cells  and  dungeons.  If  felons  should  find  any  other  means  to  break  out  of  the 
raised  ward,  they  will  still  be  stopped  by  the  wall  of  the  court,  which  is  the  principal 
security ;  and  the  walls  of  the  wards  need  not  then  be  of  that  great  thickness  they  are 
generally  built,  whereby  the  access  of  light  and  air  is  impeded.  I  wish  to  have  so  many 
small  rooms  or  cabins  that  each  criminal  may  sleep  alone ;  these  rooms  to  be  ten  feet 
■high  to  the  crown  of  the  arch,  and  to  have  double  doors,  one  of  them  iron-latticed  for  the 
jcirculation  of  air.  If  it  be  diflficult  to  prevent  their  being  together  in  the  daytime,  they 
should  by  all  means  be  separated  at  night.     Solitude  and  silence  arc  favourable  to  reflcc- 


Cu4P.  III.  PRISONS.  809 

tioD,  and  may  possibly  lead  to  repentance **  .  .  .  "The  separation  I  am  pleading  for, 
especially  at  night,  would  prevent  escapes,  or  make  them  very  difficult,  for  that  is  the  time 
in  which  they  are  generally  planned  and  effected.  Another  reason  for  separation  is,  that  it 
would  free  gaolers  from  a  difficulty  of  which  I  have  heard  them  complain :  they  hardly 
know  where  to  keep  criminals  admitted  to  be  evidence  for  the  king ;  these  would  be 
murdered  by  their  accomplices  if  put  among  them,  and  in  more  than  one  prison  I  have 
seen  them  for  that  reason  put  in  the  women's  ward.  Where  there  are  opposite  windows 
they  should  have  shutters,  but  these  should  be  open  all  day.  In  the  men  felons'  ward  the 
windows  should  be  six  feet  from  the  floor;  there  should  be  no  glass,  nor  should  the 
prisoners  be  allowed  to  stop  them  with  straw,  &c.  The  women  felons'  ward  should  be 
quite  distinct  from  that  of  the  men,  and  the  young  criminals  from  old  and  hardened 
offenders.  Each  of  these  three  classes  should  also  have  their  day  room  or  kitchen  with  a 
fireplace,  and  their  court  and  offices  all  separate.  Every  court  should  be  paved  with 
flags  or  flat  stones  for  the  more  convenient  washing  it,  and  have  a  good  pump  or  water  laid 
on,  both  if  possible ;  and  the  pump  and  pipes  should  be  repaired  as  soon  as  they  need  it, 
otherwise  the  gaols  will  soon  be  offensive  and  unwholesome,  as  I  have  always  found  them 
to  be  in  such  cases.  A  small  stream  constantly  running  in  the  court  is  very  desirable.  In 
a  room  or  shed  near  the  pump  or  pipe  there  should  be  a  commodious  bath,  with  steps,  (as 
there  is  in  some  country  hospitals,)  to  wash  prisoners  that  come  in  dirty,  and  to  induce 
them  i^erwards  to  the  frequent  use  of  it.  It  should  be  filled  every  morning,  and  let  off" 
in  the  evening  through  the  sewers  into  the  drains.  There  should  also  be  a  copper  in  the 
shed  to  heat  a  quantity  of  water  sufficient  to  warm  that  in  the  bath  for  those  that  are 
sickly.  There  should  also  be  an  oven  :  nothing  so  effectually  destroys  vermin  in  clothes 
and  bedding,  nor  purifies  them  so  thoroughly  when  tainted  with  infection,  as  being  a  few 
hours  in  an  oven  moderately  heated.  The  infirmary  or  sick  ward  should  be  in  the  most 
airy  part  of  the  court,  quite  detached  from  the  rest  of  the  gaol,  and  raised  on  arcades. 
These  rooms  should  never  be  without  crib-beds  and  bedding.  In  the  middle  of  the  floor 
of  each  room  there  should  be  a  grate  of  twelve  or  fourteen  inches  square,  covered  with  a 
shutter  or  hatch  at  night  The  sewers  or  vaults  of  all  prisons  should  be  in  the  courts,  and 
not  in  the  passages,  and  (like  those  in  colleges)  close  boarded  between  the  seats  up  to 
the  ceiling,  the  boards  projecting  ten  inches  before  each  seat.  The  infirmary  and  sheds 
will  not  render  the  court  unsafe,  provided  the  walls  have  parapets  or  small  ehevavx  defrUe. 
Debtors  and  felons  should  have  wards  totally  separate;  the  peace,  the  cleanliness,  the 
health  and  morals  of  debtors  cannot  be  secured  otherwise.  The  ward  for  men  debtors 
should  also  be  over  arcades,  and  placed  on  one  side  of  the  gaoler's  house.  This  house 
should  be  in  or- near  the  middle  of  the  gaol,  with  windows  to  the  felons*  and  to  the  debtors* 
courts.  This  would  be  a  check  on  the  prisoners  to  keep  tliem  in  order,  and  would  engage 
the  gaoler  to  be  attentive  to  cleanliness  and  c<Mistant  washing  to  prevent  hia  own  apart- 
ments from  being  offensive.  A  chapel  is  necessary  in  a  gaol.  I  have  chosen  for  it  what 
seems  to  me  a  proper  situation.  It  should  have  a  gallery  for  debtors  or  women ;  for  the 
latter  should  be  out  of  sight  of  all  the  other  prisoners,  and  the  rest  may  be  separated 
below.** 

2980.  The  above  general  principles  are  excellent,  and  are  followed  in  all  gaols  of  modem 
construction.  The  tread-mUl  is  also  introduced  for  punishment,  as  well  as  occasionally 
workshops  for  trades,  to  avoid  the  idleness  of  the  prisoners.  Society  owes  a  debt  of 
infinite  magnitude  to  the  benevolent  man  from  whom  the  foregoing  quotation  has  been 
taken. 

2981.  One  of  the  most  celebrated  prisons  on  a  panoptical  system  in  Europe  Ls  the  cele- 
brated house  of  correction  at  Ghent.  It  is  situated  on  the  north  side  of  that  city,  on  the 
Coupure  canal,  which  is  bordered  by  a  double  row  of  large  trees.  A  plate  of  the  plan  is 
given,  No.  38.  Durand's  Parailile  tT Edifices.  It  was  begun  in  1 773,  under  the  reign  of 
Maria  Theresa,  and  is  in  the  form  of  a  slightly  elongated  octagon,  in  the  centre  whereof  is 
a  spacious  court,  which  communicates  with  the  different  quadrangles  of  the  edifice.  Each 
quadrangle  or  ward  (eight  in  number)  has  a  yard,  and  in  the  centre  of  that,  belonging  to 
the  female  ward,  is  a  Urge  basin  of  water,  in  which  the  female  prisoners  wash  the  linen  of 
the  whole  establishment.  Each  prisoner  sleeps  alone,  in  a  small  but  well-aired  room,  and 
is  employed  during  the  day  in  working  at  the  trade  or  business  to  which  he  or  she  is  com> 
petent.  Of  the  produce  of  such  labour,  government  retains  one  half  when  the  prisoners 
are  detained  merely  for  correction,  six  tenths  when  condemned  to  a  term  of  imprisonment 
under  martial  law,  and  seven  tenths  when  they  have  been  sentenced  to  hard  labour.  The 
remainder  is  divided  into  two  portions,  one  given  weekly  to  the  prisoners  for  pocket 
money,  the  other  given  to  them  on  the  expiry  of  their  imprisonment,  to  assist  their  re- 
establishment  in  society.  Religious  service  and  instruction  are  provided;  and  if  prisoners 
are  destitute  of  the  first  elements  of  knowledge,  they  are  taught  reading,  writing,  and 
arithmetic,  besides  receiving  other  instruction.  Solitary  confinement  is  the  punishment 
f9r  insubordination  or  refractory  conduct  The  shops  for  refreshments  sold  to  the  prisoners 
are  strictly  regulated  by  the  officers  of  the  institution ;  and  the  profits  resulting  from  the 
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sale  of  the  different  articles  are  reseryed  for  rewarding  the  most  industrious  and  best- 
behaved  prisoners.  The  new  part  of  the  building,  which  has  recently  been  completed,  has 
cost  40,000/.  sterling  ;  and  the  whole  edifice,  when  finished,  and  there  is  much  still  to  be 
done,  will  contain  2600  prisoners.  The  defect  in  the  institution  lies  in  the  reception  of 
unfortunate  and  criminal  persons  of  all  descriptions,  from  the  simple  mendicant  to  the 
hardened  murderer.  It  is  true  that  those  confined  for  heinous  crimes  are  separated  from 
those  who  have  been  guilty  of  misdemeanours ;  but  the  knowledge,  on  the  part  of  all  its 
inmates,  that  they  to  a  certain  extent  are  considered  in  the  same  pre<Ucament,  must  neces- 
sarily so  operate  on  their  minds  as  to  throw  down  the  harriers  between  misfortune  and  crime, 
as  well  as  between  those  who  are  only  commencing  a  guilty  course  and  those  who  have  con- 
summated their  vicious  career.  The  Penitentiary  at  Milbank,  in  London,  has  been  erected 
in  some  measure  on  the  principles  of  the  house  of  correction  at  Ghent,  but  its  inmates 
are  such  only  as  have  received  the  sentence  of  a  criminal  court.  Where,  indeed,  the  papa- 
lotion  is  so  great  as  in  the  metropolis  of  England,  prisons  for  each  class  of  offenders  should 
be  provided,  at  whatever  cost.  It  is  a  duty  due  from  the  government  to  humanity  to 
that  this  is  done. 


Sect.  XIX. 

BARRACKS. 


2982.  Barracks,  or  buildings  for  the  reception  of  the  military,  were  common  with  the 
Romans,  amongst  whom  they  were  called  eastra  or  camps.  There  were  many  of  these  at 
Rome  and  in  the  provinces ;  but  the  most  perfect  remains  of  Roman  barracks  are  at  Pom- 
pcii,  of  which  sufficient  remains  exist  to  give  us  a  general  idea  of  their  distribution.  The 
distribution  was  in  an  oblong,  and  the  quadrangle  or  parade  was  surrounded  by  a  covered 
gallery  on  columns.  From  this  gallery  was  the  entrance  to  the  rooms  of  the  soldiers,  but 
it  also  served  as  an  ambulatory  for  exercise.  Beyond  the  further  end,  opposite  the  entrance, 
was  a  theatre.  A  more  perfect  knowledge,  however,  than  we  have  of  the  barracks  of  the 
ancients,  would  not  assist  us  in  providing  better  for  the  military  in  these  days ;  indeed,  tliere 
is  little  required  to  be  said  in  this  place  on  the  subject,  inasmuch  as  in  respect  of  healthy 
situation,  perfect  ventilation,  and  security  against  fire,  the  principles  which  chiefly  regulate 
the  disposition  and  distribution  of  a  hospital,  are  equally  applicable  in  building  barracks, 
which  are,  in  truth,  hotpitia  for  the  reception  of  men  in  health  instead  of  sick  persons. 
Private  soldiers  in  barracks,  however,  usually  sleep  on  inclined  planes,  raised  from  the  floor, 
and  at  the  head  abutting  against  the  wall,  instead  of  being  provided  with  separate  bedsL  In 
Paris  there  are  no  less  than  thirty  buildings  used  as  barracks.  The  details  necessary  to  be 
provided  are  a  canteen  or  public-house,  for  the  use  of  the  privates  and  non-commissioned 
officers ;  a  spacious  mess-room  and  separate  apartments  for  the  officers,  and  an  infirmary.  In 
cavalry  barracks,  proper  stabling  and  a  riding-house  of  large  dimensions  must  of  course 
be  added.  For  cleanliness,  all  the  yards  should  be  paved,  and  the  utmost  precaution  taken 
for  carrying  off  all  filth  and  waste  water  by  means  of  drainage  into  a  sewer,  having  a 
considerable  fall  from  the  place.  This  will,  as  much  as  anything,  tend  to  the  healthiness 
of  the  building. 


Sect.  XX. 

raiVATB   BCILDINOS OKNEKAL   OBSBKVATtOKS. 

2983.  Private  buildings  diffigr  in  their  proper  character  from  public  buildings  as  much 
as  one  public  building  differs  in  character  from  another  not  of  the  same  kind.  The 
ends  in  both,  however,  in  common,  are  suitableness  and  utility.  The  means  are  the  same, 
namely,  the  observance  of  convenience  and  economy.  The  same  elements  are  used  in 
the  formation  of  one  as  of  the  other ;  hence  they  are  subject  to  the  same  principles  and 
the  same  mechanical  composition.  l>istribution,  which  is  usually  treated  distinct  from 
decoration  and  construction,  and  very  improperly  so,  as  applied  to  private  edifices,  is  con- 
ducted as  for  public  buildings,  that  is,  as  we  have  said,  with  a  view  to  utility  and  economy. 

2984.  If  the  student  thoroughly  understand  the  true  principles  of  architecture, — if  he 
possess  the  facility  of  combining  the  different  elements  of  buildings,  or,  in  other  words 
fully  comprehend  the  mechanism  of  composition,  which  it  has  in  a  previous  part  of  this 
Book  (III.)  been  our  object  to  explain,  nothing  will  remain  for  him  in  the  composition  of 
private  buildings,  but  to  study  the  special  or  particular  conveniences  required  in  each. 
There  are  some  quaint  old  aphorisnu  of  Dr.  Fuller,-  prebendary  of  Sarum,  which  are  so 
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applicable  to  all  private  buildings,  that  we  shall  not  apologise  for  transferring  them  to  our 
pages. 

S985.  '*  First,"  he  says,  ^  let  not  the  common  rooms  be  several,  nor  the  several  rooms 
common ;  that  the  conmion  rooms  should  not  be  private  or  retired,  as  the  hall  (which  is  a 
pandochaeum),  galleries,  &c.,  which  are  to  be  open ;  and  the  chambers,  closets,  &c.  retired 
and  private,  provided  the  whole  house  be  not  spent  in  paths.  Light  (God*s  eldest  daugh- 
ter) is  a  principal  beauty  in  a  bwUding ;  yet  it  shines  not  alike  from  all  parts  of  the 
heavens.  An  east  window  gives  the  infant  beams  of  the  sun,  before  they  are  of  strength 
to  do  harm,  and  is  offensive  to  none  but  a  sluggard.  A  south  window  in  summer  is  a 
chimney  with  a  fire  in  it,  and  stands  in  need  to  be  screened  by  a  curtain.  In  a  west  win- 
dow the  sun  grows  low,  and  ever  familiar  towards  night  in  summer  time,  and  with  more 
light  than  delight.  A  north  window  is  best  for  butteries  and  cellars,  where  the  beer  will 
be  sour  because  the  sun  smiles  upon  it  Thorough  lights  are  best  for  rooms  of  entertain- 
ments, and  windows  on  one  side  for  dormitories." 

S2986.  "  Secondly,  as  to  capaciousness,  a  house  had  better  be  too  little  for  a  day  than  too 
big  for  a  year ;  therefore  houses  ought  to  be  proportioned  to  ordinary  occasions,  and  not  to 
extraordinary.  It  will  be  easier  borrowing  a  brace  of  chambers  of  a  neighbour  for  a  night, 
than  a  bag  of  money  for  a  year ;  therefore  His  a  vanity  to  proportion  the  receipt  to  an 
extraordinary  occasion,  as  those  do  who,  by  overbuilding  their  houses,  dilapidate  their 
lands,  so  that  their  estates  are  pressed  to  death  under  the  weight  of  their  house.** 

2987.  "  Thirdly,  as  for  strength,  country  houses  must  be  substantives,  able  to  stand  of 
themselves,  not  like  city  buildings,  supported  and  flanked  by  those  of  their  neighbour  on 
each  side.  By  strength  is  meant  such  as  may  resist  weather  and  time,  but  not  attacks ; 
castles  being  out  of  date  in  England,  except  on  the  sea^coasts,  &c.  As  for  moats  round 
houses,  'tis  questionable  whether  the  fogs  that  arise  from  the  water  are  not  more  un- 
healthfiil  than  the  defence  that  the  water  gives  countervails,  or  the  fish  brings  profit.** 

2988.  **  Fourthly,  as  for  beauty,  let  not  the  front  look  asquint  upon  a  stranger,  but 
accost  him  right  at  his  entrance.  Uniformity  and  proportions  are  very  pleasing  to  the  eye; 
and  'tis  observable  that  freestone,  like  a  fair  complexion,  grows  old,  whiUt  bricks  keep  their 
beauty  longest.** 

2989.  **  Fifthly,  let  the  offices  keep  their  due  distance  from  the  mansion-house ;  those 
are  too  familiar  which  presume  to  be  of  the  same  pile  with  it.  The  same  may  be  said  of 
stables  and  bams  ;  without  which  a  house  is  like  a  city  without  works,  it  can  never  hold 
out  long.  It  is  not  only  very  inconvenient,  but  rather  a  blemish  than  a  beauty  to  a  building, 
to  see  the  bams  and  stables  too  near  the  bouse ;  because  cattle,  poultry,  and  suchlike  must 
be  kept  near  them,  which  will  be  an  annoyance  to  a  house.  Gardens  ought  also  to  be 
disposed  in  their  proper  places.  When  God  planted  a  garden  eastward,  he  made  to  grow 
out  of  the  ground  every  tree  pleasant  to  the  sight  and  good  for  food.  Sure  he  knew  better 
what  was  proper  for  a  garden  than  those  who  now-a^days  only  feed  their  eyes  and  starve 
their  taste  and  smell.**  The  same  honest  old  dignitary  (would  we  had  some  such  in  these 
days !)  says,  **  He  who  alters  an  old  house  is  ty*d  as  a  translator  to  the  original,  and  is  con- 
fined to  the  fancy  of  the  first  builder.  Such  a  man  would  be  unwise  to  pull  down  a  good 
old  building,  perhaps  to  erect  a  worse  new  one.  But  those  who  erect  a  new  house  from 
the  ground  are  worthy  of  blame  if  they  make  it  not  handsome  and  useful,  when  method 
and  confusion  are  both  of  a  price  to  them.** 


Sect.  XXI. 

PRIVATB    BUILDINGS    IN   TOWNS. 

2990.  The  common  houses  of  the  town  are  not  those  which  will  engage  our  attention. 
In  London,  and  indeed  throughout  the  towns  of  England,  the  habits  of  the  people  lead 
them  to  prefer  separate  houses  for  each  family,  to  one  large  one  in  which  several  families 
may  be  well  lodged,  or,  in  other  words,  they  prefer  rows  of  mean-looking  buildings,  with 
holes  in  the  walls  for  windows,  to  the  palatial  appearance  which  results,  in  Paris  and  most 
of  the  other  cities  in  Europe,  from  large  magnificent  buildings  with  courts,  and  capable  of 
accommodating  a  number  of  dificrent  establishments.  The  section  will  be  confined  chiefly 
to  the  arrangement  of  a  house  of  the  first  class;  and  from  what  will  be  said,  sufficient  hints 
may  be  drawn  for  the  composition  of  those  in  a  lower  class. 

2991.  The  private  buildings  in  a  town  are  often  in  their  composition  beset  with  diffi- 
culties which  do  not  occur  in  those  of  the  country,  where  the  extent  of  site  is  freer  and 
ampler.  These,  therefore,  may  be  isolated,  and  receive  light  from  every  side,  llieir 
offices  may  be  separated  from  the  main  house,  and  the  parts  may  be  disposed  in  the  simplest 
possible  manner;  but  in  cities  the  site  is  generally  more  or  less  restricted,  often  very 
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irregular  in  form,  and  generally  bounded  by  party  walls.  Yet,  with  all  these  obstacles,  it 
is  necemary  to  provide  almost  as  ma^y  conveniences  as  are  required  in  a  country  house ; 
whence  the  disposition  cannot  be  so  simple  in  its  application  as  where  there  is  no  restraint. 
All  that  can  be  done  is  to  make  it  as  much  so  as  the  nature  of  the  spot  will  permit,  and  to 
produce  the  maiimum  of  comfort  which  the  site  affords. 

S992.  Nothing  must  be  considered  below  the  attention  of  an  accomplished  architeet, 
nor  anything  above  his  powers ;  he  ought  as  cheerfully  to  undertake  for  Uie  proprietor  the 
conduct  of  the  meanest  cottage  as  of  the  most  magnificent  palace.  Little  wUl  be  requisite 
to  be  said  on  Uie  common  houses  of  London,  or  other  cities  and  towns  in  which  there  are 
seldom  more  than  two  rooms  and  a  closet  on  a  floor,  with  an  opening  behind.  These  may 
be  varied ;  but  the  general  mode  is  to  construct  them  with  a  kitchen  in  a  floor  sunk  below 
the  ground,  and  a  room  behind,  serving  for  a  variety  of  purposes ;  an  area  in  front,  with 
vaults  under  the  street,  and  the  same  often  in  the  rear  of  the  house.  The  space  opposite 
the  descending  stairs  will  form  a  dark  closet ;  and  the  privies,  and  wine  and  beer  cellars, 
with  other  small  oflAoes,  are  provided  in  the  vaults.  On  the  ground  floor  there  is  rarely 
more  than  a  passage  on  one  side,  which  conducts  to  a  staircase ;  and  this  requiring  more 
width  than  the  passage  itself,  the  best  room  on  this  floor  is  placed  in  front,  and  the  back 
is  a  smaller  room,  often  opening  on  a  small  light  closet  still  further  in  the  rear.  A  yard  » 
supposed  behind,  by  which  light  is  obtained  for  the  back  room.  On  the  one-pair  and 
other  floors  the  passage  becomes  unnecessary  as  an  access ;  the  drawing  or  fi-ont  room 
therefore  runs  over  it,  and  becomes  larger,  capable,  in  the  upper  floors,  of  subdivision  ftir 
bedrooms,  or  other  purposes,  as  may  be  required ;  and  the  back  rooms,  with  their  closets, 
if  carried  up,  follow  the  form  of  those  on  the  ground  floor.  Though  little  variety  may  be 
the  result  of  the  restricted  space  to  which  this  species  of  house  is  usually  confined,  the 
addition  of  four  or  five  feet  either  way  will  enable  an  intelligent  architect  to  throw  in 
closets  and  other  conveniences  which  are  invaluable,  as  relieving  a  small  house  fiom  the 
pressure  which  otherwise  will  exist  in  the  different  apartments.  But  this  will  be  obvious 
to  the  practical  man,  unless  he  walks  about  blindfold.  The  houses  we  have  just  described 
may  stand  upon  a  site  of  about  twenty  feet  by  thirty  feet,  independent  of  the  vaults  in  front 
and  rear,  and  the  back  light  closet,  which  is  an  invaluable  appendage  to  a  house  of  this  de> 
scription ;  which  is  the  scsJe  of  a  second-rate  house. 

2993.  Of  the  next  higher  rate  of  house  the  varieties  are  too  great  to  be  described, 
because  the  extent  of  the  largest  arrives  at  what  would  be  called  a  palace  on  the  continent. 
But,  taking  a  mean  between  that  just  described  and  that  last  named,  we  may  take  one 
similar  to  a  moderate  one  in  Portland  Place  for  example.  In  such  a  one  we  must  provide, 
on  the  basement  or  sunk  story,  vaults  under  the  street  for  beer,  coals,  wood,  privies,  and  the 
like,  the  refuse  or  dust  of  the  house.  The  body  or  corps  de  logis  on  this  floor  must  contain 
housekeeper's  room,  servants'  hall,  rooms  for  butler  and  head  footman,  wine  cellar,  closets 
for  linen,  strong  room  for  plate,  with  closets  and  other  conveniences  for  the  household. 
Hie  ascending  staircase  must  also  have  a  space  set  apart  for  it.  In  the  rear,  under  the  open 
area  behind,  will  be  placed  a  kitchen,  scullery,  and  the  larder,  with  the  other  appendages  of 
this  part  of  the  household ;  an  area,  covered,  where  the  communication  with  the  rest  of  the 
floor  is  made  between  the  body  of  the  house  and  the  oflSces  in  question.  Beyond  the 
kitchen  are  often  vaults  (though  the  disposition  is  sometimes  otherwise),  over  which  the 
stables  and  coachhouses  are  placed,  opening  on  the  ground  floor  or  to  a  mews  parallel  to 
the  street  in  which  the  house  is  situate.  The  ground  floor  of  this  disposition  has  usually 
a  dining-room  in  front,  with  a  good-sized  hall  at  its  side,  leading  to  a  staircase  wliich 
ascends  in  direction  of  the  long  side  of  the  house ;  and  this  is  necessary  when  the  rooms 
above  are  to  communicate  by  folding  doors.  In  some  old  houses,  however,  the  staircase 
ascends  between  the  front  and  back  rooms,  and  a  back  staircase  is  provided  by  the  side  of 
it.  But  more  commonly  this  is  placed  beyond  the  principal  stairs,  to  allow  of  throwing 
the  drawing-rooms  into  one.  In  rear  of  the  dining-room  is  often  placed  a  library  for  the 
gentleman  of  the  house ;  and  beyond  this,  and  further  than  Che  back  stairs^  when  the  lateral 
staircase  is  used,  a  waiting-room,  at  the  rear  of  which  a  water-closet  may  be  placed,  witli  a 
door  from  it  to  the  area  over  the  kitchen ;  or  there  may  be  a  communication  of  this  sort  firom 
the  waiting-room,  which  may  serve  the  purpose  of  access  to  the  stables.  On  the  one^pair. 
floor  the  disposition  will  be  two  drawing-rooms,  a  boudoir  over  the  wuting-room,  and  be> 
yond  this  a  water-closet.  On  the  two-pair  floor  two  bed-rooms,  each  with  a  dressing-room, 
or  three  bed-rooms  and  one  dressing-room,  and  a  bath-room  and  water-closet.  Above  this 
four  bed-rooms  and  closets  may  be  obtained  ;  and,  if  necessary,  rooms  in  the  roof  in  addi> 
tion.  For  a  good  house  of  this  class,  with  the  offices,  the  plot  of  ground  should  not  be 
much  less  than  1 00  feet  by  SO. 

2994.  Of  the  first  class  of  houses,  as  a  model  may  be  taken  the  town-house,  in 
Piccadilly,  of  His  Grace  the  Duke  of  Devonshire,  which,  with  the  offices  and  court-yard 
in  front,  covers  an  area  extending  about  231  feet  towards  the  street,  and  188  feet  in 
depth,  whereof  the  house  itself  occupies  a  frontage  of  1 63  feet  and  a  depth  of  1 88  feet, 
and  opens  on  to  a  large  garden  in  the  rear.     On  the  east  side  of  the  oourt-yazd  are  dis- 
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posed  the  kitchen  and  other  domestic  offices,  oppoate  whereto,  on  the  west  side,  stand 
the  coach-houses  and  stabling.  The  basement  of  the  house  contains  apartments  for  the 
yarious  persons  attached  to  such  an  establishment  The  principal  floor  to  which  the 
ascent  is  by  an  external  sturcase,  contains  an  entrance>hall,  35  feet  by  SO  feet,  and  com- 
municates to  an  apartment  on  the  west  side,  SS  feet  by  22  feet,  leading  to  the  south- 
western comer  room,  which  is  20  feet  square.  On  the  north  of  the  last  is  a  room,  making 
the  north-west  angle  of  the  building,  and  this  is  40  feet  by  20  feet.  On  the  east  side 
of  this  last,  and  fecins  the  north,  is  a  room  S3  feet  by  2S  feet,  and  in  the  centre  of  the 
north  front,  correspondmg  with  the  width  of  the  hall,  is  an  apartment  30  feet  by  23  feet 
6  inches.  To  the  east  of  the  last  is  a  room  33  feet  by  24  feet,  and  east  of  that,  forming 
the  north-east  angle,  is  a  small  room  20  feet  square.  Thus  fer  these  rooms,  seven  in 
number,  are  all  en  tuite,  but  this  is  in  some  measure  interrupted  by  the  remainder  of  the  east 
flank,  which  is  filled  with  three  smaller  rooms.  To  that  of  them,  however,  at  the  south, 
which  is  20  feet  square,  a  passage  is  preserved,  and  from  that  you  enter  another  room, 
23  feet  by  22  feet,  which  once  more  brings  you  back  to  the  halL  The  staircases  are 
between  the  north  and  south  rooms  on  each  side  of  the  halL  Above  this  floor  are  the 
lodging  rooms,  &c.  The  superficial  area  of  ail  the  reception  rooms  on  the  principal  floor, 
added  together,  amounts  to  5708  feet. 

2995.  Burlington-house,  in  some  respects, — for  instance,  in  its  beautiful  front  court, 

may  be  considered  superior  to  that  we  have  just  described.  It  can  be  hardly  necessary  to  add 
that,  in  such  edifices,  rooms  must  be  provided  for  steward,  butler,  housekeeper,  stillroom- 
maid,  servants*  hall  of  good  dimensions,  valets,  ladies*  maids,  &c. ;  for  a  muniment  room  and 
plate,  both  of  which  must  be  fire-proof  Baths  also  should  be  placed  on  the  chamber  floor, 
with  other  conveniences  which  will  occur  to  the  architect.  The  rooms  for  pictures,  if 
possible,  should  be  on  the  north  side  of  the  building.  To  Lord  Burlington  the  EngUsh 
aristocracy  is  much  indebted  for  the  introduction  of  the  Italian  style  into  their  dwellings  ; 
for  the  taste  of  Jones  had  almost  passed  away  when  the  talented  nobleman  in  question 
gave  a  new  impetus  to  proper  disposition  and  decoration.  Plans  and  elevations  of  Devon- 
shire-house are  given  in  the  FitrutnuB  Britamnicu$t  which  contains  other  town  houses  of 
importance  well  worth  the  student's  attention. 
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rtLPTAVE   BUILDINGS   IN   THE   COUMTRT. 

2996.  Of  first-class  private  buildings  in  the  country,  we  apprehend  we  cannot  furnish 
better  hints  than  by  describing  that  of  Kedlestoue,  in  Derbyshire,  erected  for  Lord  Scars- 
dale  by  Robert  Adam.  There  are  others  which  are  larger,  but  we  do  not  think  any 
superior  in  distribution  and  effect  The  plans  and  elevations  of  it  are  to  be  seen  in  the 
FiirumuM  BrUanment  above  mentioned.  The  main  body 
of  the  house  M  (Jiff,  1038.),  is  about  136  feet  by  105 
feet ;  and  at  each  angle  are  quadrants  of  communication 
to  the  four  wings  A,  B,  C,  and  D,  which  are  each  about 
70  feet  by  54  feet  On  the  basement  story  of  the  main 
building  are  a  large  and  small  sub-hall  in  the  centre,  the 
former  67  feet  3  inches  by  42  feet,  and  the  latter  42  feet  by 
40  feet  7  inches.  On  the  right  of  these  are  disposed  a 
butler's  room,  22  feet  6  inches  by  17  feet  9  inches;  a 
housekeeper's  room,  and  a  steward's  room,  30  feet  by  21 
feet  6  inches.     On  the  left,  a  bath,  a  gun-room,  23  feet  ^'  ^^' 

9  inches  by  23  feet  7  inches ;  a  smoking  parlour,  28  feet  by  17  feet  9  inches;  a  boot-room, 
22  f^  6  inches  by  1 7  feet  9  inches,  besides  closets  and  staircases,  &c.  on  eiUier  side.  The 
wing  B  contains  the  stables,  a  chapel,  and  other  apartments.  C,  sleeping  and  other  rooms, 
eight  in  number,  with  a  staircase  which  conducts  to  the  corridor  in  the  corresponding 
quadrant  D  contains  the  kitchen  and  its  requisite  accessories,  and  a  servants'  halL  This 
wing  has  also  a  staircase  to  its  corresponding  corridor  in  the  quadrant,  which  attaches  it 
to  the  main  body.  On  the  principal  story,  the  main  body  M  has  at  the  entrance,  which 
is  in  the  centre,  and  approached  by  a  noble  flight  of  steps,  a  magnificent  hall,  69  feet 
3  inches  by  42  feet,  at  the  end  whereof  is  a  saloon  42  feet  diameter.  To  the  right,  enters 
ing  from  the  hall,  is  the  principal  staircase,  beyond  which,  laterally,  is  a  bed-cfiamber  33  feet 
by  22  fieet,  with  its  accessories ;  and  on  its  end,  towards  the  back  front,  are  ante-rooms,  and 
towards  the  front  the  dining-room,  whence  by  the  corridor  is  access  to  the  kitchen  in  the 
wing  D,  and  from  the  ante-rooms  above  mentioned  the  corresponding  corridor  on  that  side 
leads  to  a  conservatory  in  the  back  front  of  the  wing,  and  the  upper  part  of  the  chapel. 
.On  the  left-band  side  of  the  hall,  with  windows  in  the  left  flank  oS  the  main  body,  is  th^ 
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drawing-room,  44  feet  by  28  feet ;  at  the  end  towards  the  rear  is  a  library,  which  is  con- 
tinued in  the  corridor  leading  to  the  wing  A,  wherein  is  a  music  gallery^  66  feet  by  18  feet, 
with  other  rooms  and  a  staircase.  On  the  end  of  the  drawing-room,  towards  the  firont,  is 
a  music  room,  36  feet  by  24  feet,  whence  the  corridor  leads  to  Lord  Searsdale's  bedroom, 
18  feet  square,  with  dressing-rooms,  and  the  lady's  library,  which,  on  this  floor,  are  in  the 
wing  C.  The  wing  D  is  occupied  by  the  upper  part  of  the  kitchen,  a  laundry,  35  feet  l^ 
18  feet,  and  some  bedrooms,  to  which  access  is  by  a  gallery  orer  part  of  the  kitchen. 
The  main  body  and  wings  contain  a  story  over  what  has  been  last  described,  chiefly  for 
chambers.  We  have  before  (in  the  First  Book.^^c.  221, 222.)  noticed  the  splendid  hall  and 
salon,  which  occupy  the  height  of  the  whole  building,  and  are,  though  somewhat  feulty  in 
detail,  very  finely-conceived  and  well-proportioned  apartments.  The  former  is  40  feet  high 
to  the  top  of  the  cove,  and  the  latter  55  feet  to  the  level  of  the  eye  of  the  dome.  Though 
the  elevations  exhibit  defects,  we  are  not  inclined  to  quarrel  with  them  in  a  dwelling  which 
deserves  rather  the  name  of  a  palace  than  of  a  country  house. 

2997.  England  abounds  with  country  seats  of  this  class :  among  them  is  Holkham, 
which  has  already  been  mentioned  in  the  First  Book  (51 1.) ;  but  we  know  none  for  dispo- 
sition that  can  claim  superiority  over  that  which  we  have  above  described  at  length,  from 
which  the  student  may  derive  much  information  on  the  requirenda  in  a  manmon  of  the 
first  class.  It  is  to  be  understood  that  we  here  intend  modem  buildings.  Tlie  houses  of 
the  times  of  Elizabeth  and  James  are  many  of  them  magnificent  structures,  but  the  com- 
fort introduced  into  houses  of  later  date  leaves  them,  independent  of  their  picturesque 
beauty,  far  behind  the  buildings  of  Kent,  Carr,  James,  and  many  others.  Blenheim  is 
monumental  in  its  design,  and  properly  so,  and  hence  does  not  fell  within  the  category  of 
the  section. 

2998.  There  are,  of  course,  many  intervening  degrees  between  the  mansion  we  have  just 
described  and  the  villa  of  the  retired  banker  or  merchant :  it  would  be  impossible  to  state 
them  in  detail.  We  have  given  the  maximum  in  the  above  case,  and  we  shall  now  give  the 
minimum  for  the  class  last  mentioned. 

2999.  The  smallest  site  of  ground  on  which  a  viUa  can  be  well  designed  is,  supposing 
it  an  oblong,  about  80  feet  by  5S  to  60  feet  This  on  the  principal  floor  will  admit  of  a 
hall,  a  salon  or  ante-room,  which  may  lead  to  the  principal  apartments,  a  drawing-room, 
two  secondary  drawing-rooms,  one  whereof  may  be  appropriated  to  the  reception  of  a 
billiard  table,  a  good  dining-room,  not  less  than  30  feet  by  20  feet,  a  library  of  equal  size, 
with  other  rooms,  suitable  to  the  particular  taste  of  the  proprietor,  and  the  conveniences 
and  accessories  which  such  a  building  requires.  I'he  ground,  supposing  the  domestic 
offices  to  be  under  the  principal  floor,  should  be  raised,  so  that  they  need  not  be  much 
sunk  below  the  general  level  of  the  land.  If  the  building  be  seated  on  rising  ground,  a 
little  more  sinking  may  be  allowed  than  under  other  circumstances,  provided  the  lower 
story  be  protected  by  dry  drains  all  round  the  building,  to  prevent  the  earth  lying  against 
the  walls,  because  drainage,  the  most  important  of  all  things  in  a  building,  may  then  be 
obtained  easily  by  the  natural  fall  of  the  ground.  The  plot  we  have  mentioned  will  admit 
of  all  the  offices  below,  which  are  necessary  for  the  service  of  a  good-sized  family,  and 
above,  with  only  one  story  above  the  principal  one,  will  afford  a  pretty  feir  allowance  of 
dormitories ;  but  if  a  concealed  story  for  servants  be  practised  in  the  roo^  there  are  few 
establishments  on  a  common  scale  for  which,  on  the  plot,  accommodation  may  not  be  pro- 
vided by  a  skilful  artist.  The  stables  and  coach-houses  and  the  greenhouses  should  stand 
apart  Some  persons  like  to  have  these  communicating  with  the  villa  itself;  but  the  prae* 
tice  is  destructive  of  symmetry,  and  very  injurious  (except  in  the  villa  on  an  irregular  plan, 
which  then  rather  approaches  to  the  cottage  omf)  to  the  general  effect  of  the  architecture. 

3000.  The  villas  at  Foot's  Cray  and  Mereworth,  imitations  of  Palladio's  Villa  Capra, 
so  often  mentioned  in  this  volume,  and  represented  in  fig,  1018.,  are  the  maxima  of  villas : 
beyond  this  the  villa  becomes  a  mansion,  and  must  be  treated  as  one  on  a  scale  more  or 
less  grand,  as  the  means  of  the  proprietor  allow  the  architect  to  provide  for  his  wants.  All 
precepts,  however,  on  this  head  are  valueless,  because  the  architect  is  r^^Iated  so  much  by 
the  convenience  required.  He  must  possess  himself  fully  of  that,  and,  attending  to  the 
general  rules  given  throughout  the  work,  but  especially  in  this  Third  Book,  he  will  find 
little  difficulty  in  fulfilling  the  commission  with  which  he  is  intrusted.  Among  other 
matters  let  him  well  inform  himself  of  what  has  been  done,  and  make  himself  master  of  the 
points  involved  in  domestic  economy,  from  the  lowest  to  the  highest  grade,  and  he  cannot, 
using  tliat  information,  fell  of  giving  his  employer  that  satisfaction  which  is  the  first  care  that 
should  animate  him. 

3001.  It  is  not  our  intention  to  touch  upon  the  et^tage  onU,  as  it  is  called.  This  is  a 
nondescript  sort  of  building,  subject  only  to  rules  which  the  architect  chooees  to  impose 
upon  himself.  The  only  point  to  be  attended  to,  after  internal  comfort  has  been  provided 
for,  is  to  present  picturesque  efiect  in  the  exterior.  It  is  a  branch  of  practice  requiring  a 
minimum  of  mind  on  the  part  of  the  architect,  and  for  the  successful  execution  of  which 
the  landscapes  of  Caspar  Poussin  will  give  him  enough  hints  to  stud  a  province  with  them. 


Chai-.  III.  FARM-HOUSES.  815 

Skct.  XXIII. 

FAKM-BOUSSS. 

S002.  The  mere  building  denominated  a  farm-house  is  simple  enough  in  its  distribution, 
and  scarcely  justifies  a  section  here,  because  the  persons  engaged  in  agriculture  have, 
generally  the  best  notion  of  the  mode  of  suiting  it  to  their  own  particular  business  and  the 
nature  of  the  iarm  they  occupy.  It  is  first  to  be  considered  whether  it  is  expedient  to 
place  it  close  to  the  other  buildings  of  the  farm,  such  as  the  barns,  stables,  and  stalls  for 
cattle,  &c.  If  so,  it  should  be  designed  in  character  with  them,  and  a  large  space  of  ground 
is  enclosed  for  the  formation  of  a  fiEum-yard ;  which,  notwithstanding  the  seemingly  re- 
pulsive nature  of  the  subject,  may  be  made  a  very  picturesque  composition  as  a  whole. 
The  farm-house  itself  though  it  must  be  suflSciently  large  to  accommodate  the  family  of 
the  &rmer,  should  be  restricted  in  the  size  of  its  rooms  and  the  extent  of  its  plan  by  the 
magnitude  of  the  farm,  it  being  altogether  an  absurdity  to  plan  a  large  house  on  a  small 
fiu-m,  not  only  because  of  the  original  cost,  which  the  rent  of  the  land  will  not  justify,  but 
because  of  the  cost  of  the  annual  repairs  which  a  large  building  entails  beyond  those  of  a 
smaller  one.  The  same  observation  applies  to  the  fiirm  buildings  themselves,  which  in 
extent  must  be  regulated  by  the  size  of  the  farm  cultivated.  It  is  moreover  to  be  con- 
sidered, in  respect  of  the  latter,  whether  the  fiurm  be  grazing  or  arable.  In  the  first  case 
more  provision  of  cattle  sheds  must  be  afforded ;  in  the  latter  case  more  bams  must  be 
allotted  to  the  cultivator.  These,  however,  are  matters  upon  which  the  architect  receives 
his  instructions  from  the  proprietor,  and  whereon,  generally  speaking,  he  is  himself  incom- 
petent to  form  a  correct  judgment. 

SOOS.  In  the  commonest  fiurm-houses  the  external  door  may  open  to  a  plain  passage,  at 
the  end  whereof  the  staircase  may  be  placed.  On  one  side  of  the  passage  may  be  a  com- 
mon kitchen,  and  on  th%  other  side  the  better  or  larger  kitchen,  serving  also  as  a  parlour 
for  the  farmer  and  his  family.  Beyond  these,  on  one  side,  may  be  placed  the  pantry,  and 
on  the  other  side  the  dairy-room,  the  last  being  much  larger  than  the  former,  and  being  on 
the  side  of  the  parlour  or  best  kitchen,  not  so  liable  to  the  heat.  To  these,  as  needful,  may 
be  added  more  rooms  on  the  ground  floor;  the  upper  story  being  divided  into  bed- 
chambers for  the  &mily,  with  garrets  over  them  for  the  servants.  The  kitchens  should  be 
placed  upon  arched  cellars  on  several  accounts,  not  the  least  of  which  is  that  the  farmer 
should  have  the  means  of  preserving  in  good  condition  the  malt  liquor  or  cyder  which  is 
the  principal  beverage  of  his  establishment  It  is  a  sad  mistake  on  the  part  of  landed 
proprietors,  though  common  enough,  to  think  that  such  buildings  are  not  only  below  the 
care  of  an  architect,  but  that  he  is  too  ignorant  of  the  wants  of  the  farmer  to  be  competent 
to  the  task  ;  i^  however,  he  will  reflect  for  a  moment,  he  must  admit  that  the  artist  who 
can  make  the  most  of  a  large  plot  of  ground,  with  numberless  requirements  in  the  accom- 
modation, is  not  less  able  to  turn  to  the  greatest  advantage  for  the  comfort  of  the  occupier 
even  a  small  fium-house. 

S004.  In  the  erection  of  a  larger  £Eirm-house  the  choice  of  the  site,  as  before,  must  de- 
pend on  the  nature  of  the  ground  and  the  situation  of  the  farm.  Health  and  convenience 
are  the  primary  governing  matters.  It  must  never  be  placed  where  it  cannot  be  well 
drained.  It  should  be  central  to  the  land,  and  as  near  the  road  as  the  conditions  will 
admit  For  such  a  building  the  principal  door  may  open  into  a  moderately  wide  passage, 
having  therein  a  staircase  to  the  upper  rooms.  On  the  right  of  the  passage  a  common 
kitchen  may  be  provided  for  the  fiunily,  and  on  the  left  a  room  somewhat  larger,  which  in 
very  small  fium-houses  used  to  be  called  the  best  kitchen,  but  which  in  this  may  be  really 
the  parlour,  where  the  femily  may  sit  retired  from  the  servants.  Under  these^  cellars,  as 
above  mentioned,  may  be  provided.  On  the  ground  floor  we  may  now  add  a  bakehouse 
and  scullery  to  the  pantry  and  dairy  provided  m  the  first  scheme,  as  also  closets  and  such 
conveniences  for  the  housewife.  The  floor  above  may  be  extended  over  the  additional 
'rooms  just  mentioned,  thus  giving  lodging  room  to  a  larger  number  of  persons  than  to 
those  contemplated  in  the  first  scheme.  **  In  this  manner,"  says  Ware,  in  his  Complete 
Body  of  Architecture,  folio,  London,  1756,  **the  young  architect  will  very  easily  see  how  to 
enlarge  or.  contract  his  plan  for  the  building  of  farm-houses,  according  to  the  intended 
bigness.** ..."  lliey  all  consist  of  the  same  number  of  rooms,  and  in  general  o£  the  same 
number  of  offices ;  this  is  where  the  bare  article  of  convenience  for  fiurming  is  concerned. 
Where  the  inhabitant  is  grown  rich,  and  intends  to  live  in  another  manner,  he  may  add 
what  he  pleases,  which  the  architect  may  adopt"  .  .  .  **It  is  then  no  longer  to  be  con- 
sidered a  ferm-house,  but  as  the  house  of  some  person  of  fortune,  who  intends  to  live  as 
those  independent  of  business  do,  but  withal  to  have  some  farming  in  his  eye.**  When  the 
fiurm-house  comes  to  this  extent  it  trenches  hard  upon  the  condition  of  the  villa,  though  not 
quite  reaching  it,  because  the  latter  includes  many  provisions  for  a  refined  mode  of  living 
which  the  yeoman,  the  pride  of  England,  does  not  require;  a  class  which,  we  fear,  the  ma- 
nufiusturing  and  commercial  classes  are  fiftst  annihilating4 
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3005.  *'  Estates,**  observes  Kent,  (  Hints  to  GtrUUmm  of  Landed  Property,  8vo.  London, 
1776,)r"  being  of  no  value  without  hands  to  cultivate  them,  the  labourer  is  one  of  the  most 
valuable  members  of  society :  without  him  the  richest  soil  is  not  worth  ownine.**  It 
follows,  then,  that  his  condition  should  be  most  especi^Iy  considered,  and  it  is  a  duty  on 
erery  country  gentleman  to  take  care  that  the  labourers  on  his  estate  are  so  considereid  as 
to  be  made  at  least  comfortable.  **  The  shattered  hovels,**  says  the  same  author,  **  which 
half  the  poor  of  this  kingdom  are  obliged  to  put  up  with,  is  truly  affecting  to  a  heart 
fraught  with  humanity.** .  .  .  **  The  weather  penetrates  all  parts  of  them,  which  must 
occasion  illness  of  various  kinds,  particularly  agues;  which  more  frequently  visit  the 
children  of  cottagers  than  any  others,  and  early  shake  their  constitutions.** .  .  .  **  We  are 
careful  of  our  horses,  nay,  of  our  dogs,  which  are  less  valuable  animals ;  we  bestow  con- 
siderable attention  upon  our  stables  and  kennels,  but  we  are  apt  to  look  upon  cottages  as 
incumbrances  and  clogs  to  our  property,  when,  in  fiut,  those  who  occupy  them  are  the 
very  nerves  and  sinews  of  agriculture.**  We  fear  the  neglect  of  the  comfort  of  the  cottager 
has  given  a  greater  impulse  to  poaching  and  other  crimes  than  his  natural  propensities 
have  induced.  This,  however.  Is  not  a  matter  for  discussion  here.  It  is  not  to  be  supposed 
that  we  mean  the  labourer  is  to  be  placed  in  an  expensive  dwelling ;  a  difference  of  rank 
must  exist ;  and  if  the  whole  revenue  of  the  country  were  divided  among  the  population 
per  head,  it  would  be  seen  (as  M.  Dupin  has  recently  shown  in  a  most  eloquent  and 
sound  address  delivered  in  Paris  as  respects  France)  that  the  division  of  it  per  day, 
after  allowing  for  the  expenses  of  the  most  economical  government  that  could  be  de- 
vised, would  be  such  as  would  not  satisfy  the  lowest  class  of  labourer,  much  less  the  in- 
genious mechanic.  This  is  a  matter  so  susceptible  of  proof,  and  so  proper  to  be  generally 
promulgated,  that  we  have  here  gone  a  little  out  of  our  way  lest  we  should  be  conadered 
too  urgent  with  respect  to  the  cottager. 

3006.  No  cottage  ought  to  be  erected  which  does  not  contain  a  warm,  comfortable, 
plain  room,  with  an  oven  to  bake  the  bread  of  its  occupier ;  a  small  closet  for  the  beer  and 
provisions,  two  wholesome  lodging  rooms,  one  whereof  should  be  for  the  man  and  his  wife, 
and  the  other  for  his  children.  It  would  be  well  always,  if  possible,  that  the  boys  and 
girls  in  a  cottage  should  be  separated ;  but  this  unfortunately  entails  an  expense,  and  per- 
haps is  not  so  materially  necessary,  because  the  boys  find  employment  at  an  early  age.  A 
shed  for  fuel  should  be  attached. 

Cottages  should  always  be  placed  in  sheltered  spots,  and  as  near  as  possible  to  the 
fitfm  where  the  labourer  is  employed.  The  wear  and  tear  of  a  man  is  not  very  dissi- 
milar  to  that  of  an  engine,  and  it  tends  as  much  to  the  interest  of  the  fiurmer  as  it  does  to 
the  comfort  of  the  labourer  that  all  unnecessary  fatigue  be  avoided. 

3007.  In  the  erection  of  cottages  it  is  not  only  more  economical,  but  more  comfortable 
to  the  occupiers,  that  they  should  be  built  double,  or  in  twos  at  least.  In  those  provinces 
where  brick  or  stone  can  be  obtained  they  should  never  be  constructed  with  dmber,  and 
tiles,  if  they  can  conveniently  be  had,  should  always  supersede  thatch.  Further  observa- 
tion on  this  subject  will  be  unnecessary,  for  we  have  ill  delivered  the  principles  of  our  art 
if  the  student  be  not  now  prepared  to  carry  out  the  few  hints  on  the  subject  of  cottages, 
— buildings,  in  point  of  hct,  of  importance  paramount  to  the  palace  which  the  sovereign 
inhabits. 

llie  following  remarks  are  from  a  very  talented  and  practical  person,  J.  C.  Loudoo, 
Esquire. 

**  The  egtential  requintet  of  a  comfortable  labourer's  cottage  may  be  thus  summed  up :  — 

"  I.  The  cottage  should  be  placed  alongside  a  public  road,  as  being  more  cheerful  than  a 
solitary  situation,  and  in  order  that  the  cottager  may  e^joy  the  applause  of  the  public  when 
he  has  his  garden  in  good  order  and  keeping. 

"  2.  The  cottage  should  be  so  placed  that  the  sun  may  shine  on  every  mde  of  it  during 
the  day  throughout  the  year,  when  he  is  visible.  For  this  reason,  the  front  of  the  cottage 
can  oidy  be  parallel  to  the  public  road  in  the  case  of  roads  in  the  direction  of  north-east, 
south-west,  north-west,  and  south-east ;  in  all  other  cases  the  front  must  be  placed  obliquely 
to  the  road,  which,  as  we  have  previously  shown,  is  greatly  preferable  to  having  the  front 
parallel  to  the  road. 

*'  3.  Every  cottage  ought  to  have  the  floor  elevated,  that  it  may  be  dry  ;  the  walls  double 
or  hollow,  or  battened,  or  not  less  than  eighteen  inches  thick,  that  they  may  retain  heat ; 
with  a  course  of  date  or  flagstone,  or  tiles  bedded  in  cement,  six  inches  above  the  surfiuMS,  to 
prevent  the  rising  of  damp  ;  the  roof  thick  or  double,  for  the  sake  of  warmth ;  and  project- 
ing eighteen  inches  or  two  feet  at  the  eaves,  in  ord^  to  keep  the  walls  dry,  and  to  check  the 
radiation  of  heat  from  their  exterior  surfiice. 
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"  4.  In  general,  every  cottage  ought  to  be  two  stories  high,  iso  that  the  sleeping  rooms  may 
not  be  on  the  ground  floor ;  and  the  ground  floor  ought  to  be  from  six  inches  to  one  foot 
above  the  outer  surface. 

*'  5.  The  minimum  of  accommodation  ought  to  be  the  kitchen  or  livine  room,  a  back 
kitchen  or  wash-house,  and  a  pantry,  on  the  ground- floor,  with  three  bedrooms  over  ;  or 
two  rooms  and  a  wash-house  on  the  grouifd*floor,  and  two  bedrooms  over. 

**  6.  Every  cottage,  including  its  garden,  yard,  &c.,  ought  to  occupy  not  less  than  one 
sixth  of  an  acre ;  and  the  garden  ought  to  surround  the  cottage,  or  at  all  events  to  extend 
both  bdbre  and  behind.  In  general,  there  ought  to  be  a  front  garden  and  a  back  yard,  the 
latter  being  entered  from  the  back  kitchen,  and  containing  a  privy,  liqxiid  manure  tank, 
place  for  dust  and  ashes,  and  place  for  f\jeL 

"  7.  If  practicable,  every  cottage  ought  to  stand  singly,  and  surrounded  by  its  garden ; 
or  at  all  events  not  more  than  two  cottages  ought  to  be  joined  together.  Among  other 
important  arguments  in  favour  of  this  arrangement,  it  may  be  mentioned  that  it  is  the  only 
one  by  which  the  sun  can  shine  every  day  on  every  side  of  the  cottage.  When  cottages  are 
joined  together  in  a  row,  unless  that  row  is  in  a  diagonal  direction  with  reference  to  a  south 
and  north  line,  the  sun  will  shine  chiefly  on  one  side.  By  having  cottages  singly  or  in 
pairs,  they  may  always  be  placed  along  any  road  in  such  a  manner  that  the  sun  may  shine 
on  every  side  of  them,  provided  the  point  be  given  up  of  having  the  front  parallel  to  the 
road,  a  point  which  in  our  opinion  ought  not  for  a  moment  to  be  put  in  competition  with 
the  advantages  of  an  equal  diffusion  of  sunshine. 

"  8.  Every  cottage  ought  to  have  an  entrance  porch  for  containing  the  labourer's  tools, 
and  into  which,  if  possible,  the  stairs  ought  to  open,  in  order  that  the  bccirooms  may  be 
communicated  with,  without  passing  through  the  front  or  back  kitchen.  This,  in  the  case 
of  sickness,  is  very  desirable,  and  also  in  the  case  of  deaths,  as  the  remains  may  be  carried 
down  stairs  while  the  fiunily  are  in  the  front  room. 

"  9.  The  door  to  the  front  kitchen  or  best  room  should  open  from  the  porch,  and  not 
from  the  back  kitchen,  which,  as  it  contains  the  cooking  utensils  and  washing  apparatus, 
can  never  be  flt  for  being  passed  through  by  a  stranger,  or  even  the  master  of  a  family, 
where  proper  regard  is  had  by  the  mistress  to  cleanliness  and  delicacy. 

"  10.  \l^en  there  is  a  supply  of  clear  water  from  a  spring  adjoining  the  cottage,  or  from 
some  other  efficient  source,  then  there  ought  to  be  a  well  or  tank,  partly  under  the  floor  of 
the  back  kitchen  for  drawing  it  up  for  use,  as  hereafter  described  in  detaiL  The  advan- 
tages of  having  the  tank  or  well  under  the  back  kitchen  are,  that  it  will  be  secure  from 
frost,  and  that  the  labour  of  carrying  water  will  be  avoided. 

*'  1 1.  The  privy  should  always  be  separated  from  the  dwelling,  unless  it  is  a  proper  water- 
closet,  with  a  soil-pipe  communicating  with  a  distant  liquid  manure  tank  or  cesspool. 
When  detached,  the  privy  should  be  over  or  a4joining  a  liquid  manure  tank,  in  which  a 
straight  tube  from  the  bottom  <^  the  basin  ought  to  terminate ;  by  which  means  the  soil 
basin  may  always  be  kept  clean  by  pouring  down  the  common  slops  of  the  house.  No 
surface  being  left  from  which  smell  can  arise,  except  that  of  the  area  of  the  pipe,  the  double 
flap,  to  be  hereafter  described,  will  prevent  the  escape  of  the  evaporation  from  this  small 
surface,  and  also  ensure  a  dry  and  clean  seat. 

"  1 2.  The  situation  of  the  liquid  manure  tank  should  be  as  far  as  possible  from  that  of 
the  filtered  water  tank  or  clear  water  well.  It  should  be  covered  by  an  lur-tight  cover  of 
flagstone,  and  have  a  narrow  well  adjoining,  into  which  the  liquid  should  Alter  through  a 
grating,  so  as  to  be  pumped  up  or  taken  away  without  grosser  impurities,  and  in  this  state 
applied  to  the  soil  about  growmg  crops. 

**  1 3.  In  general,  proprietors  ought  not  to  intrust  the  erection  of  labourers*  cottages  on 
their  estate  to  the  farmers,  as  it  is  chiefly  owing  to  this  practice  that  so  many  wretched 
hovels  exist  in  the  best-cultivated  districts  of  Scotland  and  in  Northumberland. 

**  14.  No  landed  proprietor,  as  we  think,  ought  to  charge  more  for  the  land  on  which 
cottages  are  built  than  he  would  rec^ve  for  it  from  a  fanner  if  let  as  part  of  a  farm ;  and 
no  more  rent  ought  to  be  charged  for  the  cost  of  building  the  cottage  and  enclosing  the 
garden  than  the  same  sum  would  yield  if  invested  in  land,  or,  at  all  events,  not  more  than 
can  be  obtained  by  government  securities. 

**  1 5.  Most  of  these  conditions  are  laid  down  on  the  supposition  that  the  intended  builder 
of  the  cottage  is  actuated  more  by  feelings  of  human  sympathy  than  by  a  desire  to  make 
money ;  and  hence  they  arc  addressed  to  the  wealthy,  and  especially  to  the  proprietors  of 
land  and  extensive  manufactories  or  mines.** 

S008.  The  preceding  observations  of  Mr.  Loudon  are  extracted  from  a  *<  Report  to  Her 
Majesty's  principal  Secretary  of  State,  from  the  Poor  Law  Commissioners,  on  an  Enquiry 
into  the  Sanitary  Condition  of  the  Labouring  Population  of  Great  Britain.'*  8vo.  London, 
1842.  We  regret  that  this  Report  was  not  published  in  time  for  us  to  notice  one 
portion  of  it  under  its  proper  head,  namely,  that  of  sewers,  a  subject  on  which  a  very 
lengthened  experience  has  eiuU>led  us  to  acquire  some  knowledge.     Tlie  writer  of  the  Ilo- 
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port,  who  hinuelf  cannot  be  supposed  at  all  qualified  for  sueb  a  task,  has  recomiDended 
forms  for  sewer^  which  practice  has  proved  to  be  ezoeedingly  inconvenient ;  and  has  more^ 
over  given  to  a  gentleman  having,  as  he  says,  **  the  experience  asCd  qualifieatioiDS  of  an 
engineer,'*  the  credit  of  having  invented  a  method  of  flushing  the  sewers,  and  of  carrying 
oft*  all  the  refuse  by  water :  a  scheme  so  far  from  novel  that  we  ourselves  have  used  it  on  a 
very  extensive  scale  for  the  last  thirty-five  years  at  least.  We  have  thought  it  right  here 
to  notice  this  Report,  which  in  many  other  particulars  is  ill  and  carelessly  drawn  up.  It 
is  much  to  be  regretted  that  it  was  not  committed  to  more  competent  hands ;  we  mean 
such  parts  as  relate  to  the  sifting  and  arrangement  of  the  evidence  whereon  it  is  founded. 
But  this  is  the  course  of  things  in  this  country  :  a  briefless  barrister,  without  the  least  pre- 
paratory education  for  the  task,  delivers  opinions  ex  cathedra^  on  which  a  scientific  person 
would  pause.     **  Thus  fools  rush  in  where  angels,  &c.** —  but  the  quotation  is  trite. 
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I.  —  LAWS  RELATING  TO  BUILDING. 

The  earliest  legislative  enactment  relative  to  the  buildings  of  the  metropolis  was,  we  believe* 
in  the  reign  of  Henry  VIJ. ;  but  the  first  important  statute  regulating  the  thickness  of 
walls,  &c.  was  passed  in  the  19th  Charles  II.,  and  became  necessary  in  rebuilding  the  city 
after  the  great  fire  in  1666.  This  was,  however,  deemed  insufficient,  for  the  common 
council  of  the  city  of  London  found  it  necessary  to  pass,  on  the  29th  of  April,  1667,  some 
resolutions  for  regulating  buildings  therein,  which  resolutions  were  confirmed  and  made 
binding  in  the  city  on  the  8th  of  May  following  by  the  king  in  council,  llie  regulations 
thus  Qiade,  as  they  are  no  longer  in  force,  it  is  unnecessary  here  to  enumerate ;  suffice  it  to 
say,  that  alterations  were  required,  and  that,  consequently,  they  were  enlarged,  amended, 
and  more  fully  eiplained  by  acts  passed  6  Anne,  c.  SI.;  7  Anne,  c.  17.;  II  Geo.  I.  c.  28.; 
33  Geo.  II.  c.  30.;  4  Geo.  III.  c.  H.;  6  Geo.  IIL  c.  27.;  6  Geo.  III.  c.  37.;  12  Geo.  IIL 
c.  73.;  and,  lastly,  14  Geo.  III.  c.  78.,  which  repealed  all  the  former  acts,  and  b  now  the 
statute  to  which  all  buildings  to  be  erected  within  the  bills  of  mortality  must  conform.  It 
is  usually  called  the  Building  Act,  and  is  in  so  many  respects  a  mass  of  absurdity  that  it 
ought  long  since  to  have  been  repealed.  As,  however,  it  remains  on  the  Statute  Book,  this 
work  would  be  incomplete  without  it ;  and  it  is  therefore  here  printed  at  length,  with  some 
diagrams  of  illustration. 

An  Act  for  the  further  and  better  regulation  of  buildings  and  party-walls,  and  for  the 
more  effectually  preventing  mischiefs  by  fire,  within  the  cities  of  Londrni  and  West- 
minster and  the  liberties  thereof  and  other  the  parishes,  precincts,  and  places  within 
the  weekly  bills  of  mortality,  the  parishes  of  Saint  Mary-le-bon,  Paddington,  Saint 
Pancras,  and  Saint  Luke  at  Chelsea,  in  the  county  of  Middlesex  ;  and  for  indemnifying, 
under  certain  conditions,  builders  and  other  persons  against  the  penalties  to  which 
they  are  or  may  be  liable  for  erecting  buildings  within  the  limits  aforesaid  contrary  to 
law. 

Whereas  an  act  of  Parliament  made  and  passed  in  the  twelflh  year  of  his  present  Mi^esty^s 
reign,  intituled  **  An  Act  for  the  better  regulation  of  buildings  and  party- 
walls  within  the  cities  of  London  and  Westminster  and  the  liberties  thereof, 
and  other  the  parishes,  precincts,  and  places  in  the  weekly  bills  of  mortality,  the  parishes 
of  Saint  Mary-le-bon  and  Paddington,  Saint  Pancra.s  and  Saint  Luke  at  Chelsea,  in  the 
county  of  Middlesex,  and  for  the  better  preventing  of  mischiefs  by  fire  within  the  said 
cities,  liberties,  parishes,  precincts,  and  places;  and  for  amending  and  reducing  the 
laws  relating  thereto  into  one  Act ;  and  for  other  purposes,"  hath  been  found  insufficient 
to  answer  the  good  purposes  intended  thereby  :  And  whereas  it  may  tend  to  the  safety  of 
the  inhabitants,  and  prevent  great  inconveniences  to  builders  and  workmen  employed  in 
buildings  within  the  said  citi^  liberties,  parbhes,  precincts,  and  places,  if  the  regulations 
contained  in  the  said  act  were  repealed,  and  other  regulations  and  provisions  respecting 
such  buildings  were  establbhed  by  law :  May  it  please  your  Majesty  that  it  may  be 
enacted ;  and  be  it  enacted  by  the  king's  most  excellent  Majesty,  by  and  with  the  advice 
and  consent  of  the  lords  spiritual  and  temporal,  and  commons,  in  this  present  parliament 
assembled,  and  by  the  authority  of  the  same,  that  the  several  churches,  chapels,  oaMiomdiwUaA 
meeting-houses,  or  other  places  of  public  worship,  dwelling-houses,  and  all  inioMvwtMctw 
other  buildings  whatsoever,  at  any  time  heretofore  begun  or  built,  or  which  '^'"""^ 
shall  at  any  time  or  times  herettfter  be  begun  or  built,  within  the  said  cities,  liberties, 
parishes,  precincts,  and  places,  on  new  or  old  foundations,  or  on  foundations  partly  new  and 
partly  old,  shall  be  distinguished  by  and  divided  into  the  seven  several  rates  or  classes  of 
building  herein*after  described ;  and  such  seven  several  rates  or  classes  of  building  shall  be 
under  the  rules  and  directions  herein-afier  contained  concerning  the  same. 

II.   And  be  it  further  enacted,  that  every  church,  chapel,  meeting- houses  and  other  place 
of  public  worship,  and  every  house  or  building  for  distilling  and  brewing  of    p|^  „|,  ^ 
liquors  for  sale,  for  making  of  soap,  for  melting  of  tallow,  for  dyeing,  for     immiiir. 
boiling  or  distilling  turpentine,  for  casting  brass  or  iron,  for  refining  of  sugar,  for  making 
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of  glass  for  chemical  works  for  sale,  of  what  dimeDsions  soever  the  same  respectively  are  or 
may  be,  and  also  every  warehouse  and  other  building  whatsoever,  not  being  a  dwelling- 
house,  now  built  or  hereafter  to  be  built,  (except  such  buildings  as  are  herein-after 
particularly  declared  to  be  of  the  fifth,  sixth,  or  seventh  rate  or  class  of  building,)  whidi 
does  or  shall  exceed  three  clear  stories  above  ground,  exclusive  of  the  rooms  (if  any)  in  the 
roof  thereof,  or  which  is  or  shall  be  of  the  height  of  thirty-one  (eet  from  the  surface  of  the 
pavement,  ground,  or  way  above  the  area  before  either  of  the  fronts  thereof,  to  the  top  of 
the  blocking-course,  or  the  coping  on  the  parapet  thereof^  and  every  dwelling-house  now 
built  or  hereafter  to  be  built,  which,  with  the  offices  thereto  belonging  and  adjoining,  or 
connected  otherwise  than  by  a  fence  or  fence- wall,  or  covered  passage  open  on  one  or  both 
sides,  when  finished,  does  or  shall  exceed  the  value  of  eight  hundred  and  fifty  pounds,  and 
also  every  dwelling-house  which  does  or  shall  exceed  nine  squares  of  biulding  on  the 
ground-floor,  each  square  containing  one  hundred  superficial  feet,  shall  be  deemed  the  first 
rate  or  class  of  building. 

III.  And  it  is  hereby  further  enacted,  that  every  firont,  side,  end,  or  other  external  wall 
ThicktMM  of  (pot  being  a  party-wall)  which  shall  after  the  twenty- 
uwAnt nS? **  fourth  day  of  June,  in  the  year  of  our  Lord  one  thou- 
Fig.  1034.  sand  seven  hundred  and  seventy-four,  be  built  to  any 
first-rate  building,  or  to  any  addition  thereto  or  enlargement  thereof, 
shall  be  built  and  remain,  at  the  foundation  thereof,  of  the  thickness 
of  two  bricks  and  an  half  in  length,  or  one  foot  nine  inches  and  an 
half  at  the  least,  and  shall  from  thence  regularly  and  gradually  di- 
minish on  each  side  of  the  wall  two  inches  and  a  quarter  to  the  top 
of  the  footing  of  every  such  wall,  except  where  any  immediate  ad- 
joining building  will  not  admit  of  such  footing  being  made  on  the 
side  of  such  wall  next  such  adjoining  building,  in  which  case  such 
footing  shall  be  nude  as  near  to  the  dimensions  herein  directed  as 
the  case  will  admit ;  which  footing  shall  be  nine  inches  high  at  the 
least,  and  wholly  below  the  upper  surface  of  the  pavement  and 
flooring-boards  of  the  cellar  story  two  inches  at  the  least ;  and  every 
such  wall  shall,  from  the  top  of  such  footing,  be  of  the  thickness  of 
two  bricks  in  length,  or  one  foot  five  inches  and  an  half  at  the  least, 
up  to  the  under  side  of  the  one  pair  of  stairs  floor,  and  from  thenoe 
of  the  thickness  of  one  brick  and  an  half  in  length,  or  thirteen  inches 
at  the  least,  up-  to  the  under  side  of  the  plate  under  the  roof  or 
gutter  of  every  such  building,  and  from  thence  of  the  thickness  of  one 
brick  in  length,  or  eight  inches  and  an  half  at  the  least,  up  to  the 
under  side  of  the  blocking-course  or  coping  on  the  parapet  of  every 
such  first-rate  building,  except  such  parts  of  every  such  wall  as  shall 
be  wholly  of  stone,  which  parts  so  being  of  stone  shall  be  of  the  thick- 
ness of  fourteen  inches  at  the  least  below  the  ground-floor,  and  of 
nine  inches  at  the  least  above  the  ground -floor,  and  except  all  re- 
cesses above  the  ground-floor  in  the  said  walls,  which  sliall  be  arched 
over  in  every  story,  so  nevertheless  as  that  the  arch  and  the  back 
of  such  recess  shall  be  respectively  of  the  thickness  of  one  brick 
in  length,  or  eight  inches  and  an  half  at  the  least. 

IV.  And  it  IS  hereby  further  enacted,  that  every  party- wall  which 
ThickBMiar  shall,  after  the  said  twenty-fourth  day  of  June,  be  built 
SSTmTl'*****  to  any  flrst-rate  building,  or  to  any  addition  thereto 
See  Pig.  1099.  or  enlargement  thereof,  shall  be  built  and  remain,  at  the 
foundation  thereof  of  the  thickness  of  three  bricks  and  an«half  in  ^4- 1<^9' 
length,  or  two  feet  six  inches  and  an  half  at  the  least,  and  shall  from  thence  regularly  and  gra- 
dually diminish  on  each  side  of  the  wall  four  inches  and  an  half  to  the  top  of  the  footing  of 
every  such  wall,  which  footing  shall  be  one  foot  high  at  the  least,  and  wholly  below  the  upper 
sur&ce  of  the  pavement  and  flooring-boards  of  the  cellar  story  two  inches  at  the  least ;  and 
every  such  party-wall  sliall,  firom  the  top  of  such  footing,  be  of  the  thickness  of  two  l>ricks 
and  an  half  in  length,  or  one  foot  nine  inches  and  an  half  at  the  least,  up  to  the  under  side 
of  the  ground-floor,  and  from  thence  of  the  thickness  of  two  bricks  in  length,  or  one  foot 
five  inches  and  an  half  at  the  least,  up  to  the  under  side  of  the  floor  of  the  rooms  (if  any) 
in  the  roof  of  the  highest  building  adjoining  to  such  party-wall,  and  from  thence  of  the 
thickness  of  one  brick  and  an  half  in  length,  or  thirteen  inches  at  the  least,  up  to  the  top  of 
every  such  party  wall. 

V.  And  be  it  further  enacted,  that  every  warehouse,  stable,  and  other   building,  not 
-^^  being  a  dwelling-house,  except  such  buildings  as  are  herein  particularly  de- 

"  '  clared  to  be  of  the  first,  fifth,  sixth,  or  seventh  rate  or  class  of  buil<ting,  now 
built  or  hereafter  to  be  built,  which  does  or  shall  exceed  two  clear  stories,  and  shall  not 
contain  more  than  three  clear  stories  above  ground,  exclusive  of  the  rooms  (if  any)  in  the 
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?oof  thereof;  or  whieh  is  or  shall  be  of  the  height  of  twenty-two  fieet  aod  shall  not  be  of  the 
height  of  thirty-one  feet  from  the  sur&ce  of  the  pavement,  ground,  or  way  above  the  area 
before  either  of  the  fronts  thereof  to  the  top  of  the  blocking-course  or  coping  on  the  parapet 
thereof,  and  every  dwelling-house  now  built  or  hereafter  to  be  built  which,  with  the  offices 
thereto  belonging  and  a4joining,  or  connected  otherwise  than  by  a  fence  or  fence  wall,  or 
covered  passage  open  on  one  or  both  sides,  when  finished,  does  or  shall  exceed  the  value  of 
three  hundred  pounds,  and  shall  not  amount  to  more  than  the  value  of  eight  hundred  and 
fifty  pounds,  and  also  every  dwelling-house  which  does  or  shall  exceed  five  squares  of 
building  on  the  ground  plan,  and  shall  not  amount  to  more  than  nine  squares  of  building 
on  the  ground  plan  thereof,  shall  be  deemed  the  second  rate  or  class  of  building. 

VI.  And  it  is  hereby  further  enacted,  that  every  front,  side,  or  other  extenuil  wall  (not 

being  a  party- widl)  which  shall,  after  the  said  twenty-  TMckmM  or 
fourth  day  of  June,  be  built  to  any  second-rate  build-  SfT^^mS 
ing,  or  to  any  addition  thereto  or  enlaigement  thereof,  '■!•  iosa. 
shall  be  built  and  remain,  at  the  foundation  thereof  of  the  thickness 
of  two  bricks  in  length,  or  one  fix>t  five  inches  and  an  half  at  the 
least,  and  shall  from  thence  regularly  and  gradually  diminish  on  each 
side  of  the  wall  two  inches  and  a  quarter  to  the  top  of  the  footing  of 
every  such  wall,  except  where  any  immediate  a4joining  building  will 
not  admit  of  such  footing  being  made  <»i  the  side  of  such  wall  next 
such  adjoining  building,  in  which  case  such  footing  shall  be  made 
as  near  to  the  dimensions  herein  directed  as  the  case  will  admit, 
which  footing  shall  be  nine  inches  high  at  the  least,  and  wholly 
below  the  upper  surface  of  the  pavement  and  flooring-boards  of  the 
cellar  story  two  inches  at  the  least ;  and  every  such  wall  shall,  from 
the  top  of  such  footing,  be  of  the  thickness  of  one  brick  and  an  half 
in  length,  or  thirteen  inches  at  the  least,  up  to  the  under  side  of  the 
one  pair  of  stairs  floor,  and  from  thence  of  the  thickness  of  one  brick 
in  length,  or  eight  inches  and  an  half  at  the  least,  up  to  the  under 
side  of  the  blocking-course  or  the  coping  on  the  parapet  of  every 
HjC^         {^       such  second-rate  building,  except  such  parts  of  every  such  wall, 

being  above  the  ground-floor,  as  shall  be  wholly  of  stone,  which 
parts  so  being  of  stone  shall  be  of  the  thickness  of  nine  inches  at 
the  least,  and  except  all  recesses  above  the  ground-floor  in  the  said 
walls,  which  shall  be  arched  over,  so  nevertheless  as  that  the  arch 
and  the  back  of  each  such  recess  shall  respectively  be  of  the  thick- 
ness of  one  brick  in  lengHi,  or  eight  inches  and  an  half  at  the  least. 

VII.  And  it  is  hereby  further  enacted,  that  every  party- wall  which 
shall,  after  the  said  twenty-fourth  day  of  June,  be  built  ThickacM  or 
to  any  second-rate  building,  or  to  any  addition  thereto  fSSodM.***^*** 
or  enlargement  thereof,  shall  be  built  and  remain,  at  ^- 1^^- 
the  foundation  thereof  of  the  thickness  of  three  bricks  and  an  half 
—  in  length,  or  two  feet  six  inches  and  an  half  at  the  least,  and  shall 
from  thence  regularly  and  gradually  diminish  on  each  side  of  the 
wall  four  inches  and  an  half  to  the  top  of  the  footing  of  every  such 
wall,  which  footing  shall  be  nine  inches  high  at  the  least,  and  wholly  below  the  upper  sur- 
fiice  of  the  pavement  and  flooring-boards  of  the  cellar  story  two  inches  at  the  least ;  and 
every  such  party- wall  shall,  from  the  top  of  such  footing,  be  of  the  thickness  of  two  bficks 
and  an  half  in  length,  or  one  foot  nine  inches  and  an  half  at  the  least,  up  to  the  under  side 
of  the  ground-floor,  and  from  thence  of  the  thickness  of  two  bricks  in  length,  or  one  foot 
five  inches  and  an  half  at  the  least,  up  to  the  under  side  of  the  floor  of  the  two  pair  of  stairs 
story,  and  from  thence  of  the  thickness  of  one  brick  and  an  half  in  length,  or  thirteen  inches 
at  the  least,  up  to  the  top  of  every  such  party-wall. 

VIII.  And  be  it  further  enacted,  that  every  warehouse,  stable,  and  other  building,  not 
being  a  dwelling-house,  except  such  buildings  as  are  herein  particularly  de- 
clared to  be  of  the  first,  fifth,  sixth,  or  seventh  rate  or  class  of  building,  now 
built  or  hereafter  to  be  built,  which  does  or  shall  exceed  one  clear  story  and  shall  not  con- 
tain more  than  two  clear  stories  above  ground,  exeluuve  of  the  rooms  (if  any)  in  the  roof 
thereof,  or  which  is  or  shall  be  of  the  height  of  more  than  thirteen  feet  and  i^udl  not  be  of 
the  height  of  twenty-two  feet  from  the  surface  of  the  pavement,  ground,  or  way  above  the 
area  before  either  of  the  fronts  thereof  to  the  top  of  the  blocking-course  or  the  coping  on 
the  parapet  thereof,  and  every  dwelling-house  now  built  or  hereafter  to  be  built  which, 
with  the  offices  thereto  belonging  and  adjoining,  or  connected  otherwise  than  by  a  fence  or 
fence- wall,  or  covered  passage  open  on  one  or  both  sides,  when  finished,  does  or  shall  ex- 
ceed the  value  of  one  hundred  and  fifty  pounds  and  shall  not  amount  to  more  than  the 
value  of  three  hundred  pounds,  and  also  every  dwelling-house  which  does  or  shall  exceed 
three  squares  and  an  half  of  building  on  the  ground  plan  and  shall  not  amount  to  more 
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than  five  aquares  of  buUding  on  the  ground  plan  thereof,  shall  be  deemed  the  third  rate  or 

of  buUdinff. 

'    And  it  la  hereby  ftirtber  enacted,  that  eyery  front,  aide,  end,  or  other  external  wall 
TiiiekiiMtar       (not  being  a  |>arty*wall)  which  thall,  after  the  laid 
STIhMTr!!!**'    twenty.fourth  day  of  June,  be  built  to  any  third-rate 
rix.1036.  building,  or  to  any   addition  thereto  or  enlargement 

thereof,  shall  be  buUt  and  remain,  at  the  foundation  thereof,  of  the 
thicknen  of  two  bricks  in  length,  or  one  foot  five  inches  and  an  half 
at  the  least,  and  shall  firom  thence  r^^larly  and  gradually  diminidi 
on  each  side  of  the  wall  two  inches  and  a  quarter  to  the  top  of  the 
footing  of  every  such  wall,  eicept  where  any  immediate  adJcMuing 
buUding  will  not  admit  of  such  footing  being  made  on  the  side  of 
such  wall  next  such  ac^ining  building,  in  which  case  sueh  footing 
shall  be  made  as  near  to  the  dimensions  herein  directed  as  the  case 
will  admit,  which  footing  shall  be  six  inches  high  at  the  least,  and 
wholly  below  tlie  upper  suHaoe  of  the  pavement  and  flooring-boards 
of  the  cellar  story  two  inches  at  the  least ;  and  every  such  wall  shall, 
from  the  top  of  such  footing,  be  of  the  thickness  of  one  brick  and  an 
half  in  length,  or  thirteen  inches  at  the  least,  up  to  the  under  side  of 
the  ground-floor,  and  from  thence  of  the  thickness  of  one  brick  in 
length,  or  eight  inches  and  an  half  at  the  least,  up  to  the  under  side 
of  the  blocking-course  or  coping  on  the  parapet  of  every  such  thirds 
rate  building. 

X.  And  it  is  hereby  further  enacted,  that  every  party-wall  which 
ThiekaMar  shall,  after  the  said  twenty-fourth  day  of  June,  be  built 
iuit^y.uucoth«  iQ  ^j  third-rate  building,  or  to  any  addition  thereto 
Fi«.  lot  I.  0f  enlargement  thereof,  shall  be  built  and  remain,  at 
the  foundation  thereof,  of  the  thickness  of  three  bricks  in  length,  or 
two  feet  two  inches  at  the  least,  and  shall  ftom  thence  regularly  and 
gradually  diminish  on  each  side  of  the  wall  four  inches  and  an  half  to 
the  top  of  the  footing  of  every  such  wall,  which  footing  shall  be  nine 
inches  high  at  the  least,  and  wholly  below  the  upper  surfiMe  of  the 
pavement  and  flooring-boards  of  the  cellar  story  two  inches  at  the 
least ;  and  every  such  party-wall  shall,  from  the  top  of  such  footing, 
be  of  the  thickness  of  two  bricks  in  length,  or  one  foot  five  inches 
and  an  half  at  the  least,  up  to  the  under  side  of  the  ground  floor,  and 
from  thence  of  the  thickness  of  one  brick  and  an  half  in  length,  or  thirteen  inches  at  the 
least,  up  to  the  top  of  every  such  party  wall. 

XI.  And  be  it  ftirther  enacted,  that  every  warehouse,  stable,  and  other  building,  not 
being  a  dwelling-house,  except  such  buildings  as  are  herein  particularly  de- 
clared to  be  of  the  first,  fifth,  sixth,  or  seventh  rate  or  class  of  building,  now 

built  or  hereafter  to  be  built,  which  does  not  or  shall  not  exceed  one  dear  story  above 
ground,  exclusive  of  the  rooms  (if  any)  in  the  roof  thereof  or  which 
is  not  or  shall  not  be  of  the  height  of  more  than  thirteen  feet  fitmi 
the  surfiuse  of  the  pavement,  ground,  or  way  above  the  area  b^re 
either  of  the  fronts  thereof  to  the  top  of  the  blocking-course  or  coping 
on  the  parapet  thereof,  and  every  dwelling-house  now  built  or  here- 
after ^o  be  built,  which,  with  the  offices  thereto  belonging  and  adjoin- 
ing, or  connected  otherwise  than  by  a  fence  or  fence-wall,  or  covered 
passage  open  on  one  or  both  sides,  when  finished,  does  not  or  shall 
not  exceed  the  value  of  one  hundred  and  fifty  pounds,  and  also  every 
dwelling-house  which  does  not  or  shidl  not  exceed  three  squares  and 
an  half  of  building  on  the  ground  plan  thereof,  shall  be  deemed  to 
be  of  the  fourth  rate  or  class  of  building. 

XII.  And  it  is  herby  further  enacted,  that  every  front,  side,  end, 
ThickfMa  of  or  Other  external  wall  which  shall,  after  the  said  twenty- 
TSfelSltb  mJ!*  fourth  day  of  June,  be  built  to  any  fourth-rate  building. 
Pis.  UMS.  or  to  any  addition  thereto  or  enlargement  thereof  shall 
be  built  and  remain,  at  the  foundation  thereof  of  the  thickness  of  two 
bricks  in  length,  or  one  foot  five  inches  and  an  half  at  the  least,  and 
shall  from  thence  r^ularly  and  gradually  diminish  on  each  side  of  the 
wall  two  inches  and  a  quarter  to  the  top  of  the  footing  of  every 
such  wall,  except  where  any  immediate  adjoining  building  will  not 
admit  of  such  footing  being  made  on  the  side  of  such  wall  next 
such  adjoining  buiMing,  in  which  case  such  fiwting  shall  be  made  as 
near  to  the  dimenstons  herein  directed  as  the  case  will  admit,  which 
fitting  shall  be  six  inches  high  at  the  least,  and  wholly  below  the 
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ti|»per  surfiiee  of  the  pavement  and  flooring-boarda  of  the  cellar  story  two  inehea  at  the 
least ;  and  every  such  wall  shall,  from  the  top  of  such  footing,  be  of  the  thickness  of  one 
brick  and  an  half  in  length,  or  thirteen  inches  at  the  least,  up  to  the  under  side  of  the  ground- 
floor,  and  from  thence  of  the  thickness  of  one  brick  in  length,  or  eight  inches  and  an  half 
at  the  least,  up  to  the  under  side  of  the  blocking-course  or  coping  on  the  parapet  of  every 
such  fourth-rate  building. 

XIII.  And  it  is  hereby  further  enacted,  that  every  party- wall  which  shal],  after  the  said 
twenty-fourth  day  of  June»  be  built  to  any  fourth-rate  building,  or  to  any  TMekiMnar 
addition  thereto  or  enlargement  thereof,  shall  be  built  and  remain,  at  the  ££3,'*^.*"**^ 
foundation  thereof^  of  the  thickness  of  two  bricks  in  length,  or  one  foot  fire  i^-  ^os?. ' 
inches  and  an  half  at  the  least,  and  shall  from  thence  regularly  and  gradually  diminish  on 
each  side  of  the  wall  two  inches  and  a  quarter  to  the  top  of  the  footing  of  every  such  wall, 
which  footing  shall  be  nine  inches  high  at  the  least,  and  wholly  below  the  upper  surface  of 
the  pavement  and  flooring-boards  of  the  cellar  story  two  inches  at  the  least ;  and  every 
such  party-wall  shall,  from  the  top  of  such  footing,  be  of  the  thickness  of  one  brick  and 
an  half  in  length,  or  thirteen  inches  at  the  least,  up  to  the  under  side  of  the  ground-floor, 
and  from  thence  of  the  thickness  of  one  brick  in  length,  or  eight  inches  and  an  half  at  the 
least,  up  to  the  top  of  every  such  party-walL 

XIV.  And  it  is  hereby  enactcxl  by  the  authority  aforesaid,  that  from  and  after  the 
said  twenty-fourth  day  of  June  every  house  or  building  thereafter  to  be  built,  p^^^,,  ^ 
and  being  of  the  first,  second,  third,  or  fourth  rate  or  class  of  building  herein*  hSS^  hoJw 
before  directed,  and  not  having  each  of  them  a  separate  and  distinct  side-wall  S£vu!udta^, 
on  the  part  or  parts  where  they  are  or  shall  be  contiguous,  shall  have  party-  !J|fSwfa«c Mch 
walls  between  hoium  and  house  or  other  buildings,  or  between  so  much  of  twindfwidmt 
such  house  and  house  or  othw  buildings  as  shall  not  respectively  have  such 

separate  and  distinct  walls  as  aforesaid;  and  such  party-walls  shall  extend  to  the  outer 
surfrces  of  the  external  incloeures  of  each  of  the  a4|oining  houses  or  buildings ;  and  alt 
party-walls,  and  also  all  chimneys  and  chimney-shafts  hereafter  to  be  built,  shall  be  built 
wholly  of  good  sound  bricks  or  stone,  or  of  good  sound  brick  and  stone  together,  except 
such  timbo*,  wood,  lead,  or  iron  work  as  shall  or  may  be  laid  therein  according  to  the 
directions  herein-after  contained,  and  also  except  sucfi  piling,  bridging,  or  planking  as  may 
be  necessary  for  the  foundation  thereof;  and  every  such  party- wall  shall  be  topped  or 
coped  with  stone,  tile,  or  brick,  and  shall  be  of  the  dimensions  herein-before  directed ;  and 
one  half  of  every  such  party-wall  between  house  and  house,  or  between  other  buildings, 
shall  be  built  on  the  ground  or  scite  of  one  of  the  adjoining  houses  or  buildings,  and  the 
other  half  thereof  shall  be  built  on  the  ground  or  scite  of  the  other  of  the  a4joining  houses 
or  buildings ;  and  it  shall  be  lawfril  for  the  first  builder  of  any  such  party- wall,  and  for  the 
workmoi  employed  in  building  the  same,  to  enter  upon  the  ground  a4joining  thereto  in 
order  to  the  building  such  party-wall  in  numner  aforesaid.    . 

XV.  Provided  nevertheless,  and  it  is  hereby  enacted,  that  every  party- wall  which  shal], 
after  the  said  twenty-fourth  day  of  June,  be  built  to  any  dwelling-house  aii  puty-««ua 
exceeding  four  stories  in  height  from  the  foundation  thereof,  exclusive  of  the  u2b*to*hf  SS^ 
rooms  (if  any)  in  the  roof  of  either  of  the  buildings  adjoining  thereto,  shall  Mrfii^iimti**. 
be  built  in  every  particular  according  to  the  directions  herein-before  contained  with  respect 
to  the  party-walls  of  the  first  rate  or  class  of  building,  notwithstanding  such  house  shall 
not  be  of  the  first  rate  or  claas  of  building ;  and  every  party- wall  which  shall,  FteMalu  to 
after  the  time  aforesaid,  be  built  to  any  dwelling-house  containing  four  stories  K^M^^bSu 

in  height  from  the  foundation  thereof  excluuve  of  the  rooms  (if  any)  in  the  J^'SUfJ?**** 
roof  of  either  of  the  buildings  adjoining  thereto,  shall  be  built  in  every  par-  aftiwuijninic 
ticular  according  to  the  directions  herein-before  contained  with  respect  to  party- walls  of 
the  third  rate  or  class  of  building,  notwithstanding  such  house  shall  be  of  the  fourth  rate 
or  class  of  building  only. 

XVI.  And  it  is  hereby  further  enacted,  that  every  internal  inclosure  to  be  made  after 
the  said  twenty-fourth  day  of  June  for  separating  any  building  of  the  first,  Mauriaii  ofdivi- 
second,  third,  or  fourth  rate  or  class  of  building  from  any  other  building,  SS^SriiSThTX 
where  such  buildings  shall  be  in  separate  occupations,  and  every  addition  or  SSd'Siufth 
enlargement  to  such  internal  inclosure,  shall  be  of  brick  or  stone,  or  artificial  »*••' 

stone  or  stucco,  or  of  brick  and  stone  or  artificial  stone  or  stucco  together,  except  such 
timber,  wood,  lead,  or  iron  work  as  may  be  laid  therein  according  to  the  directions  herein- 
after contained  for  external  indosures  to  such  first,  second,  third,  or  fourth  rate  or  class  of 
building,  and  also  except  such  piling,  bridging,  or  planking  m  may  be  necessary  for  the 
foundation  of  the  same. 

XVII.  And  it  is  hereby  enacted  by  the  authority  aforesaid,  that  in  valuing  the  several 
buildings  herein  before  declared  to  be  of  the  first,  second,  third,  or  fourth  rate  Method  armaem- 
6r  class  of  building  for  the  purpose  of  ascertaining  the  rate  thereof,  such  (•^instbamt. 
valuation  to  be  made  by  the  surveyor  or  surveyon  to  be  appointed  pursuant  to  this  act  for 
the  district  in  which  the  building  is  or  may  be  situated  by  as  true  a  measure  and  estimation 
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as  the  nature  of  tbe  case  will  admit ;  and  every  aueh  buiiding  aliall,  notwitfastanding  aay 
decBj  therein,  be  catimated  and  valued  as  if  the  materials  whereof  the  same  eonsiats  were 
sound  and  the  work  thereof  new  ;  and  every  such  building  shall  be  estimated  and  valued 
at  tbe  several  prioca  the  like  materials  and  workmanship  shall  be  worth  at  the  time  such 
valuation  shall  be  made ;  but  neither  the  soil  whereon  any  such  building  stands,  nor  any 
fence  or  fence-wall,  (except  the  railing  to  areas,  and  steps  before  or  behind  such  building, 
made  for  the  purpose  of  inclosing  the  said  building,  with  the  offices,  yard*  or  appurtennaees 
thereto  belonging,  from  any  neighbouring  ground,)  nor  any  brick  or  stone  arebed  vault  or 
vaults  under  the  surfiice  of  the  ground,  either  before  or  behind  such  building,  nor  any  lead, 
covering,  or  pavements  over  such  vaults,  nor  such  parts  of  the  party-wall  or  party,  walls 
to  such  building  as  stand  upon  ground  not  belonging  to  such  house,  shall  be  included  in 
flqumtaktiiat  *°X  '^^  valuation ;  and  in  aseertainmg  the  squares  of  building  contained  in 
iiMi«T«i«rtiM  every  such  building,  being  a  dwelling-house,  the  same  shall  be  taken  by  the 
Mtnnot.  surveyor  or  surveyors  as  aforesaid  on  tbe  level  of  the  floor  at  the  principal 

entrance  to  such  dwelling-house,  and  no  more  than  such  parts  of  the  party- walls  as  bdong 
to  such  dwelling-house  shall  be  included  in  such  admeasurement ;  and  in  case  the  owner 
or  any  other  person  interested  in  such  building  shall  apprehend  him  or  herself  to  be 
injured  by  the  admeasurement  or  valuation  made  by  such  surveyor  or  surveyors  as  afore- 
said, it  shall  be  lawful  for  such  owner  or  other  person  to  apply  to  the  mayor  €«  any  two 
Justices  of  the  peace  for  the  city  of  London,  if  such  building  or  any  part  thereof  is 
situated  within  the  said  city,  or  otherwise  to  any  two  justices  within  whose  jurisdiction  the 
same  is  situated,  and  the  aaid  mayor  or  justices  shall  inquire  into  the  matter,  and  shall,  by 
his  or  their  order,  declare  such  building  to  be  of  such  rate  or  class  as  the  ssme  shall  to  him 
or  them  appear  to  be  o(  according  to  the  description  of  the  several  rates  or  rlawspii  herein* 
before  contained ;  and  it  shall  be  lawful  for  any  of  the  parties  between  whom  such  order 
shall  be  made  to  appeal  to  the  justices  of  the  peace  at  their  general  quarter  sessions  <^  the 
peace,  whose  order  and  determination  shall  be  binding  and  conclusive  to  all  parties. 

XVIII.  And  be  it  further  enacted,  that  every  dwelling-house,  warehouse,  stable,  and 
PMiiirateor  other  building,  (except  such  buildings,  not  being  dwelling-houaes,  as  are 
boikUng.  herein-before  particularly  declared  to  be  of  the  first  or  seventh  rate  or  claas 

of  building,)  which  is  or  shall  be  at  the  distance  of  four  feet  and  not  eight  feet  from  any 
public  road,  street,  or  causeway,  and  is  or  shall  be  detached  from  any  other  building 
not  in  the  same  possesaion  therewith  sixteen  feet  at  the  least  and  not  thirty  feet,  or  con- 
nected with  any  other  building  only  by  a  fence  or  fence-wall,  shall  be  deemed  to  be  of  the 
fifth  rate  or  class  of  building,  and  shall  and  may  be  built  of  any  dimensions  whatever. 

XIX.  And  be  it  further  enacted,  that  every  dwelling-house,  warehouse,  stable,  and 
Muh  rate  of  other  building,  (except  such  buildings,  not  being  dwelling-houses,  as  are 
iwudinff.  herein-before  particularly  declared  to  be  of  the  first  rate  or  class  of  building,) 

which  is  or  shall  be  at  the  distiince  of  eight  feet  from  any  public  road,  street,  or  causeway, 
and  is  or  shall  be  detached  from  any  other  building  not  in  the  same  possession  therewith 
at  least  thirty  feet,  or  connected  with  any  other  building  only  by  a  fence  or  fence-wall, 
shall  be  deemed  to  be  of  the  sixth  rate  or  class  of  building,  and  shall  and  may  be  built  of 
any  dimensions  and  with  any  materials  whatever. 

XX.  And  be  it  further  enacted,  that  every  cranehouse  now  built  or  hereaftor  to  be 
s«v«nti)  rate  built  on  any  wharf  or  quay,  and  every  shamble,  windmill,  or  watermill,  and 
ortmiiding.       also  cvery  building  which  is  or  shall  be  situated  without  the  cities  of  I.<ondon 

and  Westminster,  and  the  liberties  thereof,  used  for  workshops  or  drying  places  for  tannen, 
fellmongers,  glue-makers,  size-makers,  calico-printers,  whitsters,  whiting-makers,  curriers, 
leather-dressers,  buckram-stiflhers,  oil-cloth  painters,  wool-staplers,  throwsters,  parchmeoU 
makers,  and  paper-makers,  so  long  and  at  such  times  as  they  are  or  shall  be  used  for  some 
or  one  of  those  purposes,  and  no  longer,  shall  be  deemed  the  seventh  rate  or  claas  of 
building,  and  may  be  built  of  any  dimensions  whatever. 

XXI.  And  it  is  hereby  further  enacted,  that  evory  such  cranehouse  which  shall  be 
MaterWioT  erected  and  built  after  the  said  twenty  •fourth  day  of  June,  and  every  addition 
CwfMiwwite*.     Qf  enlargement  to  any  cranehouse  already  built  or  hereafter  to  be  built,  and 

every  new  side,  new  end,  or  other  new  external  inclosure  which  shall,  after  the  said  twenty- 
fourth  day  of  June,  be  made  to  any  such  cranehouse,  or  to  any  addition  or  enlargement 
thereof,  shall  be  of  stone,  brick,  slate,  tile,  oak,  elm,  steel,  iron,  or  brass ;  but  every  other 
building  of  the  seventh  rate  or  class  of  building  may  be  erected  of  any  materials  whatever ; 
Newv«nthrai«  and  no  cranehouse  or  other  building  of  the  seventh  rate  or  class  of  building, 
tSU^Xih  or  any  external  part  thereof  shall,  after  the  said  twenty-fourth  day  of  June,  be 
pitrh,  tar.  &e.  covered  with  pitch,  tar,  or  any  other  inflammable  composition  or  material 
whatever,  nor  shall,  after  the  said  twenty-fourth  day  of  June,  be  converted  to  any  other  use 
than  as  aforesaid. 

XXII.  And  in  order  to  prevent  doubts  which  may  arise  concerning  the  rate  or  class  of 
otuefeMd  oo^  building  of  any  office  or  offices  now  built  or  hereafter  to  be  built,  belonging 
liSL« rate mSt      to  any  buUding  herein-before  dechved  to  be  of  the  first,  second,  third,  or  fourth 
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rate  or  class  of  building,  it  is  hereby  further  enacted  and  declared,  that  every  |jS|J^SSOTbuiid- 
such  office  which  shall  be  entirely  free  and  detached  from  such  building  to  bv* 
which  the  same  belongs,  or  shall  be  connected  therewith  only  by  a  fence  or  fence-wall,  or 
covered  passage  open  on  one  or  both  sides,  shall  be  deemed  to  be  of  the  rate  or  class  of 
building  such  office  would  be  of  if  the  same  did  not  appertain  to  any  dwelling-house  or 
other  building. 

XX I II.  And  whereas  some  houses  or  other  buildings  erected  or  begun  to  be  erected 
before  the  said  twenty-fourth  day  of  June  nuiy  have  one  or  more  good  sound  ^^  ^     ^^ 
party-wall  or  party-walls,  although  not  built  agreeable  to  the  several  rules  •oond  iMurty-w«u» 
hcrein-before  directed  to  be  observed  concerning  party- walls  to  be  built  after  "^ 

tlie  said  twenty-fourth  day  of  June,  and  in  such  case  it  may  happen  that  one  of  the  ad- 
joining houses  may  have  been  or  may  hereafter  be  rebuilt,  without  making  use  of  such 
party- wall  or  party -walk ;  it  is  therefore  hereby  enacted,  that  every  such  wall  may  remain 
as  a  party- wall  until  both  the  houses  or  buildings  to  which  the  same  belongs,  or  the  re- 
noaining  house  or  building  where  one  has  been  already  rebuilt,  shall  be  rebuilt,  (if  such 
wall  shall  so  long  continue  sound,)  and  no  longer ;  and  that  in  case  either  of  when  one  ad- 
the  houses  or  buildings  to  which  any  such  party-wall  does  belong  has  been  or  £i^{!£^{  *^*'* 
shall  hereafter  be  rebuilt  with  a  wall  against  such  party- wall  (without making  ^^^*^l^^^ 
use  of  such  party- wall)  of  the  heights  and  thicknesses  herein-before   pre-  ha**  but  hair  ib* 
scribed  for  side- walls,  the  proprietor  of  such  remaining  house  or  building  shall  blirihe'Jitoo 
not,  when  such  remaining  house  or  building  or  when  such  old  party-wall  %» poffl'**" 
shall  be  taken  down,  be  entitled  to  more  than  one  half  of  the  materials  of  such  (^*"* 
old  party-wall,  nor  to  more  than  one  half  of  the  ground  on  which  such  old  party-wall  was 
erected ;  nor  shall  such  proprietor  build  ou  more  than  one  half  of  the  said  ground,  unless 
he  shall  have  agreed  with  and  satisfied  the  owner  or  owners  of  such  adjoining  rebuilt 
house  for  the  other  half  thereof;  and  in  case  the  parties  cannot  agree  concerning  the  same, 
and  both  or  either  of  them  shall  be  desirous  of  buyinjg  or  selling,  the  price  and  the  matters 
in  diflference  shall  be  settled  by  a  jury  to  be  summoned,  returned,  and  impannelled  as 
herein-after  is  mentioned  concerning  mixed  property  ;  but  if  such  remaining  Purtj-waib  not 
house  or  building  be  of  the  first,  second,  or  third  rate  or  class  of  building,  or  d£&^'?b!r*' 
be  four  stories  high  from  the  foundation  thereof,  ezclunve  of  the  rooms  (if  fbenooTdfthc 
any)  in  the  roof  thereof,  and  if  in  that  case  such  old  party- wall  shall  not  be  of  hoMH  la  nb«iiu 
the  thickness  of  two  bricks  in  length,  or  one  foot  five  inches  and  an  half  at  the  least,  from 
the  foundation  thereof  to  the  under  side  of  the  ground  floor,  and  from  thence  upwards  to 
the  top  there<tf  of  the  thickness  of  <Hie  brick  and  an  half  in  length,  or  thirteen  inches  at  the 
least,  then  such  old  party-wall  shall,  when  either  of  the  houses  or  buildings  to  which  the 
same  belongs  shall  be  rebuilt,  be  considered  as  if  the  same  had  been  condemned  or  adjudged 
ruinous  pursuant  to  the  directions  herein-af^er  contained  for  condemning  or  adjudging 
ruinous  any  unsound  party-wall;  or  if  such  old  party- wall  shall  have  any  Bmbortiinbcn 
timber  or  timbers  of  any  adjoining  building  lying  through  the  same,  and  i2ui$-w]^tobe 
if  when  either  of  the  houses  or  buildings  to  which  the  same  belongs  shall  bSid£irh^°^ 
be  rebuilt  the  owner  or  owners  of  such  adjoining  or  remaining  house  or  1m>u*< 
building  will  not  permit  so  much  of  such  timber  to  be  cut  off  as  shall  leave  full  six  inches 
of  clear  brickwork  beyond  the  end  of  every  such  timber,  then  every  such  wall  shall  be 
oonsidcred  as  if  the  same  had  been  condemned  or  adjudged  ruinous  pursuant  to  this  act, 
and  the  same  shall  be  taken  down  and  rebuilt  in  such  manner  as  is  herein-after  directed 
concerning  party-walls  which  shall  be  so  condemned  or  adjudged  ruinous. 

XXIV.  And  whereas  some  houses  or  other  buildings  erected  or  besun  to  be  erected 
before  the  said  twenty-fourth  day  of  June  one  thousand  seven  hundred  and  tim^m  pmhiona 
seventy -four  may  have  one  or  more  good  and  sound  timber  partition  or  timber  {|^i^^||J[^ 


down 
hooie 


partitions  between  the  same  and  the  adjoining  house  or  building ;  it  is  hereby  or  m  ftont  u 
enacted,  that  every  such  timber  partition  may  renuin  until  one  of  the  ad- 
joining houses  or  buildings  to  which  the  same  belongs  shall  be  rebuilt,  or  shall  have 
one  of  the  frdnts  which  shall  abut  on  such  timber  partition,  or  two  third  parts  of  one 
of  such  fronts,  taken  down  to  the  bressummer  or  one  pair  of  stairs  floor,  and  rebuilt, 
or  until  such  timber  partition  shall  be  condemned  pursuant  to  the  directions  herein- 
after contained  concerning  ruinous  or  defective  party-walls  and  party-partitions,  and  no 
longer. 

XXV.  And,  as  a  ftirther  security  against  fire,  it  is  hereby  enacted,  that  no  wall  or  walla 
of  any  building  of  the  first,  second,  third,  or  fourth  rate  or  class  of  building,  e,,_^  ,^^ 
already  erected  or  built  or  hereafter  to  Iw  erected  or  built,  or  of  any  addition  di^Wjj««n. 
or  enlargement  made  or  to  be  made  to  any  building  of  such  first,  second, 

third,  or  fourth  rate  or  class  of  building,  which  shall  not  be  a  party-wall  on  the  said  twenty- 
fourth  day  of  June,  shaU  ever  be  or  become  a  party- wall,  unless  the  same  aUall  *»  ^^^ 
remain  of  the  heighU  and  thicknesses  above  the  footings,  and  of  the  materials,  liete\xv-Y>e\oTe 
directed  concerning  party-walls  to  be  erected  after  the  time  aforesaid.  -g     ^x^  „,v 

XXVI.  And,  Ss  a  greater  security  from  fire,  it  U  hereby  further  enacted,   tliat  every 
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p«rtT-w«ibteht  pvty-wall  which  shall  be  built  after  the  said  twenty^fourth  day  of  June,  and 
2£«  "^buitdiT*  ^^^^  addition  or  enlargement  which  shall  be  theieafter  made  to  any  party- 
whicb^Suii  iMMt  wall  tbm  built  or  thereafter  to  be  buUt,  shall  be  carried  up  and  weauda  one 
■gaiiiit  thnn.  ^^^^  ^^  inches  at  the  least  above  the  roof  of  the  highest  buUding  which  shnll 
gable  against  or  a4jou^  to  such  party-wall  in  erery  part  of  sudi  party-wall  where  such 
building  shall  gable  or  adjoin  thereto,  measuring  at  a  right*  angle  with  the  back  of  the 
rafters  of  such  roof;  and  every  such  party- wall  shall  be  carried  up  and  remain  one  loot  at 
the  least  above  the  gutters  of  the  higliMt  of  such  buildings,  except  the  height  of  sucii 
party-wall,  where  so  carried  up,  shall  exceed  the  heif^t  of  the  blocking-course  or  pan^wi 
of  either  of  the  fronts  abutting  on  the  same  of  the  highest  building  adjoining  thereto,  in 
which  case  the  end  only  of  every  such  party-wall  next  such  blocking-course  or  par^set  may 
be  less  than  one  foot  above  the  gutter  for  the  distance  of  two  feet  six  inches  from  the  front 
of  such  blocking-course  or  parapet ;  and  in*caae  any  dormer  or  other  erection  b  or  shall  be 
filed  in  the  flat  or  roof  of  any  building  within  four  feet  of  any  party- wall,  then  every  sueh 
party-wall  shall  be  carried  up  against  every  such  dormer  or  other  erection,  and  shall  ex- 
tend for  the  breadth  of  at  least  two  feet  wider,  and  to  the  full  height  of  every  part  of  every 
9uch  dormer  or  other  erection  as  shall  be  within  four  feet  of  such  party-wall ;  and  no 
whatncwM  f^^^**  *1><^^  ^  made  in  any  party- wall  hereafter  to  be  built  to  any  building 
RUff  b*  In  ptfiy-    of  the  first,  second,  third,  or  fourth  rate  or  class  of  building  (except  for 

*  ***  chimneys,  flues,  girders,  and  beams,  and  other  timbeia,  and  for  the  ends  of 
walb  or  piers,  as  herein-after  is  directed,)  so  as  to  reduce  such  wall  in  any  part  thereof 
under  the  thickness  by  this  act  required  for  the  party-wall  to  the  highest  rate  or  daas  of 
What  openJaa  building  to  which  such  party- wall  belongs ;  and  there  shall  not  be  any  opening 
■Mwtetapimy-    whatever,  after  the  said  twenty- fourth  day  of  June,  made  in  any  party-wall, 

*  except  finr  communication  from  one  stack  of  warehouses  to  another,  and  from 
one  stable  building  to  another,  all  which  communications  shall  have  thereto  ircm  doors  in 
such  noanner  as  is  herein-afier  directed,  and  also  except  such  passages  or  ways  <hi  the 
ground  for  foot  passengers,  cattle,  or  carriages  as  may  be  necessary,  all  which  passages  or 
ways  shall  be  arched  over  with  brick  or  stone,  cht  brick  and  stone  together,  throughout,  of 
the  thickness  of  thirteen  inches  at  the  least  in  every  building  of  the  first  and  second  rate  or 
class  of  building,  and  of  the  thickness  of  eight  inches  and  an  half  at  the  least  in  every 
building  of  the  third  or  fourth  rate  or  class  of  building ;  and  if  there  be  any  cellar  mr 
vacuity  under  any  such  passage,  every  such  cellar  or  vacuity  shall  be  arched  over  through- 
out with  brick  or  stone,  or  brick  and  sttxie  together,  in  the  same  manner  as  the  passage  w 
way  over  such  cellar  or  vacuity  is  hereby  directed  to  be  arched. 

XXVII.  And  it  is  hereby  further  enacted,  that  no  timbers  shall,  at  any  time  after  the 
How  mdt  of  said  twenty-fourth  day  of  June,  be  laid  into  any  party-arch,  except  for  bond 
uidUito party.  ^  ^®  Same,  uor  into  any  party-wall,  other  than  such  templets,  chains,  and 
«•»«•  bond-timbers  as  shall  be  necessary  for  the  same,  and  other  than  the  ends  of 

girders,  beams,  purlings,  and  of  binding  or  trimming  joists,  or  of  other  principal  timbers, 
all  which  timbers  shall  have  at  least  eight  inches  and  an  half  of  solid  brickwork  between 
the  ends  and  sides  of  every  such  piece  of  timber  and  the  timber  of  any  building  adjoining 
thereto ;  and  the  end  of  every  girder,  beam,  purling,  binding  or  trimming  joist,  and  of 
every  other  piece  of  principal  timber,  may  be  laid  beyond  the  centre  of  any  party-wall 
hereafter  to  be  built,  so  nevertheless  as  that  there  be  left  eight  inches  and  an  half  at  the 
least  of  solid  brick  or  stone  work  at  the  end  of  every  such  piece  of  timber,  except  in  places 
where  any  part  of  the  ends  of  any  such  timber  shall  lie  opposite  to  and  level  with  any 
part  of  the  ends  of  any  timber  of  any  adjoining  building  or  buildings,  in  which  case  no 
part  of  such  timbers  shall  approach  nearer  than  four  inches  to  the  centre  of  the  said  wall. 
Paity-an-hM and  XXVIII.  And  it  is  hereby  further  enacted,  that  no  person  shall  cut  or 
partywaib  not  maim  any  party-arch,  nor  the  shaft  of  any  diimney  now  built  or  hereafter  to 
*°  *  *"  be  built  on  any  party-wall,  for  any  purpose  whatsoever ;  and  that  no  person 

shall  cut  or  maim  any  party-wall  now  built  or  hereafter  to  be  buUt,  other  than  fbr  the 
For  what  uw  purposcs  and  in  the  manner  herein-after  mentioned ;  that  is  to  xay,  when  the 
uartj-waiu  nu?  front  or  back  wall  of  any  house  or  building,  being  in  a  line  with  the  front 
or  back  wall  of  the  house  or  building  a4joining  thereto,  shall  at  any  time 
hereafter  be  built,  it  shall  be  lawful  to  cut  a  break  not  more  than  nine  inches  deep  frcnn 
the  external  &ce  of  such  front  or  back  wall,  and  to  the  centre  of  such  party-wall,  fw  the 
purpose  of  inserting  therein  the  end  of  such  new  front  or  back  wall ;  and  in  every  such 
case  where  a  bressummer  and  story-post  sludl  be  fixed  in  the  ground  story  of  such  new  front 
or  back  wall,  such  break  may  be  cut  from  the  foundation  of  such  new  front  or  back  wall 
to  the  top  of  such  bressummer  fourteen  inches  deep  from  the  external  fiice  of  such  front  or 
back  wall,  and  the  same  may  be  four  inches  wide  in  tlie  cellar  story,  and  two  indies  wide 
in  the  ground  story,  for  the  purpose  of  placing  therein  such  story-posts  and  bressununers 
agreeable  to  the  directions  of  this  act ;  and  it  shall  be  lawful  to  cut  into  any  party-wall 
for  the  purpose  of  tailing  in  stone  steps  or  stone  landings,  or  for  pUunng  in  such  party- wall 
timber  for  bearers  to  wood  stairs,  so  as  no  timber  bearer  be  laid  into  any  party  wall  nearer 
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tban  eight  inches  and  an  half  to  any  ehimney  or  flue  whatever,  or  to  any  timber  of  the  ad- 
joining house  or  building,  or  nearer  than  four  inches  to  the  internal  finishing  of  such  ad- 
joining house  or  building,  and  for  the  purpose  of  laying  therein  stone  corbels  for  the  sup- 
port of  chinmey.jarobs,  girders,  beams,  purlings,  binding  or  trimming  joists,  or  of  other 
principal  timbers ;  and  it  shall  aUo  be  Uwfiil  to  cut  perpendicular  recesses  into  any  party- 
wall  not  being  less  than  thirteen  inches  thick,  for  the  purpose  of  inserting  walls  and  piers 
therein,  so  nevertheless  as  that  no  such  recess  be  more  than  fifteen  inches  wide,  or  more 
than  four  inches  deep,  and  that  no  such  recess  be  nearer  than  ten  feet  to  any  other  recess ; 
and  thnt  it  shall  be  lawful  to  cut  off  the  footing  on  the  side  of  4ny  party- wall  where  either  of 
the  adjoining  buildings  shall  be  rebuilt  with  a  wall  against  such  party- wall ;  but  every  person 
who  dudl  out  into  any  party-wall  for  any  of  the  purposes  aforesaid  shall  immediately  make 
good,  and  well  and  effectually  pin  up  with  brick,  stone,  slate,  tile,  shell,  or  iron,  bedded 
in  mortar,  every  defiwt  which  shall  be  occasioned  by  the  cutting  of  any  such  party-wall ; 
and  no  party-wall  shall  be  cut  for  any  of  the  purposes  afi:>resaid  if  the  cutting  thereof  will 
injure,  displace,  or  endanger  the  timbers,  chimneys,  flucs^  or  internal  finishings  of  the  ad- 
joining buildings. 

XXIX.  And  it  is  hereby  further  enacted,  that  the  back  of  every  chimney  in  every  party- 
wall  which  shall,  after  the  said  twenty-fourth  day  of  June,  be  built,  shall  TUcioMuor 
be  at   least  thirteen  inches  thick  in  the  cellar  story,  and  eight  inches  and  an  bMbflTchimMy* 
half  thick  in  every  other  story,  from  the  hearth  of  every  such  chimney  to  the  *"  i"^***^' 
height  of  twelve  inches  above  the  mantel  in  every  such  chimney  ;  and  that  no  chimney 
which  shall,  after  the  said  twenty-fi>urth  day  of  June,  be  built  in  any  party-  bow  cMmncy* 
wall  where  either  of  the  buildings  adjoining  thereto  is  of  the  first  rate  or  Sl^toteSi'ia 
class  of  buildings,  shall  be  built  with  the  back  thereof  against  the  back  of  p»tj**^ifc 
any  other  chimney,  unless  the  back  of  each  chinmey  in  the  cellar  story  be  at  least  eight 
inches  and  an  half,  and  the  back  of  each  chimney  in  any  of  the  upper  stories  be  at  least  four 
inches  and  a  quarter,  from  the  centre  of  such  party-wall ;  and  that  no  chimney  which 
shall,  after  the  said  twenty-fourth  day  of  June,  be  built  in  any  party-wall  where  either  of 
the  buildings  adjoining  thereto  is  of  the  second,  third,  or  fourth  rate  or  class  of  building, 
shall  be  built  with  the  back  thereof  against  the  back  of  any  other  chimney,  unless  the 
back  of  each  chimney  in  the  cellar  story  be  at  least  six  inches  and  an  half,  and  the  hack  of 
each  chimney  in  any  of  the  upper  stories  be  at  least  four  inches  and  a  quarter,  from 
the  centre  of  such  wall ;  and  that  no  flue  shall  be  built  opposite  to  another  ^^  ^^^  ^^  ^ 
flue  in  any  party- wall,  unless  the  back  of  each  flue  be  at  least  two  inches  teutbMktoback 
fi<om  the  centre  of  such  party-wall ;  the  breast  of  every  flue  which  shall,  after     '*^''* 

the  said  twenty-fi>urth  day  of  June,  be  built,  whether  such  flue  be  in  a  party*  ^ffj^Kfn ; 
wall  or  not,  shall  be  of  brick  or  stone  at  least  eight  inches  and  an  half  thick  aadwiun. 
in  every  cellar  story,  and  at  least  four  inches  thick  in  every  other  story ;  all  the  withs 
or  partitions  between  any  flues  which  shall,  after  the  said  twenty-fourth  day  of  June,  be 
built,  shall  be  of  brick  or  stone,  and  every  such  with  or  partition  of  brick  shall  be  at  least 
half  a  brick  thick;  and  every  breast  and  back  of  every  chimney,  and  every  chimiMytt»be 
breast,  back,  and  with,  or  partition  of  any  flue,  hereafter  to  be  built,  shall  be  vt^*^ 
rendered  or  pai^etted  within  and  without,  except  the  outside  thereof  which  shall  be  next 
to  vacant  ground,  in  which  case  the  back  of  every  chimney  and  flue  next  such  vacant 
ground  sImII  be  by  lime,  or  in  some  durable  manner,  nuurked  and  distinguished,  except 
in  a  fore-firont,  baick-fix>nt,  or  side-firont  of  any  building  not  likely  hereafter  to  be  built 
against ;  and  every  beck  of  every  such  chimney  and  flue  so  being  against  such  vacant  ground 
shall  be  rendered  or  pargetted  as  soon  as  any  building  shall  be  erected  to  such  walL 

XXX.  Provided  always,  and  be  it  enacted  by  the  authority  aforesaid,  that  if  any  person 
or  persons,  being  possessed  of  or  entitled  unto  any  part  of  the  ground  whereon  chiinmiNj«mi», 
a  party- wall  is  intended  to  be  built,  shall  be  desirous  of  having  chimney-jambs,  JtoS^in  pkny-'' 
breasts,  and  flues  of  chimneys  made  in  any  such  party- wall  on  his,  her,  or  ^^ ZjVw£'<a 
their  part  thereof,  or  shall  be  desirous  of  having  a  recess  or  recesses  left  in  the  a4jaiiiinciiriiiiiid. 
said  party-wall,  of  the  several  breadths  and  depths  in  and  by  this  act  allowed  to  be  left  or 
cut  into  any  party-wall,  fisr  the  purpose  of  inserting  therein  external  or  internal  walls  or 
piers,  or  for  any  other  purpose  allowed  by  this  act,  and  of  such  desire  shall  give  notice  in 
writing  under  his,  her,  or  their  hands,  particularly  describing  every  such  chinmey-jamb, 
breast,  and  flue,  and  every  such  recess,  to  the  builder  or  builders  of  such  party-wall,  or  any 
one  of  them,  at  any  time  before  such  party-wall  shall  be  begun  to  be  built,  then  such 
builder  or  builders  of  such  party-wall  shall,  after  such  notice  so  given,  erect  in  a  proper, 
substantial,  and  workmanlike  manner  such  and  so  many  chimney-jambs,  breasts,  and  flues 
of  chimneys  in  all  such  parts  of  every  such  party- wall  as  shall  be  by  the  person  or  persons 
giving  such  notice  required,  and  shall  also  leave  such  recesses  in  every  such  party-wall,  not 
being  in  any  respect  contrary  to  the  rules,  regulations,  and  restrictions  in  and  by  this  act 
prescribed ;  and  firom  and  after  the  erecting  such  jambs,  breasts,  and  flues  of  chimneys  so 
required  the  person  or  persons  giving  such  notice,  his,  her,  or  their  erecutors  and  adroinis- 
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traton,  shall  be  deemed  to  have  made  use  of  such  party-wall,  and  shall  from  thenceforth  be 
liable  to  pay  the  whole  expense  of  erecting  and  setting  up  all  such  jambs,  breasts,  and  iiaes 
of  chimneys  erected  in  pursuance  of  such  notice,  and  also  such  proportional  part  of  the 
expense  of  erecting  such  wall  as  is  herein-after  directed  concerning  party- walls  to  be  built 
after  the  said  twenty-fourth  day  of  June,  to  be  recovered,  in  case  ol  nonpayment,  with  full 
costs  of  suit,  in  like  manner  as  any  proportion  of  any  party-wall  is  by  this  act  made 
recoverable  by  the  builder  thereof  from  any  other  person  liable  to  contribute  thereto. 

XXXI.  And  whereas  several  houses  and  other  buildings  within  the  limits  aforesaid  are 
nqniuitiaii  of  built  in  some  part  thereof  over  a  public  way,  and  in  several  houses  or  other 
[|^^3^*U*^'^  buildings  within  the  limits  aforesaid  several  of  the  rooms  or  floors  of  such 
mixMi  pni|«r^.  houses  or  buildings  are  the  property  of  different  owners,  and  lie  intermixed, 
without  being  separated  by  any  party-wall,  and  without  being  arched  over  and  under  each 
other  with  brick  or  stone,  or  brick  and  stone,  throughout ;  be  it  therefore  enacted,  that 
when  any  house  or  other  building,  except  as  herein-after  is  excepted,  so  built,  in  any  part 
thereof,  over  a  public  way,  or  any  house  or  building,  except  as  herein-after  is  excepted, 
having  any  rooms  the  property  of  different  persons  and  intermixed  as  aforesaid,  shall  be 
rebuilt,  there  shall  be  a  party- wall  according  to  the  directions  herein-before  contained  for 
the  highest  rate  or  class  of  building  adjoining  thereto,  with  a  party-arch  or  party-arches  of 
the  thickness  of  one  brick  and  an  half  in  length,  or  thirteen*  inches  at  the  least,  in  every 
building  of  the  flrst  and  second  rate  or  class  of  building,  and  of  the  thickness  of  one  brick 
in  length,  or  eight  inches  and  an  half  at  the  least,  in  every  building  of  the  third  and  fourth 
rate  or  class  of  building,  between  house  and  house  or  other  building,  or  between  the 
different  rooms  or  floors  so  being  the  property  of  diflferent  persons  as  aforesaid. 

XXXII.  Provided  nevertheless,  that  the  last -mentioned  clause  or  provision  relating  to 
^^          houses  and  buildings  in  part  over  public  ways,  or  having  the  rooms  or  floors 

eumd  toinmor'  the  property  of  different  persons,  i^U  not  extend  to  all  or  any^  of  the  rooms 
'^'^^  ^'  or  chambers  in  Serjeants'  Inn  in  Chancery  Lane,  or  in  any  of  the  four  inns  of 

court,  or  to  any  of  the  inns  of  chancery,  or  any  other  inns  set  apart  for  the  study  or  practice 
of  the  law,  save  and  except  that  the  walls  or  divisions  between  the  several  rooms  and  idiam- 
bers  in  such  inns,  belonging  to  and  communicating  with  each  separate  and  distinct  stair- 
case, shall  be  deemed  and  token  to  be  party- walls  within  this  act,  and  shall  t>e  subject  to 
all  and  every  the  regulations  and  clauses  herein  contained  relating  to  other  party-walls 
within  the  limits  aforesaid. 

XXXIII.  And  whereas  it  may  sometimes  happen  that  no  party- wall  or  party-arch  can 
owMnm^riM  be  built  upon  proper  foundations  between  such  houses  and  other  buildings 
hi?£!!S!i^  PM^  over  public  ways,  or  having  rooms  or  floors  the  property  of  different  persons, 
vBite,  ftc.  lying  intermixed  as  aforesaid,  without  pulling  down  such  houses  or  buildings, 
and  laying  parts  of  each  to  the  others  of  such  houses  or  biuldings,  and  it  may  happen  that 
the  parties  interested  therein,  or  some  or  one  of  them,  will  not,  or  cannot  by  reason  of  some 
legal  disability  or  otherwise,  join  in  building  such  party-wall  or  party-arches  as  aforesaid, 
or  in  pulling  down  such  houses,  and  laying  parts  of  each  to  the  other  or  others  of  such 
houses,  in  all  which  cases  differences  may  arise  among  the  said  several  owners,  and  the  re- 
building the  same,  and  the  said  party-walla  or  party-arches  thereof  may  be  thereby  pre- 
vented or  delayed,  to  the  great  ii^ury  or  inconvenience  of  such  of  the  owners  as  are 
desirous  of  rebuilding ;  for  remedy  thereof,  and  in  order  to  prevent  the  fatal  effects  of  fire, 
be  it  enacted  by  the  authority  aforesaid,  that  in  all  and  every  or  any  of  such  cases,  when 
any  owner  or  owners  of  any  such  house  or  other  building  within  the  limits  aforesaid,  built 
over  any  public  way  or  intermixed  as  aforesaid,  shall  be  desirous  of  rebuilding  such  house 
or  other  building,  and  the  owner  or  owners  of  the  adjoining  house  or  building,  or  of  the 
other  parts  of  such  intermixed  house  or  building,  shall  not  be  willing,  or  shall  not  by 
reason  of  some  legal  disability  or  otherwise  be  able,  to  join  in  such  rebuilding,  then  the 
party  or  parties  so  desirous  of  rebuilding  shall  give  notice  in  writing  to  the  owner  or  owners 
of  such  adjoining  house  or  houses  or  other  buildings,  or  of  the  other  parts  of  such  inter- 
mixed house  or  building,  that  he,  she,  or  they  so  intending  to  rebuild  will  apply  to  the 
court  of  mayor  and  aldermen  of  the  city  of  London  when  such  house  or  other  building, 
or  any  part  tiiereof.  Is  situated  within  the  said  city  or  the  liberties  thereof,  or  to  the  justices 
of  the  peace  for  the  county  of  Middlesex,  or  for  the  county  of  Surrey,  or  for  the  city  and 
liberty  of  Westminster,  or  for  the  liberty  of  the  Tower  of  London  respectively,  within 
whose  jurisdiction  such  house  or  other  building,  or  any  part  thereof^  is  situated,  in  their 
respective  general  or  quarter  sesedons  of  the  peace  to  be  next  holden  afler  fourteen  days 
from  the  delivery  of  such  notice,  in  order  to  obtain  the  judgment  and  determination  of  the 
said  court  of  mayor  and  aldermen,  or  of  the  said  court  of  sessions,  (as  the  case  may  be,) 
touching  the  rebuilding  such  house  or  houses  or  other  buildings,  or  such  party-walls  or 
party-arches,  to  be  described  in  such  notice,  and  for  ascertaining  the  scite  of  a  party-wall  or 
party-walls,  or  the  situation  of  any  party«arches,  to  be  built  according  to  the  directions  and 
restrictions  in  this  act  contained,  by  delivering  a  true  copy  of  such  notice  to  the  owner  or 
owners  of  such  adjoining  house  or  houses  or  other  buildings,  or  of  the  other  parts  of  such 
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intermixed  house  or  building;  or  in  ease  such  owner  or  owners  shall  be  under  wbrrcovncn 
the  disability  of  coverture,  in&ncy,  idiotcy,  or  lunacy,  then  to  the  husband  or  g||j£?f"  h^^ 
husbands  of  such  owner  or  owners  under  coverture,  or  to  the  guardians,  ananinhabiud, 
trustees,  or  committees  of  such  owners  being  under  the  disability  6(  infancy,  S^tobelMUed 
idiotcy,  or  lunacy  respectively,  or  by  leaving  the  same  at  his,  her,  or  their  last  b!ISS3f?fS»ty- 
or  usual  place  of  abode,  or  by  delivering  a  true  copy  of  such  notice  to  the  **'^- 
tenant  in  possession  of  such  adjoining  house  or  houses  or  other  buildings,  or  of  the  other 
parts  of  such  intermixed  bouse  or  building,  or  in  case  such  house  or  building  shall  be 
uninhabited,  then  by  fixing  such  copy,  wrote  fair  and  in  a  legible  hand,  to  or  upon  the  door 
or  some  other  notorious  part  of  such  adjoining  or  intermixed  house  or  other  building 
which  shall  be  uninhabited ;  and  in  every  such  case  it  shall  and  may  be  lawful  to  and  for 
the  said  court  of  mayor  and  aldermen,  and  to  and  for  the  said  court  of  sessions  re- 
spectively, (as  the  case  may  be,)  and  they  are  hereby  respectively  authorised  and  required, 
upon  application  to  them  by  the  party  or  parties  so  desirous  to  rebuild,  and  upon  such 
proof  of  such  notice  as  they  shall  deem  reasonable,  to  issue  their  warrant  or  warrants,  pre- 
cept or  precepts,  to  the  sherifis  of  London,  or  to  the  sheriflT  of  the  said  county  of  Middle- 
sex, or  sheriff*  of  the  said  county  of  Surrey,  or  sheriff  or  bailiff  of  the  liberty  of  His  Ma- 
jesty's Tower  of  London,  (as  the  case  may  be,)  requiring  them  or  him  respectively  to  im- 
pannel  and  return  a  competent  number  of  substantial  and  disinterested  persons  qualified  to 
serve  on  juries  within  the  respective  distances  to  which  they  are  summoned,  not  less  th^n 
twenty-four  nor  more  than  thirty-six ;  and  out  of  such  persons  so  to  be  impannelled,  sum- 
moned, and  returned,  a  jury  of  twelve  persons  shall  be  drawn  by  some  person  by  the  said 
court  of  mayor  and  aldermen  or  court  of  sessions  respectively  appointed  in  such  manner  as 
juries  are  directed  to  be  drawn  for  the  trial  of  issues  joined  in  His  Msgesty's  courts  of 
record  at  Westminster  by  an  act  made  in  the  third  year  of  the  reign  of  His 
late  Majesty  King  George  the  Second,  intituled  "An  Act  for  the  better     ^^•"•<'-^* 
regulation  of  juries;"  which  persons    so  to  be  impannelled,  summoned,  and  returned 
arc  hereby  required  to  come  and  appear  before  the  said  court  of  mayor  and  aldermen,  or 
before  the  said  court  of  sessions  for  the  said  county  of  Middlesex,  or  county  of  Surrey,  or 
city  and  liberty  of  Westminster,  or  the  liberty  of  His  Mi^esty*s  Tower  of  London  (as  the 
case  may  be),  at  such  time  and  place  as  in  such  warrant  or  warrants,  precept  or  precepts, 
shall  be  appointed,  and  there  to  attend  from  day  to  day  until  discharged  by  the  court ;  and 
all  parties  concerned  shall  and  may  have  their  lawful  challenges  against  any  of  the  said 
jury,  but  shall  not  be  at  liberty  to  challenge  the  array  ;  and  the  said  court  of  mayor  and 
aldermen,  and  any  of  the  said  courts  of  sessions  for  the  said  county  of  Middlesex  or  Surrey, 
or  city  and  liberty  of  Westminster,  or  liberty  of  the  Tower  of  London,  is  and  are  hereby 
authorised  and  empowered  by  precept  or  precepts,  from  time  to  time  as  occasion  may  re- 
quire, to   call  before  them  respectively  all  and  every  person  and  persons  who  shall  be 
thought  proper  or  necessary  to  be  examined  as  a  witness  or  witnesses  before  them,  on  oath, 
concerning  the  premises  ;  and  either  of  the  said  courts,  if  they  think  fit,  shall  and  may  like- 
wise authorise  Uie  said  jury  to  view  the  place  or  places  in  question,  in  such  manner  as  they 
shall  direct,  add  shall  have  power  to  command  such  jury,  and  all  such  witnesses  and  parties 
as  shall  be  necessary  or  proper,  to  attend  until  all  such  affairs  for  which  they  are  summoned 
shall  be  concluded  ;  and  the  said  jury,  upon  their  oaths,  (which  oaths,  as  also  jaTytodetenniM 
the  oaths  to  persons  called  upon  to  give  evidence,  the  said  courts  are  hereby  'iJ^^;SSe^uSi 
respectively  empowered  and  required  to  administer,)  shall  inquire  and  try  and  bcpaidbr  th* 
determine  by  their  verdict  whether  the  premises  in  any  of  the  cases  aforesaid  ^7|ltoiDg  pi^ 
ought  to  be  rebuilt  or  not,  and  if  the  same  ought  to  be  rebuilt  shall  award  and  "*^* 
determine  the  scite  of  a  party- wall  or  party- walls,  and  also  what  party-arches  may  be  ne- 
cessary over  or  under  any  rooms  of  such  house  or  houses  or  other  buildings  so  intended  to 
be-  rebuilt,  or  shall  ascertain  the  quantity  of  the  soil  or  ground  or  other  parts  of  the  pre- 
mises (if  any)  necessary  to  be  laid  to  or  taken  fit>m  the  house  of  the  person  or  persons 
desirous  to  rebuild,  permitting  such  person  or  persons  to  erect  a  party-wall  or  party-walls, 
party-arch  or  party-arches,  and  shall  ascertain  and  award  what  (if  any)  compensation  should 
be  noade  and  paid  by  either  or  any  of  the  said  parties  in  difference  to  the  other  or  others  of 
them  in  lieu  of  the  lessening  either  of  the  said  houses  or  other  buildings  by  such  party- wall 
or  party- walls,  party-arch  or  party-arches,  or  as  a  satisfiiction  for  such  other  ii\jury  (^  any) 
as  shall  be  done  or  occasioned  thereby  to  any  or  either  of  the  said  parties,  and  shall  also 
ascertain  and  award  what  proportion  of  the  expense  of  building  such  party- wall  or  party- 
walls,  party-arch  or  party-arches,  shall,  when  the  same  are  so  built,  be  repaid  by  either  or 
any  of  the  parties  in  difference  to  the  person  or  persons  so  rebuilding  as  aforesaid  ;  and  the 
said  court  of  noayor  and  aldermen  and  the  said  court  of  ses^ons  respectively  ^^^^^^  ^ 
shall  give  judgment  according  to  such  verdict,  as  well  for  determining  the  tadRmtm  aeeOTd. 
scite  of  such  intended  party- wall  or  party-walls,  party-arch  or  party-arches,  as  ^  *"  ' 

also  for  such  sum  or  sums  of  money  (if  any)  so  assessed  by  the  said  jury,  and  likewise  for 
such  proportion  of  the  expense  of  building  such  party -wall  or  party*  walls,  party- arch  or 
party-arches,  so  found  or  awarded  by  the  said  jury,  to  be  repaid  to  ^e  person  or  {lersons 
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who  dball  rebuild  or  shall  have  rebuilt  the  mne,  and  ahsll  and  may  (if  they  aee  fit)  award 
to  ttther  of  the  parties  such  costs  as  they  shall  deem  reasonaUe ;  which  verdict  or  verdicts, 
ndMfiMBtto  "'^  ^^  Judgment,  order*  or  determination  thereupon,  shall  be  binding  and 
iwbCS&c.  conclusive  against  all  and  every  person  and  perons^  bodies  politic  and  corpo- 
rate, claiming  any  estate,  right,  titles  trust,  use,  or  interest  in,  to,  or  out  of  the  said  pre- 
mises or  any  part  thereof  either  in  possession,  reversion,  remmnder,  or  expectancy,  as  also 
against  the  king's  most  excellent  M^)csty,  Us  heirs  and  successors,  and  againet  in&nta  and 
issue  unborn,  persons  in  reversion  or  remainder,  lunatioa,  idiots^  and  ftmes  covert,  and 
persons  under  any  other  legal  incapacity  or  disability,  and  against  all  trustees  and  cestuique 
v««^*c  tob*  trusts,  his,  her,  and  their  saooessors,  heirs,  executors,  and  administrators,  and 
?!rt«dUk^  against  all  other  persons  whomsoever;  and  all  and  every  the  said  verdicts, 
eftbcpMe*.  Judgments,  orders,  and  determinations,  and  all  other  proceedings  of  the  said 
court  of  mayor  and  aldermen,  and  court  of  sessions,  so  to  be  made,  given,  and  pronounced 
as  aforesaid,  shall  be,  by  the  town  clerk  of  the  city  of  Londm,  or  by  tiie  clerk  of  the  peace 


for  the  said  county  of  Middlesex  or  Surrey  or  the  city  and  liberty  of  Westminster,  or  the 
proper  officer  of  the  liberty  of  the  said  Towor  of  London,  (as  the  case  may  be,)  entered  and 
filed  as  of  record  of  the  said  court  where  such  proceedings  shall  have  been  had,  (for  the 
entry  and  filing  whereof,  and  for  every  order  of  court  and  copy  thereof,  the  said  town  clerk 
or  clerk  of  the  peace,  or  other  proper  officer,  shall  be  paid  tA&c  the  rate  ai  twelve-pence  fiw 
every  one  hundred  words,  and  no  more ;)  and  each  of  them  the  said  town  clei^  and  clerk 
of  the  peace,  or  other  proper  officer  respectively,  is  hereby  empowered  and  required  to  make 
and  deliver  to  any  person  requiring  the  same  an  exemplification  under  his  hand  and  seal  of 
any  such  verdict.  Judgment,  order,  and  determination,  beiiig  paid  for  the  same  after  the  rale 
of  twelve-pence  for  every  one  hundred  words,  and  every  such  exempli&cation  shall  and  may 
within  cmitMB  ^  taken  and  read  as  evidence  in  all  courts  of  Uw  and  equity  whatever ;  and 
muttrnfi^  after  the  expintion  of  fourteoi  days  firom  and  after  the  <^taining  such  judg- 
mamt'oc  Mmtar  ment,  and  payment  at  tender,  in  manner  herein-after  directed,  of  the  sum  or 
•wwiSpS  sums  of  nK>ney  (if  any)  thereby  assessed  or  awarded,  or,  where  no  sum  of 
Mrmte^bMw'    money  shall  be  so  assessed  or  awarded,  after  the  expiration  of  fourteen  days 


miSSoa^r'^  fit>m  and  after  the  obtaining  such  Judgment,  the  person  or  persons  who  shall 
MitOT  th^%te.  have  applied  finr  and  obtained  such  Judgment,  his,  her,  or  their  heir%  execu- 
thS  piwiSu  oTa  tors,  or  administrators,  servants  or  workmen,  diall  and  may  pull  down  his,  her, 
fmcmvocmi  ^j^  their  own  house  or  other  building,  and  rebuild  the  same  in  the  manner  so 
ascertained  by  such  judgment,  and  to  that  end  shall  and  may,  in  the  presoioe  of  a  constable 
or  headborough,  or  other  officer  of  the  peace,  after  the  end  oi  fourtem  days  after  such 
judgment,  or<ur,  and  determination  shall  have  been  obtained,  enter  upon  the  scite  of  the 
ground  so  ascertained  for  a  party-wall  or  party-walls,  party-arch  or  party-tfKrhes,  and  into 
the  house  or  other  building  (if  any  be)  acyoining  to  the  house,  or  party -wall  or  party- walls, 
party -arch  or  party-arehes,  intended  to  be  rebuilt,  at  any  time  between  the  hours  of  six  in 
the  morning  and  seven  in  the  afternoon,  (Sundays  excepted,) and  if  the  outer  door  of  such 
house  or  other  building  be  shut,  and  the  occupier  or  any  other  person  therein  reftise  to  open 
the  same,  being  thereunto  required,  or  if  such  house  or  other  building  be  empty  and  un- 
Mid  IBM  w.,,.1  occupied,  shall  and  may  break  open  such  outer  door,  and  remove  to  some 
cooda  ■ndflumi-    Other  part  of  the  same  premises,  or  in  case  there  be  no  room  on  the  premises 

sufficient  for  that  purpose,  to  remove  to  any  other  place,  any  goods,  furniture, 
shelves,  or  other  thing  obstructing  the  building  of  such  intended  party-wall  or  party- walls, 
party-areh  or  partv-arches,  or  the  pulling  down  any  wall,  partition,  or  otlier  Uiing  neces- 
sary to  be  pulled  down  and  removed  in  order  to  the  building  such  intended  party- wall  or 
party- walls,  party-areh  or  party-arehes;  and  from  and  after  such  entry  as  aforesaid,  and  at 
all  usual  times  of  winrking,  it  shall  be  lawful  for  the  builder  or  builders  employed  to  erect 
such  intended  party-wall  or  party-walls,  party-arch  or  partv-arches,  and  his  and  their 
servants,  and  all  others  employed  by  him  or  them,  to  enter  mto  and  upon  the  premises, 
and  abide  therein  the  usual  times  of  working,  for  Uie  shoring  up  the  said  house  or  other 
building  so  broke  into  or  entered  upon,  and  for  taking  down  and  removing  any  party -wall 
or  party-walls,  partition,  wainscot,  or  other  thing  necessary  to  be  taken  down  and  removed 
for  the  purpose  aforesaid,  and  to  build  such  intended  party-wall  or  party-walls,  party-arch 
p«»0Miiiadniaii  or  party-archcs ;  and  if  any  such  owner  or  occupier  or  other  person  or  persona 
SuwaiSSSiSit  "  ^i^^  io  *ny  manner  hinder  or  obstruct  any  workman  or  workmen  employed 
^^(*tonrMt     for  any  of  the  purposes  aforesaid,  or  wilfully  damage  or  injure  the  said  works, 

every  such  owner  or  occupier  or  other  person  so  offending  shall  for  every 
such  offence  forfeit  and  pay  the  sum  of  ten  pounds,  to  be  levied,  recovered,  and  applied  as 
the  several  penalties  of  ten  pounds  herein-after  mentioned  are  directed  to  be  levied,  re- 
covered, and  applied. 

XXXIV.  Provided  also,  and  it  is  hereby  further  enacted,  that  within  ten  days  after  such 
nmldTpmV  P'^X'^^^  or  party- walls,  party-arch  or  party-arches,  shall  be  so  built,  the 
aw  aspanM  ac-  pcTsou  or  persons  who  shall  have  rebuilt  the  same,  his,  her,  or  their  executors, 
ng  to  th*       administrators,  or  assigns,  shall  leave  a  true  account  in  writing  of  the  expense 
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of  building  the  ssme  with  the  party  or  perties  so  awarded  by  the  jury  as  aforesaid 
to  contribute  to  the  expense  thereof  or  at  his,  her,  or  their  last  or  usual  place  of  abode ; 
or  in  case  such  party  or  parties  be  under  coverture,  to  her  or  their  respective  bus* 
bands ;  or  if  infimts,  idiots,  or  lunatics,  then  to  their  respective  guardians,  trustees,  or  com- 
mittees ;  or  in  the  case  of  any  body  corporate  being  so  awarded  to  contribute  as  aforesaid, 
then  to  the  mayor  or  other  officer  of  such  corporation,  who  shall  pay  to  the  person  or  per- 
sons who  shall  have  rebuilt  such  party-wall  or  party-walls,  party-arch  or  party-arches  as 
afbresud,  his,  her,  or  their  executors,  administrators,  or  assigns,  the  proportion  of  the  ex- 
pense of  building  the  same  so  awarded  by  the  said  jury  as  aforesaid,  within  twenty-one 
days  after  demand  thereof;  or  in  case  the  same  he  not  so  paid,  it  shall  be  lawful  for  the 
tenant  or  occupier  of  the  house  or  building  so  chargeable  therewith  to  pay  the  same,  and 
to  deduct  the  money  so  paid  out  of  the  next  rent  which  shall  become  due  to  the  owner  or 
owners  of  such  house  or  building ;  or  the  same  may  be  recovered  from  the  party  or  parties 
so  awarded  to  pay  the  same  by  aedon  of  debt,  bill,  plaint,  or  information  in  any  of  His 
Mige8ty*s  courts  of  record  at  Westminster,  with  double  costs  of  suit 

XXXV.  Provided  always,  and  it  is  hereby  further  enacted,  that  all  the  Cowtorm^yw 
powers  and  authorities  by  this  act  vested  in  the  court  of  mayor  and  aldermen  ISI!i^  tehSdia 
of  the  city  of  London  may  be  lawfully  exercised  by  the  court  of  mayor  and  riMmi«i^ 
aldermen  of  the  said  city,  to  be  holden  in  the  outer  chamber  of  the  Guildhall  Onudiutt. 
of  the  said  city,  according  to  tiie  custom  of  the  laid  city. 

XXX VL  Provided  always,  and  be  it  further  enacted  by  the  authority  aforesaid,  that 
upon  every  application  to  the  general  quarter  sessions  of  the  peace  for  the  Swiomte 
siud  county  of  Surrey  for  or  concerning  any  nutter  to  be  by  such  quarter  ses-  SoMra  at  Samh- 
sions  ordered,  directed,  or  done  in  pursuance  of  this  act,  the  jury  (if  any)  to  be  **'^* 
impannelled,  and  all  parties  required  to  attend  the  ouarter  sessions  for  the  said  county  pur- 
suant to  such  application,  shall  be  impannelled  ana  required  to  attend  at  some  general  or 
special  a4iourmnent  of  the  said  quarter  sessions  within  six  weeks  next  after  such  applica- 
tion, whidi  said  adjournment  shall  be  to  some  convenient  place  in  the  borough  of  South- 
wark  in  the  said  county,  to  be  appointed  by  the  justices  in  the  said  sessions;  and  that  from 
time  to  time  every  further  meeting  of  the  said  sessions  for  any  thing  to  be  done  upon 
such  application  shall  be  appoint^  at  or  within  the  space  of  three  weeks  from  the  last 
meeting;  which  adjournment  and  a4journments  the  justices  of  the  peace  for  the  said 
county  of  Surrey  and  every  of  them  are  hereby  empowered  and  required  to  make  and  hold 
from  time  to  time  as  there  shall  be  occasion. 

XXXVII.  And  be  it  further  enacted  by  the  authority  aforesaid,  that  it  shall  and  may 
be  lawfbl  to  and  for  the  said  court  of  mayor  and  aldermen,  and  to  and  for  any  comtmgSiw 
or  either  of  the  aforesaid  courts  of  sessions,  (as  the  case  may  be,)  and  they  Sjlii^^iitr 
are  hereby  empowered  and  required,  tirom  time  to  time  to  impose  any  reason-  gff{°s«j|j^"'«* 
able  fine  or  fines  on  any  of  the  said  sherifi  or  sheriff,  or  their  or  hu  deputy  *^«*m  muuag 
or  deputies,  making  defoult  in  the  premises,  and  on  any  of  the  persons  who  "* 
shall  be  summoned  and  returned  on  such  jury,  and  shidl  not  appear  at  the  time  and  place 
in  sueh  summons  specified,  or  appearing  shall  ref^ise  to  be  sworn  on  such  jury,  or  to  give 
his  or  their  verdict,  or  in  any  manner  wilfhlly  neglecting  his  or  their  duty  therein  con- 
trary to  the  true  intent  and  meaning  of  this  act,  and  on  any  of  the  perscms  having  notice  to 
attend  to  give  evidence  touching  the  premises  who  shall  not  attend,  or  attending  shall  re- 
fuse to  be  sworn,  examined,  and  give  evidence^  and  from  time  to  time,  in  defoult  of  pay- 
ment thereof  on  demand,  to  levy  such  fme  or  fines  in  such  manner  as  oUier  fines  set  by  the 
said  courts  respectively  have  been  usually  levied,  so  that  no  fine  shall  exceed  the  sum  of 
ten  pounds  upon  any  one  person  for  any  one  offence ;  and  such  fine  or  fines,  when  so  re- 
ceived or  levied  and  recovered,  shall  be  applied  to  and  for  the  use  of  the  person  or  persons 
so  applying  to  the  said  court  of  mayor  and  aldermen,  or  to  the  said  courts  of  sessions,  (as 
the  case  may  be,)  and  to  and  for  no  other  use  or  purpose  whatsoever ;  and  if  such  person 
or  persons  having  notice  to  attend  and  give  evidence  as  aforesaid  shall  not  attend  and  give 
evidence  accordingly,  having  had  ten  days*  previous  notice  in  writing  thereof  under  the 
hands  of  the  party  on  whose  behalf  such  evidence  shall  be  wanted,  his  guardian,  trustee, 
committee^  attorney,  or  agent,  and  having  been  tendered  his  reasonable  charges  and  expenses 
for  such  attendance,  he,  shoi  or  they  so  n^lecting  or  refusing  to  give  evidence  shall  be 
liable  to  an  action  on  the  case  to  be  brought  against  him,  her,  or  them  respectively  by  the 
party  or  parties  on  whose  behalf  any  such  notice  to  attend  as  aforesaid  shall  have  been 
given,  in  which  the  plaintiff  or  plaintiffs  shall  recover  their  damages  occasioned  by  sueh 
nonattendance,  with  full  costs  of  suit ;  and  such  and  no  other  justification  or  excuse  shall 
be  allowed  for  nonattendance  as  is  by  law  allowable  for  the  nonattendance  of  witnesses 
l^ally  summoned  to  appear  and  give  evidence  on  trials  of  issues  joined  in  any  of  his 
Majesty's  courts  of  record  at  Westminster ;  provided  the  court  where  such  witness  or 
witnesses  shall  appear  may  (if  they  shall  think  fit)  order  such  further  sum  to  be  paid  to 
such  witness  or  witnesses  respectively  for  their  attendance  on  such  courts  respectively  as 
to  them  shall  seem  reasonable,  in  proportion  to  the  time  such  witness  or  witnesses  shall 
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attend,  and  such  witnew  or  witnetses  shall  not  be  compelled  to  gire  eridcnce  before  sueh 
furtlier  sum  or  sums  (if  any)  as  shall  be  ao  ordered  shall  be  paid  to  them  respectiTelj. 

XXXVIII.  And  whereas  it  may  happen  that  party-walls  or  party-arches  or  party  fenoe- 
OM  iMfty-waito  walls,  built  or  to  be  built  within  the  limits  aforesaid,  may  be  defective,  or  so 
^(•nd^ii^'r*'  &r  out  of  repair  as  to  render  it  necessary  to  pull  down  and  rebuild  the  same, 
m^iMnbiii.t(  Qf  some  part  or  parts  thereof,  as  well  when  both  or  either  of  the  a^joinin^ 
houses  or  other  buildings  may  not  require  to  be  rebuilt  as  when  the  said  houses  or  build- 
ings, or  one  of  them,  may  require  to  be  rebuilt ;  be  it  enacted  by  the  authority  aforesaid, 
that  from  and  after  the  said  twenty-fourth  day  of  June  every  owner  of  any  house  or  build- 
ing within  the  limits  aforesaid  who  shall  think  it  necessary  to  repair,  pull  down,  or  rebuild 
any  party-wall  or  party  fence-wall,  or  any  part  or  parts  thereof,  between  any  such  house  or 
building,  or  the  ground  thereto  adjoining,  and  the  next  adjoining  house  or  building  or  the 
ttw  proiirtatan  ground  thereto  adjoining,  shall  (in  case  the  owner  or  owners  of  such  adjoining 
rarh  i^njTwMiii  house,  building,  or  ground  will  not,  or  by  reason  of  any  legal  disability  or 
si*?M  thm*^  otherwise  cannot,  agree  touching  the  refwiring  or  pulling  down  or  rebuilding 
uMntLc  aotie*.  the  Same,)  give  three  months'  notice  in  writing  to  the  owner,  if  he  is  known 
and  can  be  met  with,  or  if  such  owner  or  owners  be  under  coverture,  to  her  or  their  hus- 
bands respectively,  or  if  under  the  disability  of  infimcy,  idiotcy,  or  lunacy,  to  the  guardian 
or  guardians,  trustee  or  trustees,  committee  or  committees  of  such  infiuit,  idiot,  or  lunatic 
respectively,  or  otherwise  to  the  occupier  of  such  a4joining  house,  building,  or  ground,  of 
such  his  or  her  intention  to  repair  or  pull  down  such  party-wall,  party-arch,  or  party  fence- 
wall,  or  any  part  thereof  by  delivering  a  copy  of  such  notice  to  such  owner  or  occupier  or 
other  person  or  persons  as  aforesud,  or  by  leaving  the  same  at  his,  her,  or  their  last  or  usual 
place  of  abode,  or  if  such  adjoining  house  or  building  be  imoccupied,  by  fixing  a  copy  of 
such  notice  on  the  door  of  such  last-mentioned  house  or  building ;  which  notice  shall  be  in 
the  form  or  to  the  effect  following : 

**  ArrRKHKNoiNo  the  party-wall,  party-arch,  or  party  fence-wall,  or  some  part  thereof  (as 
Tiwfcnn  or  **  the  case  shall  be,)  between  the  house  or  building  or  ground  (as  the  case  dudl 
givins  aotiBs.     u  \y^^  thereto  lu^oining,  situate  ,  inhabited  or  occupied  by  , 

**  and  my  house  or  building  or  ground  (as  the  case  shall  be)  adjbining  thereto,  to  be  so  fiv 
**  out  of  repair  as  to  render  it  necessary  to  repair  or  pull  down  and  rebuild  tbe  same, 
**or  some  part  thereof:  take  notice,  that  I  intend  to  have  the  said  party- wall,  party -arch, 
**  or  party  fence-wall  (as  the  case  shall  be)  surveyed,  pursuant  to  an  Act  of  Parliament 
'*  made  in  the  fourteenth  year  of  the  reign  of  King  George  the  Third ;  and  that  I  have 
**  appointed  ,  of  ,  and  ,  of  ,  my  surveyors  to  meet  at 

"  in  (being  at  some  place  within  the  limits  aforesaid)  on  my  behalf 

**  on  the  day  of  next,  at  of  the  clock  in  the  of  the  same  day  (being 

**  between  the  hours  of  six  in  the  morning  and  six  in  the  afternoon) ;  and  I  do  hereby 
**  require  and  call  upon  you  to  appoint  two  other  surveyors  or  able  workmen  on  your  part 
**  to  meet  them  at  the  time  and  place  aforesaid  to  view  the  said  party-wall,  party-arch,  or 
**  party  fence-wall,  (as  the  case  shall  be,)  and  to  certify  the  state  and  condition  thereof^  and 
<*  whether  the  same  or  any  part  thereof  ought  to  be  repaired  or  pulled  down  and  rebuilt. 
**  Dated  this  day  of  .** 

And  every  such  owner,  if  he  is  known  and  can  be  met  with,  or  in  case  such  owner  be 
8urTV7«m  fo  b*  uudcr  any  disability  as  aforesaid,  then  such  person  or  persons  as  aforesaid  to 
T^'^T^^Riu  ^hom  such  notice  shall  be  so  given,  or  otherwise  the  occupier  to  whom  such 
nd  puty-wchM.  noticc  Shall  be  so  given,  shall  appoint  two  surveyors  or  able  workmen  to  meet 
at  the  time  and  place  in  such  notice  mentioned ;  and  they,  together  with  the  two  surveyors 
or  workmen  named  by  the  party  giving  such  notice,  and  whose  names  shall  be  expressed  in 
such  notice,  may  view  such  party- wall,  party-arch,  or  party  fence- wall,  and  certify  the  state 
and  condition  thereof,  and  whether  the  same  or  any  part  thereof  ought  to  be  repaired  or 
pulled  down  and  rebuilt ;  and  such  surveyors  so  respectively  named  as  aforesaid,  or  in  case 
the  owner  or  occupier  of  such  adjoining  house  or  building,  or  such  other  persons  as  afore- 
said having  notice  as  aforesaid,  shall  refuse  or  n^lect  to  name  such  two  surveyors  or  able 
workmen  according  to  such  notice,  then  the  two  surveyors  or  workmen  named  in  such 
notice,  together  with  two  other  surveyors  or  able  workmen  also  to  be  named  by  the  party 
giving  such  notice  as  aforesaid,  shall  and  may,  within  six  days  af^r  the  time  appointed  in 
such  notice,  view  the  party-wall,  party-arch,  or  party  fence-wall  intended  to  be  repaired  or 
pulled  down,  and  shall  certify  in  writing  under  their  hands  to  the  said  court  of  mayor  and 
aldermen,  or  to  the  said  justices  of  the  peace  in  their  next  general  or  quarter  sessions  of  the 
peace  respectively,  (as  the  case  may  be,)  the  state  and  condition  of  such  party-wall,  party- 
arch,  or  party  fence- wall,  and  whether  the  same  or  any  part  thereof  ought  to  be  repaired  or 
If  th»m^K>riwn  pulled  down  and  rebuilt ;  and  in  case  the  major  part  of  the  surveyors  or  work- 
do'n^.  w«i?'**  ^^^  appointed  in  manner  aforesaid  to  view  such  party-wall,  party-arch,  or 
within  onr  party  fence- Wall  so  intended  to  be  repaired  or  pulled  down  shall  not,  within 

■urroor  to  im  the  space  of  one  month  next  after  such  appointment,  sign  such  certi6cate  in 
J^l^to.*^  ^  writing,  then  and  in  every  such  case  it  shall  and  may  be  lawful  to  and  for  any 


Attemmx.  the  building  ACT.  833 

one  or  more  of  His  Migesty's  justices  of  the  peace  for  the  said  eity  of  London,  or  county 
of  Middlesex  or  Surrey,  or  city  and  liberty  of  Westminster,  or  liberty  of  His  Majesty's 
Tower  of  London,  (as  the  case  shall  be,)  and  such  one  or  more  justice  or  justices  is 
and  are  hereby  authorised  and  required,  upon  application  to  him  or  them  for   that 
purpose  by  the  party  giving  such  notice  as  aforesaid  to  name  and  appoint  one  other  able 
surveyor  or  workman  to  be  added  to  the  surveyors  or  workmen  appointed  aa  aforesaid ; 
and  all  the  said  surveyors  or  workmen  so  appointed,  or  the  mi^or  part  of  them,  shall  meet 
for  that  purpose,  (six  days*  notice  having  been  given  to  or  left  at  the  dwelling-house  of  each 
and  every  of  them  of  such  intended  meeting,)  and  shall  view  the  party- waU,  party-arch,  or 
party  fence- wall  so  j>roposed  to  be  repaired  or  pulled  down ;  and  in  case  the 
miyor  part  of  such  surveyors  or  workmen  appointed  in  manner  aforesaid  shall  tSitiriTaS mr' 
certify  in  writing  under  their  hands  that  the  party- wall,  party-arch,  or  party  ^SSS^ilepyvt 
fence- wall  described  in  such  notice,  or  any  part  therec^,  is  decayed  and  g|»jgg'|gy«> 
ruinous,  or  is  not  sufficiently  secure  against  fire  if  any  should  happen,  and  tb*  owncn,  &o. 
that  the  same  ought  to  be  repaired  or  pulled  down,  then,  within  three  days  *"*'*'**<'*'*- 
next  after  such  certificate  made  by  such  miyor  part  of  the  said  surveyors  or  workmen  as 
aforesud,  a  copy  thereof  shall  ^  delivered  to  the  owner  or  occupier,  owners  or  occupiers 
of  or  left  at  such  acyoining  house  or  building,  or  fixed  on  the  door  thereof  in  ease  the  same 
be  unoccupied ;  and  such  certificate  shall  be  immediately  filed  with  the  clerk  of  the  peace 
in  the  city,  county,  or  liberty  where  such  wall  or  arch  is  situate^  V^J^g  such  clerk  one 
shilling  for  filing  thereoi^  and  no  more ;  and  such  last-mentioned  owner  or  owmn  thinkiaf 
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occupier,  owners  or  occupiers,  shall  and  may  (if  he,  she,  or  they  think  fit)  jJ^toSd 
appeal  from  or  agunst  such  certificate  to  the  next  general  or  quarter  sessions  Smmi'Jiwur 
to  be  holden  for  the  city,  county,  or  place  (as  the  case  may  be) ;  and  the  -"*«*«■  t 
justices  at  the  laid  general  or  quarter  sessions  to  which  such  appeals  shall  be  made  shall 
summon  before  them  one  or  more  of  such  surveyors  or  workmen,  and  such  other  person 
or  persons  as  they  think  fit,  and  shall  examine  the  matter  upon  oath,  which  oath  or  oaths 
they  are  hereby  empowered  to  administer,  and  upon  such  examination  or  examinations 
the  said  justices  are  hereby  authorised  and  required  to  make  such  order  or  orders  in  the 
premises  as  they  in  their  oiscretions  shall  think  to  be  just  and  reasonable ;  which  order  or 
orders  shall  be  entered  and  filed  of  record  by  the  clerk  of  the  peace  for  the  city,  coimty,  or 
place  (as  the  case  may  be)  in  like  mannw  as  the  judgments  of  any  courts  of  sessions  con- 
cerning intermixed  property  are  herein-before  directed  to  be  entered  and  filed  of  record ;  and 
the  determination  of  the  said  justices  shall  be  final  and  cdnclunve  to  all  parties,  wbaMdet«min- 
without  any  appeal  firom  the  same;  and  on  defiiult  of  appealing  to  such  SS^ ****"** 
next  geaenl  or  quarter  sessions  as  aforesud,  or  if  upon  any  appeal  there  be  no  Pe««n  ornrtfct 
order  made  to  the  contrary,  then  and  in  every  such  case,  and  not  otherwise,  it  mSf  «lc.  hi 
shall  be  lawful  for  the  party  intoiding  to  repair  or  pull  down  and  rebuild  ^^^^eappmi, 
such  party- wall,  party-arch,  or  party  fence- wall  as'  aforesaid,    after  the  expiration  of 
fourteen  dUtys  after  ddivering  or  leaving  the  copy  of  such  certificate  as  aforesaid,  or  after 
the  determination  of  such  appeal  as  aforesaid,  to  cause  such  party- wall,  party-arch,  or  party 
fenoe-waU,  or  any  parts  thereof,  to  be  repaired  or  pulled  down,  and  to  have  and  exercise  the 
like  power  of  entry  into  or  upon  the  adjoining  house  or  houses,  building  or  buildings,  or 
of  breaking^  open  the  same,  m  the  presence  of  a  peace  officer,  in  case  the  same  be  unoc- 
cupied or  be  reftised  to  be  opened,  and  of  removing  wainscot,  shelves,  furniture,  and  other 
things,  and  of  shoring  up  the  sud  adjoining  house  or  houses,  building  or  buildings,  as  is 
given  or  allowed  to  the  owners  of  intermixed  houses  or  buildings  in  and  by  this  act,  and 
shall  and  may  erect  and  build  a  new  party-wall  or  party-waUs,  party-arch  or  party-arches, 
or  any  part  or  parts  thereof,  of  such  materials,  and  of  such  thickness  and  hei^t,  and  in 
such  manner  and  subject  to  sueh  restrictions  and  directions,  as  are  in  and  by  tius  act  pre- 
scribed. 

XXXIX.  And  whereas  several  old  houses  and  other  buildings  of  the  first,  second,  and 
third  rate  or  class  of  building  within  the  limits  aforesaid  have,  instead  of  ovMnefiieaia 
party-walls  of  the  respective  thicknesses  herein-before  directed  for  the  same  ££^f[i|^  thM 
between  such  houses  or  other  buildings  and  the  a4joining  houses  or  buildings,  ^^^i|2£? 
party-vralls  not  being  of  greater  thickness  than  one  brick  and  an  half  in  length,  nagce  in  wrMag 
or  thirteen  inches,  firom  the  foundation  to  the  ground  fioor  thereof,  or  than  down  SSpS^- 
one  brick  in  length,  or  eight  inches  and  an  haH  firom  thence  to  the  coping  "**"*' 
thereof:  And  whereas  disputes  may  arise  concerning  the  pulling  down  such  old  party- 
walls,  and  concerning  the  building  party-walls  agreeable  to  the  rules  and  directions  herein 
contained  in  the  place  and  stead  of  sudi  old  party-walls,  whenever  the  owner  op  owners  of 
any  or  either  of  the  houses  or  buildings  adjoining  to  any  such  party- walls  may  be  desirous 
to  rebuild  any  such  houses  or  rebuild  any  such  house  or  building,  of  the  first,  second,  or 
third  rate  or  class  of  building,  or  so  much  thereof  as  may  subject  the  same,  or  the  parti^ 
walls  theretoi  to  the  rules  and  r^ulations  contained  in  this  act;  be  it  enacted  by  the 
authority  aforesud,  that  if  the  owner  or  owners  of  any  house  or  building  of  the  first, 
second,  or  third  rate  or  daas  of  building,  to  which  any  such  old  party-wall  belongs,  shall 
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be  dsnroiu  of  puUing  doim  and  rtbuildiiig  mch  houM  or  biiiliHng,  or  ao  nmch  tfaeraof  ^ 
sfbresud,  and  of  8u«h  bis,  her,  or  their  deiire  shall  gyre  three  months'  notiee  in  writiiig  to 
the  owner  or  owners,  oooupiw  or  occupiers  of  the  next  acijoimng  house  or  building,  at  ham, 
her,  or  th^  intention,  in  three  months  firom  the  date  thereof,  to  pull  down  auch  purtj- 
wall,  and  instead  thereof  to  build  a  party- wall  agreeable  to  this  aet  of  parliament,  then  and 
in  that  ease,  from  and  after  the  expiration  of  the  three  months  expressed  in  such  notiee,  it 
shall  be  lawful  for  the  owner  of  sueh  house  or  building  so  intended  to  be  rebuilt  to  poll 
down  the  said  party-wall,  and  to  have  and  exercise  the  like  power  of  entering  into  and 
upon  the  said  adjoining  house  or  building,  or  of  breaking  open  the  same,  in  the  presenee 
of  a  peace  officer,  in  case  the  same  be  unoooupied  or  be  refused  to  be  opened,  and  of 
removing  any  wainscot,  shelves,  ftimiture,  or  other  things^  and  of  shorii^  up  the  said 
adjoining  house  or  building,  as  by  this  act  is  given  and  allowed  to  the  owners  of  inter- 
mixed hottflcs  or  buildings,  and  shall  and  may,  in  the  place  and  stead  of  every  such  old 
party-wall,  build  a  new  party-wall  of  such  materials,  thickness,  and  height*  and  in  such 
manner  and  subject  to  such  restrictions  and  directions^  as  are  in  and  by  this  act  pre- 
scribed. 

XL.  And  whereas  several  old  houses  or  other  buildings  within  the  limits  aforesaid  fasve, 
OwnmorfMoMi  ^'''^®<^  ^  ^  partywall  between  such  house  or  other  building,  or  between  such 
iwviiM  pvtiuaM  houses  or  other  buildings  and  the  houses  or  other  buildiiMs  and  ground  ad- 
Shmmnu&f ^  joining  thereto,  one  timber  or  wood  partition,  or  two  old  timber  or  wood 
ttSS^S"^  partitions,  with  or  without  brick  nogging,  in  one  or  more  of  the  stories 
dSSto  u  thereoC  one  belonging  to  each  house  or  other  building:  And  whereas  dta- 
down  ttw  MOM,     putes  may  arise  ooncernii^  the  pulling  down  such  partitions,  and  the  wall  or 

*  walk  under  or  over  the  same^  if  any  such  Uiere  be,  and  conoermng  the 

building  party-walls,  agreeable  to  the  rules  and  directions  herein  contained,  in  the  place 
and  stead  of  such  partition  or  fence,  whenever  it  may  be  expedient  to  rebuild  any  sueli 
house  or  building,  or  so  much  thereof  as  may  subject  the  same,  and  the  partitions  abutting 
on  the  same,  to  the  rules  and  regulations  contained  in  this  act;  be  it  enacted  by  the 
authority  aforesaid,  that  if  the  owner  or  owners  of  any  house  on  building  to  which  any 
such  timber  or  wood  partition  or  partitions  or  wooden  fence  belongs  shall  be  desirous  a€ 
pulling  down  and  rebuilding  sueh  house  or  building,  or  so  much  thereof  as  aforesaid,  and 
of  such  his,  her,  or  their  desire  shall  give  three  months*  notice  to  the  owner  or  owners, 
occupier  or  occupiers  of  the  next  adjoining  house  or  building,  of  his,  her,  or  their  inten- 
tion to  pull  down  such  timber  or  wood  partition  or  partitions  afier  the  end  of  three 
months  alter  the  date  of  such  notice^  and  instead  thoreof  to  build  a  party-wall  or  party- 
MidaAanrads  walls  agreeable  to  this  act  of  parliament,  then  and  in  that  case,  from  and  after 
S«  uid  pSr^  the  expiration  of  the  three  months  expressed  in  such  notice,  it  shall  be  lawful 
ftirStiinil'aK^'M  ^  the  owner  of  such  house  or  building  so  to  be  rebuilt  to  puU  down  the  said 
iMferediMciad.  partition  or  partitions,  and  the  wall  or  walls  under  or  over  the  seme,  if  any 
such  there  be,  and  the  said  wooden  fence  or  fences,  and  to  have  and  exercise  the  like  power 
of  entry  into  and  upon  the  said  adjoining  bouse  or  building  and  ground,  or  of  bresking 
open  the  same»  in  the  presence  of  a  peace  ofBeer,  in  case  the  same  be  unoccupied  or  be 
refused  to  be  opened,  and  of  removing  any  wainscot,  shelves,  fomiture,  or  other  things^  and 
of  shoring  up  the  said  ati^oining  house  or  building,  as  by  this  act  b  given  and  allowed  to 
the  owners  of  intermixed  houses  or  buildings,  and  shall  and  may,  in  the  place  and  stead  of 
such  partition  or  partitions,  and  of  the  wall  or  walls  under  or  over  the  same^  if  any  su^ 
there  be,  or  of  such  wooden  fence  <w  finioes,  build  a  new  party -wall  or  party- walls  erf*  such 
materials,  thickness,  and  heigfai»  and  in  such  manner  and  subject  to  such  restrictions  and 
directions,  as  are  in  and  by  tihis  act  prescribed. 

XLI.  And  be  il  further  enacted  by  the  authority  aforesaid,  that  tike  person  or  persons 
at  whose  expense  any  party- wall  or  party-arch  shall  be  built  agreeably  to  the 
MtorataSomd  directions  of  this  act  shall  be  reimbursed  by  the  owner  or  owners  who  shall  be 
^i^S^Hd  iB  entitled  to  the  improved  rent  of  the  acUoining  building  or  ground,  and  who 
iHo^KnhSS^'  "'^  ^  '^^y  ^'^^  make  use  of  such  party- wall  or  party-arch,  a  part  of  the  ex- 
tau  p«itfaiH  or  peosc  of  buUding  the  same,  in  the  proportion  after  mentioned ;  (that  b  to  say,)  if 
"^'^  the  adjoining  building  then  erected  or  afterwards  to  be  erected  be  of  the  same 

rate  or  class  of  building  as  or  superior  to  the  building  belonging  to  the  person  or  persons 
at  whose  expense  the  said  party-wall  was  built,  then  the  owner  or  occupier  of  such  ad- 
joining building  or  ground  shall  pay  one  moiety  of  the  expense  of  building  so  much  of  tiw 
said  party-wall  or  party-arch  as  such  owner  or  occupier  shall  make  use  of;  and  if  the  ad- 
joining building  then  erected  or  afterwards  to  be  erected  be  of  an  inferior  rate  or  dass  of 
building,  then  the  owner  ot  occupier  of  such  ati^oining  building  or  ground  shall  pay  a  snm 
of  money  equal  to  one  moiety  of  the  expense  of  building  a  party-wall  or  party-arch  of  the 
thickness  by  this  act  required  for  the  rate  or  class  of  building  whereof  such  a4joining 
building  shall  be,  and  of  the  height  and  breadth  of  so  much  of  the  said  party-wall  or 
uuMjmjmmt  of  party-arch  as  such  owner  or  occupier  shall  make  use  of;  and  in  the  mean- 
«^«bma«iko-    |[q,^  g|^^  uRta  such  moiety  or  other  proportional  part  of  the  expense  of 
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building  such  party-wa]!  or  party-«rch  be  ao  paid,  the  aole  property  of  sueh  fgg]^y}|J»' 
whole  party-wall  or  party-aroh,  and  of  the  whole  ground  whereon  the  said  hnuome. 
party-wall  shall  stand,  shall  be  vested  entirely  in  Hne  person  or  persons  at  whose  expense 
the  same  shall  t>e  built ;  and  such  moiety  or  other  proportional  part  of  the  expense  of 
building  such  party-wall  or  party-arch  shall  be  so  paid  to  the  person  or  persona  at  whose 
expense  the  same  shall  be  built,  or  in  whom  the  property  thereof  shall  be  vested,  at  the 
times  herein-aiWr  mentioned ;  (that  is  to  say,)  in  respect  of  every  such  party-  .^^i^  ^  vnpar* 
wall  to  any  house  or  building  whereunto^  at  the  time  of  building  the  same,  no  tfon«tj««  *»  *o 
other  house  or  building  was  a4)oining,  so  soon  as  such  party-wall  shall  be      ^^'^ 
first  cut  into  or  made  use  ot,  and  in  respect  of  every  such  party-wall  or  party-arch  as 
shall  be  built  agunst  or  adjoining  to  any  other  house  or  building,  so  soon  as  such  party- 
wall  or  party-arch  shall  be  completely  built  and  finished;  and  m  respect  of  such  last- 
mentioned  party-waU  or  party-arch  the  owner  or  occupier  of  such  adjoining  house  or 
building  shall,  together  with  such  proportional  part  of  the  expense  of  building  such  party- 
wall  or  party-arch,  also  pay  a  like  proportional  part  of  all  other  expenses  which  shall  be 
necessary  to  the  pulling  down  the  old  party-wall  or  timber  or  wood  partition,  and  the 
whole  of  all  the  reasonable  expenses  of  shoring  up  such  adjoininff  house  or  building,  and  of 
removing  any  goods,  furniture,  or  other  things,  and  of  pulling  down  any  wainscot  or  par- 
tition, and  also  all  such  coats,  if  any,  as  may  have  been  awarded  by  the  said  court  of  mayor 
and  aldermen,  or  court  of  sessions  as  aforesaid,  but  not  any  pari  of  the  expense  of  pulling 
down  and  clearing  away  any  such  old  party-wall  or  party-arch  or  old  partition,  if  any  such 
there  was ;  and  it  is  hereby  directed  that  the  expense  of  building  such  party-  iuim  ftr  boiM- 
wall  or  party-arch  shall  be  estimated  after  the  rate  of  seven  pounds  fifteen  b««'iw«7.waiik 
shillings  by  the  rod  for  the  new  brickwork,  deducting  thereout  after  the  rate  of  twenty- 
eight  shillings  by  the  rod  for  the  materials  (if  any)  of  so  much  of  the  old  wall  or  arch  as 
did  belong  to  such  a4)oining  building  or  ground,  and  also  after  the  rate  of  two-pence  by 
the  cubical  fi>ot  for  the  materials  (if  any)  of  so  much  of  the  old  timber  partition  as  did 
belong  to  such  a4joining  building  or  ground ;  and  that  within  ten  days  after  TmkOMftHm 
such  party-waU  or  party-arch  shall  be  so  built,  or  so  soon  after  as  conveniently  gSLS^l** 
may  be,  such  first  builder  or  builders  shall  leave  at  such  adjoining  house  or  ]|g|f^*^J^ 
building  a  true  account  in  writing  of  the  number  of  rods  in  such  party -wall  owMrora^oin* 
or  party-arch  for  which  the  owner  or  owners  of  such  a4joining  building  or  ll&theiiri&bie 
ground  shall  be  liable  to  pay,  and  of  the  deduction  which  such  owner  or  *"i^' 
owners  shall  be  entitled  to  make  thereout  on  account  of  such  materials,  and  also  an  account 
of  such  other  expenses  and  costs  as  aforesaid,  whereupon  it  shall  be  lawful  for  the  tenant 
or  occupier  of  such  adjoining  building  or  groimd  to  pay  one  moiety,  or  such  proportional 
part  as  aforesaid,  to  such  first  builder  or  builders  fi^r  the  same,  and  also  for  shoring  and 
supporting  such  a4ioining  building  as  aforesaid,  and  for  all  such  other  expenses  as  are 
herein-be^re  directed  to  be  paid  by  the  owner  or  owners  of  such  adjoining  building  or 
ground,  and  to  deduct  the  same  out  of  the  rent  which  shall  become  due  firom  him  or  her  to 
such  owner  or  owners  under  whom  he  or  she  holds  the  same  respectively,  until  he  or  she 
shall  be  reimbursed  the  same;  and  in  case  the  same  be  not  paid  within  Haw«pw— 

twenty-one  days  next  after  demand  thereof,  then  the  same  shall  and  may  be  m^i*--- l 

recovered,  together  with  full  costs  of  suit,  of  and  firom  such  owner  or  owners,  by  action  of 
debt  or  on  the  case  in  any  of  His  Majesty's  courts  of  record  at  Westminster,  wherein  no 
essoign,  protection,  or  wager  of  law,  or  more  than  one  imparlance,  shall  be  allowed ;  and  if 
the  plaintiff  or  plaintiffi  in  any  such  action  shall,  three  calendar  months  at  |ftb«p|.,Mifr 
the  least  before  the  commencement  thereof^  give  notice  in  writing  to  the  person  befrm  aeikm 


or  persons  against  whom  such  action  is  intended  to  be  brought,  of  his,  her,  or  SbooUM'  nmkm, 
their  intention  to  bring  the  same,  or  leave  the  same  at  his^  her,  or  their  last  or  tS^todZH^.'h* 
usual  place  of  abode,  and  shall  In  such  notice  specify  the  sum  for  which  it  U  £^^^Sto2||i2tI!^ 
to  be  brought,  and  also  annex  to  such  notice  a  bill  of  the  just  and  true  parti- 
culars of  ^e  expenses  and  charges  with  which  the  intended  defendant  or  defendants  is  or 
are  to  be  charged,  then  such  plamtiff  or  plaintiffs,  if  he,  she,  or  they  recover  the  full  sum 
specified  in  such  notice,  shaU  also  recover  and  be  entitled  to  double  costs  of  suit,  and  shall 
have  and  be  entitled  to  the  like  remedies  for  recovery  thereof  aa  are  usually  given  for  costs 
in  other  cases  of  costs  at  law. 

XLII.  And  be  it  further  enacted  by  the  authority  aforesud,  that  every  party  wall 
hereafter  to  be  built,  and  every  addition  which  shall  be  made  thereto,  or  to  pKi^.waihiiiau 
any  party-^wall  which  is  already  bittlt  or  begun,  shall  be  built  agreeable  to  the  ^"SMitothe 
directions  herein  contained  concerning  the  party- wall  of  the  highest  rate  or  £^^||J^^„. 
class  of  building  to  which  such  party- wall  shall  a4join,  when  such  additions  ly^.^MJ ng^to  %m 
are  completed ;  and  that  no  party-wall  now  built  or  hereafter  to  be  built,  .       * 

shall,  after  the  same  and  the  buildings  adjoining  thereto  U  and  are  completed,  be  raised, 
unless  the  same,  when  ruaed,  be  of  the  full  thickness  such  party-wall  U  of  in  the  story 
next  under  the  roof  of  the  highest  a4joining  building,  nor  ahaU  any  party-waU  taereaK^ctv 
be  raised  unless  the  same  can  be  done  with  safety  to  such  wall  and  the  several  buUd&x^^, 
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a^jmning  thereto ;  but  all  mich  party- walls  as  will  when  raised*  be  of  the  materials, 
au9  to  niMd  bf  heights,  and  thicknesses  herein-before  required,  or  as  can  be  safely  raised, 
iSaTmSiS*  may,  together  with  the  shaft  or  shafts  or  the  chimneys  belonging  thereto, 
eSivdd«*niLto  ^  ratsect  by  and  at  the  expense  of  the  proprietor  or  occupier  of  any  build- 
wnnibatotoUw  "^^  ^  which  the  Same  belong,  to  any  height  he,  she,  or  they  shsJl  think 
npouB.  proper ;  but  if  the  proprietor  or  occupier  of  any  builtting  adjcnning  to  the 

said  party-wall  and  chimney  shafts  shall  make  use  of  any  part  of  such  party- wall  and  chim- 
ney shaft,  other  than  the  use  he  makes  of  the  chimney  flues  therein  iHiidi  shall  be  ao 
raised,  then  such  person  so  making  use  thereof  for  the  part  so  used  shall  be  chargeable 
with  a  proportionable  share  of  the  expense  of  raising  such  party-wall  and  chimney-diafts^ 
and  in  computing  such  charge  the  same  shall  be  ratea  in  manner  herein-before  mentioned  ; 
and  the  proportion  such  person  shall  be  liable  to  pay  shall  be  recovered  in  audi  marnier 
as  is  herein-before  particularly  declared  ooncerning  the  first  building  of  a  party-walL 

XLIII.   Provided  always,  that   any  party  fence- wall    now   built  or  hereafter  to  be 
RMniiiiiom  u  to  buUt  uuty  be  ndsed  by  and  at  the  expense  of  the  proprietor  or  occupier  of  the 


'""*'  ground  on  rither  side  a4joining  thereto ;  but  no  party  fence-wall  shall  h* 
after  be  built  upon  or  against  or  used  as  a  party-wall,  unless  the  same  be  of  the  materisla, 
hei^t,  and  thickness  herein-before  directed  for  party-walls  to  the  rate  or  class  of  building 
so  to  be  erected  against  or  tyxm  the  same ;  and  in  ease  of  the  insufficiency  of  such  wall 
for  the  purposes  foresaid,  or  if  instead  of  such  party  fence-wall  there  be  only  a  wooden 
fence,  the  proprietor  or  occupier  of  either  of  the  adjoining  premises  shall  be  at  liberty,  at 
his  own  expense,  to  take  down  such  wall  or  fenc^  and  erect  a  new  party-wall  in  lieu 
thereoC  making  good  every  damage  that  may  accrue  to  the  adjoining  premises  by  sudi 
rebuilding,  so  nevertheless  as  that  such  new  party-wall  shall  not  extend  on  the  surfiMe  of 
such  a4joming  ground  more  than  seven  inches  beyond  the  centre  line  of  such  party  fence- 
wall  or  fence ;  but  no  proprietor  or  oceupier  of  such  a4joining  premises  shall  make  use  of 
such  party-wall,  otherwise  than  as  a  party  fence- wall,  unless  he^  she,  or  they  pay  a  propor- 
tionable share  of  the  whole  expense  of  erecting  such  parts  of  such  wall,  according  to  the 
use  he,  she,  or  they  shall  make  of  the  same,  at  the  rates  aforesaid. 

XLIV.  Provided  also,  that  in  case  any  sudi  party-wall  shall  extend  ftirther  upon  the 
rint  bMdm  not  grouud  of  the  party  building  the  same  than  the  party  fence- wall  did,  yet  the 
S!^^Jc«mt  P^'^y  rebuilding  the  same  shall  not  thereby  lose  any  part  of  the  soil  whereon 
flTpw^-valii.  guoh  party- wall  shall  be  built,  nor  shall  the  owner  or  owners  of  the  other  part 
of  such  party-wall  claim  or  be  entitled  to  any  right  of  soil  more  than  what  he  was  before 
entitled  to. 

XLV.  And  be  it  enacted  by  the  authority  aforesaid,  that  if  the  fore-feont  and  baek-firant 
xruw  fim  and  of  any  building  now  built  shall,  after  the  said  twenty-fourth  day  of  June,  be 
STkondEnni*"'  rebuilt  as  low  as  the  bressummer  or  one  pair  of  stairs  floor,  within  the  space 
tt!Sbau  SedMM^  ^  ^^^  years  from  each  other,  the  party-walls  of  every  such  buUding  shall 
•  Mbniidiag.  from  thenceforth  be  in  all  respects  subject  to  the  several  regulations  herein- 
before contained  concerning  the  partr-walls  of  houses  to  be  built  after  the  said  twmty- 
Thtcknaw  of  fourth  day  of  June  ;  and  for  the  further  prevention  of  fire,  the  back  of  every 
tockiflrchimnm  chimney  to  be  built,  after  the  said  twenty-fourth  day  of  June,  in  any  building 
w*  p»t7-  ^f  ^Y^  11,.^  ^^^  ^P  ^1^1^  ^  building,  not  being  in  a  party- wall,  shall  be  in  the 
cellar  story  at  least  thirteen  inches  thick  from  the  hearth  to  the  height  of  twelve  inches 
above  the  mantel,  and  shall  he  at  least  eight  inches  and  an  half  thick  from  the  hearth  to 
the  height  of  twelve  inches  above  the  mantdi  in  every  other  story,  except  where  any  such 
chimney  shall  be  built  a^inst  a  wall,  in  which  case  the  back  of  every  such  chimney  from 
the  hearth  to  the  height  of  twelve  inches  above  the  mantel  may  be  half  a  brick  thinner ; 
and  that  the  back  of  every  chimney  hereafter  to  be  built  in  any  building  of  the  seoondi, 
.tiiird,  or  fourth  rate  or  class  of  building,  not  being  in  a  party  widl,  shall  be  in  every  story 
at  least  eight  inches  and  an  half  thick  from  the  hearth  to  the  height  of  twelve  inches  above 
the  mantel,  except  where  any  such  chimney  shall  be  built  against  a  wall,  in  which  case  the 
back  of  every  such  chimney  from  the  hearth  to  the  height  of  twelve  inches  above  the 
BraMtorchim-  mantel  may  be  half  a  brick  thinner ;  and  that  there  shall  be  no  timber  what- 
^S^ifSnti  S  c^c'  <>^^'  ^^  opening  of  any  chimney  to  be  built  after  the  time  aforesaid  fivr 
dmbv.  supporting  the  breast  of  such  chinmey,  but  there  shall  be  an  arch  of  brick  or 

stone,  or  an  iron  bar  or  bars,  over  the  opening  o£  every  such  chimney,  to  support  the  Iveast 
nmtarmidcr  tto  thereof;  and  that  no  timber  shall,  after  the  said  time,  be  laid  in  any  wall 
*'**'^'  under  the  hearth  of  any  chimney  thereafter  to  be  built,  unless  the  same  shall 

be  in  every  part  thereof  which  shall  lie  under  such  hearth  eighteen  inches  at  the  least 
H«nthranttto  ^oiwcv  than  the  surfece  of  such  hearth ;  and  that  the  hearth  of  every  chimney 
tSanTarontte  ^^  ^  ''"'^^  *^^  ^®  ^'™®  aforessid  shall  be  laid  wholly  on  brick  or  stone, 
srannd.  except  the  same  be  in  a  cellar  or  ground  story,  and  be  liud  isnd  bedded  on  the 

^^bdbra  solid  earth ;  and  every  such  chimney  shall  have  a  slab  or  slabs  or  foot  paces 
jjriStti^m  before  the  same  of  tile,  stone,  marble,  or  iron,  at  least  eighteen  inches  broad, 
and  at  least  one  foot  longer  than  the  opening  of  every  such  chimney  when 
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fiiushed,  and  such  slab  or  aUbi  or  foot  paces  shall  be  laid  on  brick  or  stone  trimmers  at 
least  nghteen  inches  broad  from  the  opening  of  such  chinmey,  or  from  the  perpendicular' 
lace  of  the  arch  oyer  the  opening  which  supports  the  breast  of  such  chimney,  except 
the  same  be  in  a  cellar  or  ground  floor,  and  be  laid  and  bedded  on  the  solid  earth ; 
and  that  no  timber  or  wood- work  whatever  shall  be  laid  in  the  brick-work  of  NotiBbM-in 
any  oven,  stove,  copper,  still,  boiler,  or  furnace  to  be  built  after  the  said  $*Ji^'][°|* 
twenty-fourth  day  of  June,  nor  within  two  ftet  of  the  inside  of  any  such      ^*^ 
oven,  stove,  copper,  still,  b<Aler,  or  lumace ;  nor  shall  any  timber  whatever  be  niifnui  of 
laid  in  the  brick-work  of  any  chimney  to  be  built  after  the  said  time  nearer  Mdnrark*!? 
than  nine  inches  to  the  opening  of  such  chimney,  or  than  five  inches  to  the  •^i"'*"^^  ^' 
inside  of  the  flue  of  any  chimney,  oven,  stove,  copper,  still,  boiler,  or  ftimace,  or  than  nine 
inches  to  the  inside  of  the  flue  of  any  such  oven,  stove,  copper,  still,  boiler,  or  furnace^ 
where  any  such  timber  shall  lie  or  be  placed  nearer  than  five  feet  above  the  mouth  of  the 
same ;  and  that  no  wood^work  whatever  shall,  at  any  time  after  the  time  ^g^.,^,^ 
aforesaid,  be  afllxed  to  the  front  of  any  jamb  or  mantel,  or  to  the  front  or  entiw'fsmntor 
back  of  any  chimney  or  flue»  except  such  wood-work  be  affixed  by  iron  nails  ''^"'"''*' 
or  holdfiwts  or  other  iron  fiwtenings ;  and  no  iron  nail,  iron  holdfitft,  or  other  iron  frstening 
shall  lie  or  be  drove  more  than  three  inches  into  the  wall  against  such  chimney  or  flue,  or 
nearer  tiian  four  inches  to  the  inside  of  the  opening  of  any  chimnev ;  and  that  j^^  odmim  to 
no  chimney  shall,  after  the  time  aforesaid,  be  erected  on  any  tunber-work  teancMdw 
whatever,  except  on  such  piling,  brid^^ing,  or  planking  as  nuy  be  necessary  *^*^* 
below  the  foundation  of  the  building  m  which  such  chimney  is  erected,  but  every  chimney 
thereafter  to  be  built  shall  be  erected  aa  such  piling,  bridging,  or  planking,  or  on  solid 
ground,  or  on  a  brick  or  stone  foundation,  or  shall  be  set  upon  brick  or  stone  corbels  or 
iron  brackets,  or  upon  iron  shores,  which  iron  shores  shall  be  supported  by  brick  or  stone 
foundations. 

XLVI.  And  it  b  hereby  further  enacted,  that  every  external  wall  or  external  indosure 
of  every  building  of  the  first,  second,  third,  fourth,  or  fifth  rate  or  class  of  icaHriaker 
building  which  shall  be  erected  and  built  after  the  said  twenty-fourth  day  of  ***""^  **^ 
June^  and  of  every  addition  or  enlargement  thereafter  to  be  made  to  any  building  of  the 
first,  second,  third,  fourth,  or  fifth  rate  or  class  of  building  now  erected  or  hereafter  to  be 
erected,  shall  be  of  brick,  stone,  artificial  stone,  lead,  copper,  tin,  slate,  tile,  or  iron,  or  of 
brick,  stone,  and  such  artificial  stone,  lead,  copper,  tin,  slate,  tile,  and  iron  together,  except 
the  necessary  pilings  bridging,  and  planking  for  the  foundation  of  the  same,  and  also  except 
the  necessary  templets,  chains,  bond  timbers,  and  also  except  the  doors,  sashes,  window 
shutters,  and  door  and  window  fhunes  to  such  buildings,  and  the  tiers  or  stories  of  door 
eases  and  doors  to  all  such  warehouses  as  are  or  shall  be  of  the  first,  second,  third,  or  fourlb 
rate  or  class  of  building ;  all  which  window  frames  and  door  firamcs  shall  be 
let  in  reveals,  and  recessed  at  least  four  inches  firom  the  front  of  the  building 
in  which  such  window  firames  and  door  frames  shall  be  fixed ;  and  also  except  ^ 
the  bressummers,  story  posts,  and  plates,  which  may  be  made  on  the  ground  story  only,  and 
also  except  all  stall  boards  for  the  conveniency  of  any  shop  or  shops  which  may  be  made 
on  the  ground  story  only ;  which  bressummers,  story  ports,  and  plates,  and  the  tiers  or 
stories  of  door  cases  and  doors  to  all  such  warehouses  as  before  mentioned  are  not  hereby 
required  to  be  fixed  in  reveak  ;  but  no  story  post  or  bressummer  shall,  at  any  Etery  poMi  and 
time  after  the  said  twenty-fourth  day  of  June,  be  fixed  more  than  two  inches  ESTuttwotodlai 
deep  in  any  party  wall,  or  be  placed  in  any  front  nearer  than  seven  inches  to  ^  pvtj-waiii. 
the  centre  line  of  the  party- wall  of  such  building  if  such  party-wall  be  of  the  thickness  of 
two  bricks,  or  nearer  than  four  inches  and  an  half  to  the  centre  of  such  party- wall  if  such 
party- wall  shall  not  exceed  one  brick  and  an  half  in  thickness ;  but  no  timber-work  what- 
ever, other  than  and  except  such  bressummer,  story  post%  and  plates,  and  such  tiers  or 
stories  of  door  cases  and  doors,  shall  be  laid  in  any  such  external  wall  nearer  than  four 
inches  to  the  external  surfiu»  thereof;  and  every  such  story  post  which  shall  nanwrMai7p«to 
be  fixed  as  a  support  to  two  fronts,  being  the  comer  of  any  street,  square,  ^Jtl.'l^d^^?^ 
place,  court,  or  way,  shall  be  of  cmk  or  stone,  and  at  least  twelve  inches  iadMSMpun. 
square. 

XLVI  I.  And  be  it  fUrther  enacted  by  the  authority  aforesud,  that  every  flat,  gutter, 
and  roof  of  every  building  of  the  first,  second,  third,  fourth,  or  fifth  rate  or  ru*.  riwa,&e. 
class  of  building  which  shall  be  built  after  the  said  twenty-fourth  day  of  June,  >>•«  («>»«*««<>- 
and  every  turret,  dormer,  and  lanthom  light,  or  other  erection,  which  shall  be  placed  in 
the  flat  or  roof  of  any  such  building,  and  every  external  part  of  any  flat,  gutter,  roo^  turret, 
dormer,  and  lanthom  in  anv  building  of  the  first,  second,  third,  fourth,  or  fifth  rate  or  class 
of  building,  now  built,  and  which  shall  at  any  time  after  the  time  aforesaid  be  ripped  or 
uncovered,  shall  be  covered  with  glass,  copper,  lead,  tin,  slate,  tile,  or  artificial  stone,  except 
the  doors,  door  frames,  windows,  and  window  frames  of  such  dormers,  turrets,  lanthorn 
lights,  or  other  erections. 

XLVI  1 1.  And  be  it  fVirther  enacted  by  the  authority  aforesaid,  that  every  coping, 
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Material  of  «oinac9,  tut^  wuidow  dresHiig,  portico,  baloony,  balufltrade,  or  otbcr  exterul 
•tMfwd  dM»-  deooration  or  projection  whatsoever  to  be  made  after  the  nid  twenty-fourtli 
"'^"^  day  of  June  to  any  building  of  the  first,  second,  third,  or  fourth  rate  or  cImb 

of  building,  and  alio  every  fron^spieoe  to  any  bsilding  of  the  first  rate  m  daas  of  bnil^ng 
now  built  or  hereafter  to  be  built,  or  to  any  addition  or  enlargement  of  any  such  builcfing, 
shall  externally  be  of  briok,  stone,  burnt  clay,  or  artifieial  stone,  stucco,  lead,  or  iron,  except 
the  cornices  and  dressings  to  shop  windows,  and  also  except  such  covered  ways  as  may 
hereafter  be  made  to  any  building,  ao  nevertheless  as  that  the  said  covered  way  or  any  part 
thereof  shall  not  extend  beyond  tiie  original  line  of  the  houses  in  the  street  or  way  in  whidi 
the  same  shall  be  or  is  erected ;  and  such  covered  way  shall  be  covered  with  stone,  lead, 
copper,  slate,  tile,  or  tin ;  and  neither  the  said  covered  way,  nor  the  cornice  or  dreasings  to 
any  shop  window,  nor  the  roof  of  any  such  portico,  shall  be  higher  than  the  under  side  of 
the  sill  of  the  window  fi'ttne  of  the  cme  pair  of  sturs  window  of  the  building  to  which  the 
same  belongs ;  and  that  no  water  shall  be  suffered  to  drip  next  to  any  public 
cflavaytdfrwa  Street,  squarc,  place,  court,  or  way  from  the  roof  of  any  building  of  the  first, 
'"^  second,  third,  or  fi>urth  rate  or  class  of  buUding  to  be  built  after  the  said 

twenty-fi>urth  day  of  June,  except  from  the  roofs  of  porticoes  or  other  entrances,  but  afi 
water  frmn  such  rods  shall  be  conveyed  by  lead,  copper,  tin,  or  iron  gutters  or  pipes,  or  aH 
or  either  or  any  of  tfaenw  or  by  wooden  trunks,  or  by  brick  or  stone  funnds,  to  tiie  drsins 
or  channel  stones  now  made  or  hereafter  to  be  made  on  or  bdow  the  suHace  of  the  ground 
for  that  purpose,  or  to  some  cistern  or  other  reservoir  made  to  receive  the  same,  or  to  any 
front  of  such  building  not  abutting  upon  any  public  street  or  way ;  and  no  such  brick  or 
stone  frinnel  shall,  after  the  time  aforesaid,  be  made  or  built  unless  the  same  shall  be  in 
every  part  thereof  below  the  surface  of  the  foot  pavement  before  the  same,  nor  shall  any 
such  wooden  trynk  after  the  said  time  he  fixed  unless  the  same  be  in  every  part  thereof 
below  the  tops  of  the  windows  of  the  ground  story. 

XL IX.  And  be  it  flirther  enacted  by  the  authority  aforesaid,  that  no  bow  window  or 
No  bMv  windo^py  Other  projection  shall,  after  the  time  aforesaid,  be  built  with  or  added  to  any 
tiM?iM^rt8r^  building  of  the  first,  second,  third,  or  fourth  rate  or  class  of  building,  next  to 
pfl^tomibr  ^"^7  P^^^ic  Street,  square,  court,  or  way,  so  m  to  extend  beyond  the  general 
dKocatioiH.  line  of  the  fronts  of  the  houses  in  such  public  street,  square,  cmirt,  or  way  in 
which  such  bow  window  or  other  projection  is  made,  except  such  projections  as  may  be 
necessary  for  copings,  cornices,  fiocias,  door  and  window  dressings,  or  for  open  porticoes, 
Shop  windawi  steps,  or  iron  palisades ;  and  also  except  such  window  to  any  shop  or  shops  on 
and  ■uii  boards,  ^y^^  ground  floor  story  of  any  such  building,  the  stall  boards  of  which  windows 
riiall  not  in  any  street  or  way  thirty  feet  wide  or  more  project  above  ten  inches,  nor  in  any 
street  or  way  less  than  thirty  feet  wide  above  five  inches,  from  the  upright  line  of  the 
building  in  such  street  or  way  respectively ;  and  no  cornice  or  covering  thereof  to  any  such 
shop  wmdow  shall,  in  any  street  or  way  thirty  feet  wide  or  more,  project  m€>te  than 
eighteen  inches,  nor  in  any  street  or  way  less  than  thirty  feet  wide  more  than  thirteen 
inches,  from  the  upright  line  of  the  building  to  which  such  shop  window  belongs ;  and 
MatcriaUoT  ^^^  '^  ^^  window  or  Other  projection,  except  as  befiyre  excepted,  shall,  after 
tM>«  wJndvwaaiMi  the  Said  twenty-fourth  day  of  June,  be  built  with  or  added  to  the  front  of  any 
''*        *™'  building  of  the  first,  second,  third,  or  fourth  rate  or  class  of  building,  unless 

the  same,  and  the  columns  and  pilasters  (if  any")  which  support  the  same,  be  built  of  the 
several  materials  herein-before  directed  to  be  used  in  all  external  walls  or  external  inclosures. 

L.  Provided  always,  and  be  it  enacted,  that  nothing  herein  contained  shall  prejudice, 
B«Tii«ioeam.  lesscn,  or  defeat  the  powers  granted  to  any  commissioners  for  paving  any 
J^^T"*^  streets  or  other  places  within  the  limits  aforesaid  by  any  act  or  acts  of  parlia- 
ment, or  to  the  commissioners  of  the  sewers  for  the  city  of  London. 

LI.  And  be  it  further  enacted  by  the  authority  aforesaid,  that  every  external  wall  or 
Old  oxtnai  other  external  inclosure  to  any  building  which  is  built  or  begun  to  be  buiH 
m**'*te ivMind*  ^^^'®  ^^^  ^^^  twenty-fourth  day  of  June,  not  being  of  the  several  materiab 
with  tha  tame  in  and  by  this  act  required  for  external  walls  or  external  indosures  thereafter 
natatiab.  ^  ^  built,  may  be  at  all  times  thereafter  repaired  with  the  same  sort  or  aorta 

of  materials  as  the  materials  of  which  such  external  wall  or  other  external  inclosure  is 
erected  (except  the  external  inclosures  of  roofs,  flats,  gutters,  and  of  the  dormers,  turrets, 
and  lanthom  lights  or  other  erections  on  the  same,  which  shall  be  repaired  with  the  mate- 
rials herein-before  directed  for  the  same);  but  in  case  any  such  external  wall  or  other 
external  inclosure  be  at  any  time  hereafter  taken  down  or  otherwise  demolished  to  the 
bressummer  or  one  pair  of  stairs  floor,  or  the  place  where  the  hressummer  is  usually  fixed, 
then  every  part  of  the  same,  not  being  built  of  the  several  materials  in  and  by  this  act 
required  for  external  walls  or  other  external  inclosures  thereafter  to  be  erected,  riiall  be 
taken  down,  and  the  same  shall  be  entirely  rebuilt  of  such  materials,  and  in  such  manner  in 
all  respects,  as  in  and  by  this  act  required  for  all  external  walls  or  other  external  indosures 
thereafter  to  be  built,  according  to  the  rate  or  class  of  building  to  which  such  wall  or  other 
external  ioelosure  belongs. 
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LIT.  Aad  be  k  fiirtlMr  enacted  by  the  authority  aforesaid,  that  no  bow  window  of  other 
projection  made  or  built  before  the  said  twenty-fouith  day  of  June  ehaU  be  at  No  bow  window 
any  time  thereafter  rebuilt,  except  such  projections  as  are  in  and  by  this  act  f^iS^rS!^  ** 
•How^  uakss  such  bow  window  or  otiier  prqjeetion  was  built  at  the  same  S^^SS^kie 
time  the  house  or  binlding  to  which  the  same  belongs  was  buiH,  or  unless  «ftb«rt>Mi,ac. 
such  bow  window  or  other  projection  be  within  the  original  line  of  the  street,  square, 
place,  court,  or  way  in  which  the  same  is  erected. 

LIIL  And  be  it  further  enacted  by  the  authority  aforesaid,  that  no  staek  of  warehouses 
to  be  erected  after  the  said  twenty-fourth  day  of  June  shall  contain  more  than  Neitack  orwam. 
thirty-five  squares  of  building  on  the  ground  plan  thereof,  including  all  the  dlS^iS^-sve 
external  and  internal  walls,  and  so  much  of  the  party-widls,  if  any,  as  belong  JSJIklMSa  wd 
to  such  stack  of  warehouses ;  and  no  enlargement  shall  be  at  any  time  there-  oSnai  waib. 
after  made  to  any  stack  of  warehouses  already  built  or  begun,  so  as  to  increase  the  same 
beyond  the  said  thirty-five  squares  on  the  ground  plan,  including  such  walls  as  aforesaid, 
except  such  stack  of  warehouses  be  separated  and  divided  by  one  or  more  party-wall  or 
party-walls,  built  in  every  respect  according  to  the  directions  herein-before  contained 
concerning  party-walls,  into  divisions  of  not  more  than  thirty-five  squares  each,  including 
such  walls  as  aforesaid,  on  the  ground  plan  of  such  warehouses ;  and  that  no  Necsoramanica- 
stack  of  warehouses  shall  communicate  with  any  other  warehouse  or  building  ^rty*^^ll!Si?^«M 
through  a  party-wall,  unless  the  door  case  and  sill  of  every  such  conununica-  ^iSTSndinn 
tion  be  of  stone,  and  unless  there  be  to  every  such  communication  a  door  of  <><"»^ 
wrought  iron  of  the  thickness  of  a  quarter  of  an  inch  at  least  in  the  panels  thereof;  and 
no  timber,  bond,  or  lintd  shall  be  hud  into  the  foriek-work  of  any  wall  in  any  such  stack 
of  warehouses  nearer  than  eighteen  inches  to  the  opening  of  such  communication. 

LIV.  And  be  it  further  enacted  by  the  authority  aforesaid,  that  no  building  for  stables 
to  be  erected  after  the  said  twenty-fourth  day  of  June  shall  contain  more  than  no  ■tabic*  to  oon- 
twenty-five  squares  of  building  on  the  ground  plan  thereof  including  all  the  t*^  ^^  >>>» 
external  and  iiMemal  walls,  and  so  much  o£  the  party- walls  (if  any)  as  belong  MiaaalHarbaiid. 
to  such  building  for  stables ;  and  no  enlargement  shall  be  at  any  time  there-  &Mraju!ll!d* 
after  nwde  thereto^  or  to  any  building  for  stables  already  built  or  begun  to  be  "■■■'^  v'*"*- 
built,  so  as  to  increase  the  same  beyond  the  said  twenty-five  squares  on  the  ground  plan, 
including  such  walls  as  aforesaid,  except  such  building  for  stables  be  separated  and  divided 
by  one  or  mote  party-wall  or  party-walls,  built  in  every  respect  according  to  the  directions 
herein-before  contained  concerning  party-walls,  into  divisions  of  not  more  than  twenty-five 
squares  each,  inclu<Ung  such  walls  as  aforesaid,  on  the  ground  plan  of  such  no  communiu- 
stebles ;  and  that  no  such  building  for  stables  shall  communicate  through  a  Svi^Brton!!'''^ 
party-wall  with  any  other  stables  or  building,  unless  the  door  case  and  nil  of  <*"*^  *<^- 
every  such  ooomiunication  be  of  stone,  and  unless  there  be  to  every  such  communication 
a  door  of  wrought  iron  of  the  thickness  of  a  quarter  of  an  inch  in  the  panels  thereof; 
and  no  timber,  bond,  or  lintel  shall  be  laid  into  the  brickwork  of  any  wall  in  any  such 
building  for  stables  nearer  than  eighteen  inches  to  the  opening  of  such  communication. 

L. V.  And  be  it  further  enacted  by  the  authority  aforesaid,  that  if  any  building  whatsoever 
of  the  first,  second,  third,  or  fourth  rate  or  class  of  building  (except  buildings  Bniidini*  bav- 


in the  several  inns  of  court  or  chancery,  the  Royal  Exchange,  companies*  dSunct^!«mra 
halls,  and  except  warehouses  and  dwelling-houses  let  at  a  rack-rent  for  not  fl^J^d£S2^. 
more  than  twenty-five  pounds  by  the  year,)  be  at  any  time  hereafter  converted  pontebuUdinffc 
into  two  or  more  dwelUng-housea,  workshops,  stabfes,  or  other  buildings,  which  shall  be  in 
distinct  tenures  on  the  ground  fioor  thereof,  then  each  such  tenement  shall  be  considered  as 
a  separate  building,  and  the  same  shall  be  divided  from  each  other  by  a  party-waU  or  party- 
walk  ;  and  every  such  party-wall  shall  be  of  the  materials,  height,  and  thickness,  and 
shaH  be  firom  time  to  time  under  the  several  regulations  respecting  party-walls,  herein 
directed  to  be  observed  with  respect  to  the  party-wall  of  the  highest  rate  or  class  of  build- 
ing adjoining  to  such  party-wall  or  party-walls. 

LVI.  Provided  nevertheless,  that  nothing  in  this  act  contained  shall  extend  to  prevent 
any  person,  being  the  proprietor  or  leaseholder  of  any  stack  of  warehouses,  Nottopww« 
from  dividing  the  said  warehouses  fiom  time  to  time  into  divisions  for  the  con-  JSHSginliS^ 
venieocy  of  letting  the  same  to  under-tenants,  so  nevertheless  as  that,  if  any  ^""^i 
staek  of  warehouses  contain  more  than  thirty-five  squares  of  building  on  the  ground  plan, 
the  same  shall  be  separated  and  di^ded  by  a  puty-wall  or  party-walls  as  aforesaid  into 
divisions  of  not  more  than  thirty-five  squares  each,  as  is  herein-beifbre  directed  concerning 
stacks  of  warehouses  to  be  erected  after  the  ssid  twenty-fourth  day  of  June. 

LVII.  Provided  also,  that  nothing  in  this  act  conUuned  shall  ext«id  to  prevent  any  per- 
son, being  the  proprietor  or  leaseholder  of  any  stable  vard  or  livery  stables,  BorfttimdiTMii« 
firom  dividing  ^e  said  stables  from  time  to  time  into  divisions  for  the  conve-  SSricuou^Bcar 
nienoy  of  letting  the  same  to  under-tenants,  so  nevertheless  as  that,  if  any  build-  ^^""^ 
ing  fiw  stables  contain  vaote  than  twenty-five  squares  of  building  on  the  ground  plan,  the 
same  shall  be  separated  and  divided  by  a  party-wall  or  party-walls  as  aforesaid  into  divi- 
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■ions  of  not  man  thm  twenty-fiTe  tquarM  Moh*  as  bersuubefore  direeted  eonceniing  fauild- 
Iqg*  for  itable*  to  be  cvceted  after  tbe  Mud  twenty-fourth  day  of  June 

LVIII.  And  it  is  hereby  further  enacted,  that  if  any  building  hereinf-befofc  dedared  to 
be  of  the  fifth  or  sixth  rate  or  class  of  building  be  hereafter  divided  into  two 
or  more  distinct  tMiuieSy  and  the  several  parts  of  such  building  in  such  sepa> 
rate  tenures  be  not  at  the  sereral  dirtanoes  ftom  each  other  herein-befove  par- 
ticularly directed  for  every  such  fifth  or  sixth  rate  building,  then  every  such 
several  part  of  such  building  in  every  such  separate  and  distinct  tenure,  being 
nearer  to  each  other  than  the  said  several  distances,  shall  he  deemed  a  public  nuinnoe,  and 
shall  be  immediately  taken  down  as  such. 

LIX.  And  be  it  ftirther  enacted  by  the  authority  aforesaid,  that  no  inm,  tin,  copper,  or 
i!a<ikiniii  M  111  Other  pipe  or  funnel  for  conveying  smoke  or  steam  shall  be  at  any  time  after 
JmM^ftirMMte  the  sud  twenty-fourth  day  of  June  fixed  next  any  public  street,  square^  court, 
la^dsorhMMior  or  way,  on  the  front  of  any  building  of  the  first,  second,  third,  or  fourth  rate 
SStMUttrSmth*  or  class  of  building,  nor  shall  any  such  pipe  or  fimnel  be  fixed  on  the  inside 
'*'**'  of  any  such  building  nearer  than  fourteen  inches  to  any  timber  or  other  com- 

bustible material  whatever,  nor  shall  any  brick  ftinnel  be  thereafter  built  or  placed  on  the 
outside  of  any  front  next  to  anv  public  street,  square,  places  court,  road,  or  way,  of  any 
building  of  the  first,  second,  third,  or  fourth  rate  or  class  of  building,  so  as  to  extend  beyond 
the  general  line  of  the  houses  in  the  public  street»  square,  place,  court,  or  way  in  which 
the  same  is  erected. 

LX.  And  be  it  ftirther  enacted  by  the  authority  aforesaid,  that  every  church,  chapel, 
meeting-house,  dwelling-house,  or  other  building,  and  every  party-wall  and 
other  wall,  which  shall,  after  the  said  twenty-fourth  day  of  June,  be  built  wiihin 
the  limits  of  this  act,  shall  be  built  pursuant  to  such  rules  and  regulations,  and 
with  such  materials,  as  are  herein-before  particularly  appointed ;  and  if  any  person  or  per- 
sons presume  to  build  or  to  begin  buildiog,  or  cause  tiie  building  or  beginning  to  build, 
or  to  alter  or  cause  to  be  alterad  any  building  already  erected,  in  any  respect  cootrary 
thereunto,  and  be  thereof  convicted  by  the  oaths  of  two  or  more  credible  witnesses  before 
the  mayor  of  the  city  of  London,  or  any  two  or  more  justices  of  the  peace  for  the  said  city 
oi  London,  or  counties  of  Middlesex  or  Surrey,  or  city  and  libertv  of  Westminster,  or 
liberty  of  His  Migesty's  Tower  of  London  respectively,  where  such  building  contrary  to  the 
regulations  aforesaid  shall  be  situated,  (which  oaths  they  the  said  mayor  and  justices  are 
hereby  respectively  empowered  and  required  to  administer,)  then  the  said  house,  building, 
or  wall  so  irregularly  built  or  begun  to  be  built,  or  so  irregularly  altered  or  begun  to  be 
■idtiMbDiidK  altered,  shall  be  deemed  a  common  nuisance ;  and  the  builder  and  the  owner 
^  •«»•'  ^ thereof  or  one  of  them,  such  as  the  said  mayor  or  justices  shall  require,  sImU 

•hot iDto ■  neQf»  .  ,  .'        .  .  .•  «    i. 

aiMuic*  to  doBo-  enter  mto  a  recognizance,  m  such  sum  as  the  said  mayor  or  justices  shall  re- 
itah  um  imm.  q^ectively  appoint,  for  abating  and  demolishing  the  same  within  such  convenient 
time  as  the  said  mayor  or  justices  shall  respectively  appoint,  or  otherwiw  to  amend  the 
same  according  to  such  rules  and  regulations  as  are  herein-before  contained ;  and  in  defoult 
of  entering  into  such  recognizance,  the  person  or  persons  so  making  defoult  shall  be  com- 
mitted to  the  common  gaol  of  the  city,  county,  or  liberty  where  the  offence  shall  be 
committed,  there  to  remain  without  bail  or  mainprise  until  he  shall  have  abated  or  demo- 
lished or  otherwise  amended  the  same,  or  until  such  irregular  house  or  building  shall  be 
abated  or  demolished  by  order  of  such  mayor  or  justices  respectively,  which  order  the  said 
mayor  and  justices  are  hereby  empoweM  to  make ;  provided  always,  that  such  conviction 
be  had  within  three  months  after  such  building  shall  be  finished. 

LXL  And  it  is  hereby  ftuther  enacted,  that  it  shall  be  lawftd  for  the  mayor  of  the  city 
BnOdinfftdMoMd  of  London,  or  any  two  or  more  justices  of  the  peace  for  the  said  city  of  Ixmdoo, 
fSSuSilnbf  or  county  of  Middlesex  or  Surrey,  or  city  and  liberty  of  Westminster,  or  liberty 
oMT^ ndauj  ^^  ^^  Migestv's  Tower  of  London  respectively,  where  any  building  contrary 
MUutartait to  to  the  rmilations  aforesaid  shall  be  situated,  to  order  every  house  or  building 
ap«aM.  so  irregulsrly  built  or  begun  to  be  built,  or  so  irregularly  altered  or  begun  to 

be  altered,  as  is  by  this  act  declared  to  be  a  common  nuisance,  to  be  abated  or  taken  dowi^ 
and  to  order  the  person  or  persons  authorised  to  abate  or  take  down  the  same  to  adl  and 
dispose  of  the  materials  thereof,  and  out  of  the  moneys  arising  by  the  sale  thereof  to  pay  to 
themselves,  and  all  persons  by  them  employed  for  the  purposes  aforesaid,  the  resaonable 
charges  of  abating  or  taking  down  such  nuisance,  and  to  pay  the  surplus  of  the  mmuee 
arising  bv  such  sale  (if  any  be)  to  the  owner  or  owners  of  such  materials ;  and  if  the  mo- 
neys arising  by  such  sale  be  not  sufficient  to  pay  such  charges,  the  deficiency  shall  be  made 
good  by  such  owner  or  owners,  and  may  be  levied  in  like  manner  as  is  herem-after  directed 
concerning  the  expense  of  taldng  down  ruinous  buildings,  and  putting  up  hoards  for  the 
safety  of  passengers. 

LXII.  And  be  it  ftirther  enacted  by  the  authority  aforesaid,  that  the  mayor  and  alder- 
CountfMmmm  men  of  the  said  city  of  London  shall  and  may  nominate  and  appoint  such  and 


itSS!!mntycm  SO  nuoy  discreet  persons,  skilled  in  the  art  of  building,  aa  they  the  said  naayor 
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and  aldermen  thiok  fit,  to  be,  during  their  will  and  pleasure,  the  nmreyors  or  superriaors 
to  see  the  said  rules  and  r^ulations  well  and  truly  observed  in  and  throughout  the  said 
city  of  London  and  the  liberties  thereof;  and  it  shall  be  lawful  for  the  said  nuiyor  and 
aldermen  in  their  court  of  aldermen,  and  they  are  hereby  required,  to  administer  to  all  the 
said  surveyors  or  supervisors  an  oath  for  the  true  and  impartial  execution  of  their  office  in 
that  bdialf,  and  to  appoint  the  several  districts  which  shall  be  under  their  respective 
surveys )  and  it  shall  sJao  be  lawful  for  the  justices  of  the  peace  for  the  county  in  odiar  piM« 
of  Middlesex,  the  county  of  Sun«y,  the  city  and  liberty  of  Westminster,  and  ^J^S^H^^ 
the  liberty  of  his  IVfajesty's  Tower  of  London,  in  their  general  quarter  sesaons  P"^  mn^ron. 
respectivdy,  and  they  are  hereby  required,  within  their  respective  jurisdictions,  -to  nominate 
and  appoint  such  and  so  many  discreet  persons,  skilled  in  the  art  of  building,  as  the  said 
justices  in  their  respective  quarter  sessions  think  fit,  to  be,  during  their  will  and  pleasure^ 
the  surveyors  or  supervisors  to  see  the  said  rules  and  regulations  well  and  truly  observed 
in  and  throughout  the  said  city  and  liberty  of  Westminster,  and  said  several  parishes,  pre- 
cincts^ and  places  aforesaid  within  the  jurisdiction  of  the  respective  quarter  sessions  by 
whom  they  shall  be  so  appointed ;  and  the  said  justices  in  their  respective  quarter  sessions 
shall  administer  to  the  said  surveyors  and  supervisors  by  them  respectively  appointed  an 
oath  for  the  true  and  impartial  execution  of  their  office  in  that  b^alf,  and  shall  appoint 
the  several  districts  which  shall  be  under  their  respective  surveys,  which  oath  shall  be  in 
the  form  or  to  the  effect  following ;  that  is  to  say, 

"  I,  A.  B.,  being  one  of  the  surveyors  or  supervisors  appointed  in  pursuance  of  an  act 
**  of  parliament  passed  in  the  fourteenth  year  of  the  reign  of  King  George  ^^ 
**  the  Third,  for  the  forther  and  better  regulation  of  buildings  and  party-  '"''^"' 

**  walls,  and  for  the  more  eflfectually  preventing  mischie&  by  fire,  withm  the  cities  of 
**  London  and  Westminster  and  the  liberties  thereof,  and  other  the  parishes,  precincts,  and 
**  places  within  the  weekly  bills  of  mortality,  the  parishes  of  Saint  Mary-le-bone,  Pad- 
**  dington.  Saint  Pancras,  and  Saint  Luke  at  Chelsea,  in  the  county  of  Miadlesex  ;  and  for 
«  indemnifying,  under  certain  conditions,  builders  and  other  persons  against  the  penalties 
**  to  which  they  are  or  may  be  liable  for  erecting  buildings  within  the  limits  aforesaid  con- 
**  trary  to  law,  do  swear,  that  upon  receiving  notice  of  any  building  or  wall  to  be  built,  or 
**  other  builder's  work  to  be  done,  within  the  district  under  my  inspection,  not  being  by 
**  illness  or  otherwise  lawfully  prevented,  I  will  diligently  and  fiuthfully  survey  the  same, 
**  and  to  the  utmost  of  my  abUities  endeavour  to  cause  the  rules  and  r^ulations  in  the 
**  said  act  prescribed  to  be  strictly  observed,  and  that  without  favour  or  affection,  pre- 
<*  judice  or  malice.  So  help  me  God.** 

And  such  surveyor  or  supervisor  shall  from  time  to  time  leave  notice  in  g^     or    im 
writing  with  the  clerk  of  tiie  peace  for  the  county,  city,  or  liberty  in  which  naSeeSut    ^ 
his  district  shall  be  rituated  of  the  place  of  his  usual  abode  or  residence.  '^'"^ 

LXIII.  And  it  is  also  hereby  farther  enacted,  that  before  any  building  or  any  wall,  on 
new  or  old  foundations,  or  cm  foundations  partly  new  and  partly  old,  within  ^  dthMdiam 
the  limits  of  this  act,  shall,  after  the  said  twenty-fourth  day  of  June,  be  begun  toj^w  lo 
to  be  built,  the  master  workman  or  other  person  causing  such  building  or  wall  *"'*'"■■* 
to  be  built  shall  give  twenty -four  hours*  notice  thereof  to  the  surveyor  or  supervisor 
appointed  as  aforesaid  within  whose  district  the  same  shall  be ;  and  such  surveyor  or  super- 
visor shall  view  the  said  building  or  wall,  and  see  that  all  the  rules  and  regulations  in  this 
act  contained  are  well  and  truly  observed ;  and  such  surveyor  or  supervisor,  for  his  trouble 
therein,  shall  be  paid  by  such  master  workman  or  other  person  cauring  such  building  or 
wall  to  be  built  such  sum  of  money,  as  a  satisfection  for  his  trouble  therein,  as  any  two  or 
more  of  His  Migesty*s  justices  of  the  peace  for  the  city,  county,  or  liberty  in  which  such 
building  or  wall  is  situate  shall  by  any  writing  under  their  hands  order  or  appoint,  not 
exceeding  three  pounds  ten  shillings  for  every  new  building  of  the  first  rate  or  claiss  of 
building,  or  one  pound  fifteen  shillings  for  every  first-rate  building  to  which  any  alteration 
or  addition  shall  be  made ;  and  not  exceeding  three  pounds  three  shillings  for  every  new 
building  of  the  second  rate  or  class  of  building,  ,or  one  pound  ten  shillings  for  every  second- 
rate  building  to  which  any  alteration  or  addition  shall  be  made ;  and  not  exceeding  two 
pounds  ten  shillings  for  every  new  building  of  the  third  rate  or  class  of  building,  or  one 
pound  five  shillings  for  every  third-rate  buildin|(  to  which  any  alteration  or  additicm  shall 
be  made ;  and  not  exceeding  two  pounds  two  shillings  for  every  new  building  of  the  fourth 
rate  or  class  of  buUding»  or  one  pound  one  shilling  for  ever^  fourth-rate  buiUing  to  which 
any  alteration  or  addition  shall  be  made ;  and  not  exceeding  one  pound  ten  shillings  for 
every  new  building  of  the  fifth  rate  or  class  of  building,  or  fifteen  shillings  for  every  fifth- 
rate  building  to  which  any  alteration  or  addition  shall  be  made ;  and  not  exceeding  one 
pound  one  shilling  for  every  new  building  of  the  sixth  rate  or  class  of  building,  or  ten 
shilUngs  and  sixpence  for  every  sixth-rate  building  to  which  any  alteration  or  addition 
shall  be  made ;  and  not  exceeding  ten  shillings  and  sixpence  for  every  new  building  of  the 
seventh  rate  or  elass  of  building,  or  five  shillings  for  every  seventh-rate  building  to  which 
any  alteration  or  addition  shall  be  made ;  and  in  defiuilt  of  payment  of  any  3t  the  said 
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of  moofijf  or  math  otibcr  mint  m  the 
riiaU,  by  varrmt  ct  one  or  more  of  indi  ji 
diitreM  and  mIo  of  the  ffoodt  and  ehattdsof 
ofortiiiH,  togiflwr  with  the  reoiniieHf  eeiti  end  cheiy  of  i 

LXIV.  Aiiditi(ihceeb7AirthcrcMetMl,thetifeiiypcmBriwU,eftcrthe 

fourth  day  of  June,  begin  any  aatk  heiiding  or  any  waA  wall,  or  if  aa^ 
^        or  peiiom  diall  thereafter  pw—mii  to  ent  into  any  party- vaD, 
^Md     giving  soch  noHee  as  afeecaaid  to  the  mrveyor  or 

diatriet  the  aune  it  Htuated,  or  dttU 
mittanee  from  time  to  time,  at  wnnnnahlfi  howa,  for  tlie  poipow  of  Tiewing  tiie  aame,  then 
every  person  to  ncgleetang  to  give  soch  notiee,  or  so  nfuaing  such  edmiftanee^  JmII  for 
every  defiuih  therein  forfeit  and  pay  to  the  said  aarveyor  or  wpenriaor  treble  the  cntia- 
foetion  wtiieh  such  snrveyor  or  supenriaor  wonld  have  been  entitled  to  receive  for  his 
trouble  in  viewing  tueh  building  or  vaU,  and  seeing  tlie  rales  and  regulations  of  this  net 
well  and  truly  observed  therein,  in  caM  soeh  notiee  had  been  given,  and  duiil  also  for 
every  such  dcfoult  forfeit  the  sum  of  twenty  pounds,  to  be  reeoverad  by  any  aetion,  bill, 
plaint,  or  information  in  any  of  HiaM^iesty'seonrtsof  reeordat  WisliainiUi  byanypeiaon 
or  persom  who  ahall  sue  fiir  the  same ;  and  also  every  sueh  house,  buildin|^  or  waU  so  be- 
gun to  be  built  without  giving  such  notiee  or  without  giving  such  admittanee  to  sueh  sur- 
veyor  or  supervisor,  in  case  the  same  be  not  built  in  every  rtspcst  agreeably  to  tiie  r^go- 
latioM  of  this  act,  shall  be  demolished  or  amended  by  order  of  the  said  mayor,  or  of  two 
justices  within  wboee  jurisdiction  the  same  shall  be,  in  the  manner  herein-before  directed. 
LX  V.  And  it  is  hereby  ftirther  enacted,  that  in  ease  the  workmen  eaaployed  in  building 
.  any  such  building  or  wall,  or  in  the  cutttng  into  any  such  paitv-wall,  shall  not 
iwihn— riitafir.  woU  and  truly  observe  the  several  rales  and  regulations  m  this  act  eontained, 
v^piiar  taiidiap.  ^^ ^  {jroai  time  to  time  confoim  themselves  thereto^  the  surveyor  or  super- 
visor within  whose  distriot  the  same  is  situated  diall  from  time  to  time  give  informatiaa 
thereof  as  soon  as  conveniently  may  be  to  the  said  mayor  of  the  city  of  London, 
or  two  or  more  justices  of  the  peace  within  wboee  Jurisdiction  the  same  shall  be; 
and  the  said  mayor  or  justices  shall  proceed  thereupon  to  hear  the  matter,  and  if  any 
breach  of  the  rules  and  regulations  in  tfiis  act  contained  is  found  to  have  been  committed, 
the  sMd  mayor  or  justiees  shall  proceed  to  cause  such  irregular  building  or  wdl  to  be 
demolished  or  amended  in  manner  herein-before  directed. 

LXVI.  And  be  it  Aiither  enacted  by  the  authority  aforesaid,  that  if  any  workmen  or 
so*,  r  — jrr  MTvanU  to  any  master  workman  or  other  person  or  persons  musing  any  such 
viAiMDoaMU  building  or  wall  to  be  erected  within  the  limits  of  this  act  shafi  wiUuUy,  caie- 
*'*'  lessly,  or  negligently,  and  without  the  direction,  privity,  or  consent  of  suoh 

mastOT  workman  or  person  causing  suoh  building  or  wall  to  be  erected,  do  any  thing  in  or 
about  such  building  or  wall  ecmtrary  to  the  directiona  of  this  act,  every  such  workman  or 
servant  so  offending,  upon  oonvicti<Hi  thereof  before  fhe  mayor  of  London,  or  other  justiee 
of  the  peace  for  the  said  city  of  LondcMi,  or  before  one  or  more  justice  or  justices  of  the 
peace  for  the  said  county  of  Middlesex,  or  county  of  Surrey,  or  the  city  and  liberty  of 
Westminster,  or  the  liberty  of  His  Mt^y*s  Tower  of  London,  (as  the  case  shall  be,) 
upon  the  oath  of  one  or  more  credible  witness  or  witoesses,  (which  oeth  the  said  mayor  and 
every  suoh  justice  is  hereby  empowered  and  required  to  administer,)  or  upon  his  own  con- 
fession, shall  for  every  such  offence  forfeit  the  sum  of  fifty  shillings,  one  moiety  thenoito 
be  paid  to  the  overseer  or  overseers  of  the  poor  of  ^e  parish,  precinct,  or  place  wherrin 
the  oflEenee  was  committed,  for  ^e  use  of  the  poor  only,  and  the  otho*  moiety  thereof  to 
the  informer ;  and  if  any  such  forfeiture  of  fifty  shillings  be  not  paid  upon  and  immediately 
after  such  conviction,  then  the  offenders  shall,  by  warrant  under  the  hand  and  seal  of  such 
mayor  or  other  justice,  be  committed  to  the  house  of  correction,  there  to  rcsnain  without 
bail  or  mainprise  for  any  time  not  exceeding  three  months  or  less  than  one  month,  unless 
the  said  penalty  be  sooner  paid. 

LX  VII.  Provided  also,  and  it  is  hereby  ftirther  enacted,  that  every  master  work- 
HouMOTwaiii  ^^*^  o'  other  person  who  shall,  after  the  said  twenty-fourth  day  of  June, 
hm||ii«b«iit«o  build  or  cause  to  be  built  any  house  or  other  building,  or  any  addition  to 
wuMn  feuriMn  any  house  or  other  building,  or  any  party-wall  or  other  wall,  or  who  shall 
fl^mSMS"'^  be  employed  to  cut  into  any  party-waU,  within  the  limits  of  this  act, 
oonfarmi^  shall,  witbin  fourteen  days  after  such  house  or  other  building  is  covered 
<*^  ■«*•  in,  or  such  party-wail  or  other  waU  is  finished,  or  the  cutting  into  any  party- 

wall  is  made  good,  cause  the  same  to  be  surveyed  by  the  surveyor  or  supervisor  within 
whose  district  the  same  is  situated ;  and  in  case  the  said  surveyor  shall  reftise,  n^lect, 
or  shall,  by  illness  or  otherwise,  be  prevented  surveying  such  buUding,  wall,  or  other 
work,  then  the  same  shall  be  surveyed  by  any  other  surveyor  or  supervisor  appointed 
and  sworn  within  the  city,  county,  or  liberty  wherein  the  said  building,  wall,  or  other 
work  is  situated ;  and  if  such  surveyor  or  supervisor  shall,  upon  such  survey,  find  that 
the  same  is,  to  the  best  <»f  his  judgment  and  belief,  built  or  made  good  agreeably  te 
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the  KTenl  directions  in  this  act  contained,  then  such  surreyor  or  supervisor  shall,  within 
fourteen  days  after  surveying  the  same,  make  oath  thereof  by  affidavit  in  writing  before  the 
mayor  of  the  city  of  London,  or  some  justice  of  the  peace  for  the  said  city,  or  for  the 
county  of  Middlesex^  the  county  of  Surrey,  the  city  and  liberty  of  Westminster,  or  the 
liberty  of  His  Majesty's  Tower  of  London  respectively,  within  whose  jurisdiction  the  said 
building  or  wall  is  sitiiated,  which  oath  such  mayor  or  justice  is  herd>y  empowered  and 
required  to  admimater ;  and  the  said  affidavit  shall  be  fikd  with  the  clerk  of 
the  peace  for  the  county,  city,  or  liberty  in  whidi  the  said  building  or  wall  is  ^'***^  ********- 
situated  within  ten  days  after  the  making  thereof;  and  the  aaid  clerk  of  the  peace  shall, 
lor  hii  trouble  therein,  he  entitled  to  and  receive  the  sum  of  one  shilling  and  no  more ;  and 
if  any  master  workman  or  other  person  causing  such  building  or  wall  to  be  BuiidCT  dmima- 
«rected,  or  such  party-wall  to  be  eat  into  as  ^resaid,  make  deButh  in  the  *"« *»faflAio{. 
premises  by  neglecting  to  cause  such  survey  to  be  made,  or  such  affidavit  to  be  made  and 
filed,  be  shall  for  every  such  neglect  forfeit  the  sum  of  ten  pounds ;  and  if  audi  affidavit 
be  not  made  and  filed  within  the  space  of  one  month  next  after  the  recovery  osa  tobeiMd* 
of  sudi  penalty,  such  master  workman  or  other  person  as  aforesaid  shall  forfeit  ^^  *^  mtm^ 
the  further  sum  of  ten  pounds,  and  so  tatie$  quotUa  for  every  month  untU  such  aii7Lw'£& 
affidavit  shaU  be  made  and  filed;  and  each  of  the  said  poudties  shall  be  re.  P"^'7«nQ(- 
covered  and  applied  in  like  manner  as  the  penalty  herein-after  mentioned,  and  by  this  act 
inflicted  on  persons  distilling  or  boiling  laiger  quantities  of  turpentine  together  than  are 
hereby  allowed  in  places  not  hereby  allowed. 

LXVIIL  Provided  also,'  and  it  is  hereby  fbrther  enacted,  that  if  any  surveyor  or  super- 
visor appointed  and  sworn  in  manner  herein-before  directed  shall  at  any  snnmronmis. 
time  wilfully  neglect  his  duty,  or  behave  himself  negligently  or  unfaithfully  d£h^S£nd 
in  the  discharge  thereof^  and  the  same  being,  upon  complaint  thereof,  made  Mm'STE''^'' 
appear  to  the  mayor  and  aldermen  of  the  said  dty  of  London,  or  to  the  court  apiw&iud. 
tk  sessions  by  whom  he  was  appointed,  such  surveyor  or  supervisor  dudl,  by  the  said 
mayor  and  aldermen,  or  by  the  said  court  of  sessions,  (as  the  case  may  be,)  be  forthwith 
discharged  from  his  said  office,  and  shaU  for  ever  afterwards  be  incapable  of  being  again 
appointed  a  surveyor  or  supervisor  for  the  purposes  aforesaid.  ^ 

LXIX.  Provided  also,  and  it  is  hereby  fiirther  enacted,  that  nothing  in  this  act  con- 
tained shall  extend  to  any  of  His  M^esty's  royal  palaces,  or  to  any  house  or  Kinn^  yiiacm, 
building  being  in  the  possession  of  His  Mi^esty,  his  heirs  and  successors,  or  '^  c>c«p(^- 
employed  for  His  Mi^esty's  use  or  service,  or  to  Her  Mi^esty^  palace,  or  to  any  house  or 
buUding  in  the  possession  of  Her  Majesty,  or  employed  for  her  use  or  service. 

LXX.  And  whereas  houses  and  buildings  within  the  limits  aforesaid  are  often,  either 
ttota  litigated  titles  thereto,  or  the  obstinacy,  n^lect,  or  poverty  of  the  Wh«i  any  baud. 
owners  thereof,  or  of  the  parties  interested  therein,  in  so  ruinous  a  condition  wraioMi!?*^ 
that  passengers  thereby  are  in  danger  of  their  lives  or  limbs  from  the  falling  n^tHfetjS 
thereof,  or  of  the  twicks  or  timber  therefrmn ;  be  it  therefore  enacted  by  the  r«"Miic«". 
authority  aforesaid,  that  if  any  presentment  shall  hereafter  be  made  by  an  inquest  or  grand 
jury  in  London,  or  by  any  annoyance  jury  within  the  city  and  liberty  of  Westminster,  or  by 
the  jury  sworn  at  the  court  leet  hdd  by  the  sheriff  in  hu  turn  for  any  hundred  or  place,  or 
by  any  other  jury  or  inquest  sworn  within  any  other  part  of  the  limits  aforesaid,  that  any 
house  or  building  within  the  same  limits  or  any  part  thereof  is  in  a  ruinous  condition,  it 
shall  be  lawful  for  the  court  of  mayor  and  aldermen,  in  respect  of  any  such  house  or 
building  within  the  said  dty  of  London  and  the  liberties  thereof,  ,or  for  the  churchwardens 
€»r  overseers  of  the  poor  for  the  time  being  of  such  parish,  prednct,  or  place  in  which  such 
house  or  building  is  situated,  (not  being  in  the  dty  of  London  or  the  liberties  thereof,)  and 
the  said  court  and  every  such  churchwarden  and  overseer  of  the  poor  is  and  are  hereby 
required,  on  notice  of  any  such  presentment  being  made,  and  a  copy  thereof  being  laid 
before  them  or  him  respectively,  to  cause,  with  all  convenient  speed,  a  proper  and  sufficient 
hoard  to  be  put  up  for  the  safety  of  all  passengers  passing  thereby,  and  to  cause  notice  in 
writing  to  be  given  to  the  owner  or  owners,  or  other  person  or  persons  interested  therein, 
if  he,  she,  or  they  can  be  found,  and  if  not  to  cause  such  notice  in  writing  to  be  affixed  to 
or  upon  the  door  or  other  notorious  part  of  such  house  or  building  so  presented  to  be  in 
such  ruinous  condition,  to  repair  the  same,  or  to  pull  down  such  building,  as  the  case  may 
require,  within  fiMirteen  days  then  next  oisuing;  and  if  such  owner  or  owners,  ifg^cnnMriMi 
or  other  person  or  persons  interested  in  any  such  house  or  building,  do  not  to  uk*  down 
begin  to  repair  or  take  down  the  same  within  the  said  fourteen  days  after  !AcriwUG*,«iM 
such  notice  so  given  or  affixed  as  aforesaid,  and  complete  such  repairs  or  take  ^S^^^^^SHen. 
down  the  same  as  soon  as  the  nature  of  the  case  will  admit,  then,  oath  bdng  ^^SSetSmt^ 
made  before  the  said  mayor  or  a  justice  of  the  peace  for  the  said  city  of  to b^tokao dora 
London,  or  county  of  Middlesex  or  Surrey,  or  dty  and  liberty  of  Westminster,  *"  ' 

or  liberty  of  His  Mi^esty's  Tower  of  London,  as  the  case  may  be,  (which  oath  every  of 
them  the  said  mayor  and  justices  is  hereby  empowered  and  required  to  administer,)  of  such 
notice  having  been  so  given  or  affixed  as  aforesaid,  the  said  court  of  mayor  and  aldermen. 
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by  and  out  of  the  cash  in  the  ohamber  of  London,  and  alao  every  such  churchwarden  and 
overseer  of  the  poor,  by  and  out  of  the  monies  in  his  hands,  are  hereby  severally  authorised 
and  required,  vith  all  convenient  speed,  to  order  and  cause  such  house  or  building  so 
presented  to  be  in  a  ruinous  condition,  or  so  much  thereof  as  the  said  court,  or  the  said 
churchwardens  or  overseers  of  the  poor,  find  necessary  for  the  safety  of  passengers,  to  be 
taken  down  and  secured  in  such  manner  as  shall  from  time  to  time  be  requisite,  and  to 
and  BUM  nu  Om  scU  and  dispose  of  such  of  the  materials  as  the  said  court  <^  mayor  and  alder- 
S^toMivw  men,  or  the  said  churchwardens  or  overseers  of  the  poor,  shall  judge  necessary 
witav^  mdi**  '^  expedient,  and  out  of  the  monies  arising  by  the  sale  thereof  to  ramburw^ 
■i^  re^j,  and  satisfy  to  themselves,  and  every  person  by  them  respectively  cnii-> 

ployed  for  the  purposes  aforesaid,  all  the  charges  of  putting  up  every  such  hoard,  aim!  of 
takmg  down  or  securing  all  and  any  part  of  every  such  house  or  building  so  taken  down 
or  secured  as  aforesaid,  and  of  selling  tlw  said  materials  as  aforesaid,  or  so  much  thereof  as 
the  monies  ariung  by  such  sale  will  extend  to  pay,  and  shall  account  for  and  pay  the  sur- 
plus of  the  monies  arising  by  such  sale  (if  any  be)  to  the  owner  of  every  such  house  or 
building,  upon  personal  £mand  thereof  made  by  such  owner ;  and  if  no  such  demand  be 
made  of  any  such  overseer  or  overseers  before  another  or  other  overseer  or  overseers  ct  the 
poor  of  the  said  parish,  precinct,  or  place  be  appointed,  then  such  overplus  shall  be  added 
to  the  monies  raised  and  collected  by  virtue  of  the  rates  made  for  the  relief  of  the  poor  of 
the  said  parish,  precinct,  or  place,  and  accounted  for  as  such. 

LXXI.  Provided  nevertheless,  that  any  such  owner,  his  or  her  executors  or  adminU 
OMrpiwiarWiw  stntors,  shall  and  may,  at  any  time  or  times  within  the  term  of  six  years 
jttMw'oSnMii*  then  afterwards,  be  entitled  to  have  and  reodve  such  overplus  from  the 
•hc'ym  aB***"  ehurehwardens  or  overseers  of  the  poor  for  the  time  being  of  such  parish, 
dMMMid  i  precinct,  or  place  within  ten  days  after  demand  thereof  personally  made  by 

such  owner,  hu  or  her  executors  or  administrators ;  and  every  such  churchwarden  <w  over- 
seer is  hereby  required  to  pay  the  same  accordingly  out  of  any  monies  raised  or  to  be 
raised  by  any  rate  or  rates  for  the  relief  of  the  poor,  and  shall  be  allowed  the  payment 
thereof  in  any  account  to  be  by  him  made  with  the  vestry,  inhabitants,  and  parishioners  of 
the  said  parish,  precinct,  or  place,  or  the  future  overseer  or  overseers  thereof;  and  if  it 
botifMtearou  happens  that  the  monies  arising  by  such  sale  shall  foil  short  and  are  deficient 
mSSSiHwnmt  to  repay  and  satisfy  all  such  charges,  then  such  deficiency  shall  from  time  to 
^|[Jj^^]J^J{|^  time  be  paid  by  the  owner  or  owners  of  every  such  house  or  building,  if 
dtodmogj.  known  and  to  be  met  with ;  and  if  such  owner  or  owners,  on  demand  thereof 

neglect  or  refuse  to  pay  the  same,  then  such  deficiency  may  be  levied  b^  vrarrsnt  under  the 
hand  and  seal  of  the  mayor  of  the  said  city  of  London  for  the  time  b^g,  or  any  other 
justice  of  the  peace  for  tiie  same  city,  or  imder  the  hands  and  seals  of  two  or  more  justices 
of  the  peace  for  the  county  of  Middlesex  or  county  of  Surrey,  or  city  and  liberty  of  West- 
minster, or  liberty  of  His  Mi^esty*s  Tower  of  London,  (as  the  ease  shall  be,)  by  distress  and 
sale  of  the  goods  and  chattels  of  such  owner  or  owners,  if  any  such  can  be  found ;  and  if 
UndkMds  te  no  such  owncr  or  owners  can  be  met  with,  or  b^g  met  with  shall  not,  on 
^Sd^^iSr^^  demand,  pay  the  said  deficiency,  and  no  sufficient  distress  of  his,  her,  or  their 
muuoM,  goods  and  chattels  can  be  met  with  wherefrom  such  deficiency  of  such  costs 

and  charges  may  be  levied  and  recovered,  then  the  person  or  persons  who  shall  at  any 
time  then  after  occupy  any  such  house  or  building,  or  the  ground  where  the  same  stooc^ 
is  and  are  hereby  required  and  authorised  to  pay  and  deduct  the  same  out  of  the  rent 
thereof;  and  if  he,  she,  or  they  neglect  or  refuse  to  pay  such  deficiency  of  charges,  then 
the  same  shall,  by  warrant  under  t^  hand  and  seal  of  the  said  mayor  of  the  said  city  finr 
the  time  being,  or  any  other  justice  of  the  peace  for  the  same  city,  or  under  the  hands  and 
seals  of  two  or  more  such  justices  of  the  peace  as  aforesaid,  be  levied  by  distress  and  sale 
of  the  goods  and  chattels  of  any  occupier  or  occupiers  of  the  premises,  together  with  the 
costs  of  everv  such  distress  and  sale ;  and  the  owner  or  owners  of  the  premises  is  and  arc 
hereby  required  to  allow  to  every  such  occupier  or  occupiers  all  such  deficiencies  and 
charges  which  he,  she,  or  they  shall  so  pay,  or  which  shall  be  recovered  or  levied  by  distress 
and  sale  fh>m  htm,  her,  or  them  as  aforesaid,  out  of  any  rent  which  shall  become  due  for 
the  said  premises  or  any  part  thereof;  and  every  occupier  paying  any  such  deficiency  and 
charges  shall  be  acquitted  and  discharged  for  so  much  moi^  as  he,  she,  or  they  so  pay,  in 
the  same  manner  as  if  the  same  had  been  actually  paid  to  such  person  or  persons  to  whom 
his,  her,  or  their  rents  were  due  and  should  have  been  paid ;  and  all  money  recaved  or 
recovered  on  the  account  aforesaid,  for  or  in  respect  of  any  such  house  or  building  within 
the  city  of  London  or  the  liberties  thereof  shall  be  paid  to  the  chamberlain  of  the  said 
city,  and  be  by  him  fit>m  time  to  time  placed  to  the  credit  of  the  cash  of  the  said  city  of 
London  ;  and  all  money  on  the  account  aforesaid  from  time  to  time  received  or  recovered 
for  or  in  r^pect  of  any  such  house  or  building  in  any  part  of  the  limits  afinresaid,  other 
than  the  said  city  of  London  and  the  liberties  thereof  shall  be  paid  to  the  churchwardens 
or  overseers  of  the  poor  for  the  time  being  of  the  parish,  precinct,  or  place  where  sudi 
house  or  building  so  presented  is  situated,  and  shall  be  placed  to  the  account  of  the  said 
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parish  in  aid  of  such  or  a  like  rate  or  ftind  out  of  which  the  expenses  and  charges  so 
reoeiTed  or  recovered  were  originallv  disbursed. 

LXXII.   And  whereas  the  distiUing  turpentine,  and  the  drawing  off  the  oil  of  turpen- 
tine and  rosin  by  distilling  turpentine,  and  the  boiling  the  said  oil  and  turpen-  j^^  „,,^  ^^^ 
tine  together  for  making  varnish,  within  the  limits  aforesaid,  may  prove  of  «*nip>iicM of 
dangerous  consequence  to  the  neighbourhood  where  such  practice  is  used ;  for  iwS«iiicdaf' 
preventing  thereof  for  the  future,  be  it  enacted  by  the  authority  aforesaid,  ^SS^SS^ 
that  from  and  after  the  said  twenty-fourth  day  of  June  it  shall  not  be  lawful  <****"^ 
for  any  person  or  persons  to  distil  or  boil  any  turpentine,  or  to  draw  any  oil  of  turpentine 
and  ronn  by  distUling  turpentine,  or  to  boU  any  oil  and  turpentine  together,  above  the 
quantity  of  ten  gallons  at  one  time,  of  all  or  any  of  the  said  commodities  within  the  limits 
aforesaid,  in  any  workhouse  or  place  contiguous  to  any  other  building,  or  in  any  place 
nearer  to  any  other  building  than  the  distance  of  fifty  feet  at  the  least,  upon  pain  that 
every  person  oiSending  therein  shall  for  every  such  offence  forfeit  and  pay  the 
sum  of  one  hundred  pounds ;  every  of  which  fetrfeiture  shall  and  may  be  re-         "»i*7* 
covered,  with  treble  costs  of  suit,  by  action  of  debt,  bill,  plaint,  or  information  in  any  of  His 
Mi^esty*^  courts  of  record  at  Westminster,  wherein  no  essoign,  protection,  or  wager  of  law, 
or  more  than  one  imparlance  shall  be  allowed,  one  moiety  whereof  shall  be  to  the  use  of 
the  poor  of  the  parish,  precinct,  or  place  wher^n  the  offence  was  committed,  and  the  other 
mmety  thereof  to  such  person  or  persons  as  shall  inform  or  sue  for  the  same. 

LXXII  I.  Provided  always,  that  nothing  in  this  act  contained  shall  extend  to  prevent 
shipwrights,  barge-builders,  boat-builders,  or  mast-makers,  or  other  persons  BstxpUoDasio 
employed  in  buUding  or  repairing  ships,  barges,  boats,  or  other  vessels  near  ■*^p*'%*>t^  *«< 
the  river  Thames,  from  boiling  or  mixing  oil  and  other  materials  for  the  purpose  of  paying 
ships,  barges,  boats,  or  masts. 

LXXIV.  And  whereas  the  having  a  suflScient  number  of  fire  engines  kept  in  known 
public  places,  and  at  convenient  distances  firom  each  other,  and  ready  to  be  Pii»«ngiiMiaid 
brought  forth  as  occasion  may  require,  and  the  supplying  such  engines  with  kS^Hrkw!^ 
plenty  of  water,  and  the  giving  encouragement  to  engineers  and  others  to  S!lS^i«teflaHi 
bring  forth,  use,  and  work  such  engines,  may  tend  greatly  to  lessen  the  mis-  «« tn*  nuin. 
chiefr  happening  by  fire,  and  the  having  proper  ladders  kept  in  known  public  places  ready 
to  be  brought  forth  may  fecilitate  the  escape  of  the  inhabitants  from  houses  on  fire ;  be  it 
enacted  by  the  authority  aforesaid,  that  fit>m  and  after  the  said  twenty-fiwrth  day  of  June 
it  shall  and  may  be  lawful  to  and  for  the  ohurchwardeiy  of  every  parish,  and  to  and  for  the 
overseers  of  the  poor  of  every  precinct  and  place  not  having  any  churchwarden,  within  the 
limits  aforesaid,  and  they  are  hereby  respectively  required,  firom  time  to  time  for  ever  to 
make,  place,  and  fix  at  the  charge  of  sudi  respective  parish,  precinct,  or  place,  upon  the 
mains  and  pipes  belonging  to  any  waterwork  whatsoever  within  the  limits  aforesaid,  such 
and  so  many  stopblocks  of  wood,  with  a  wood  plug,  of  such  and  so  many  firecocks  to  go 
into  each  main  or  pipe,  and  to  be  placed  at  such  distances  in  each  and  every  street  or  place, 
as  such  churchwardens  or  overseers  of  the  poor  respectively  for  the  time  being  shall  cUrect, 
and  that  the  top  of  every  such  stopblock  or  firecock  shall  be  even  with  the  pavement  of 
each  street  or  place,  to  the  intent  sudi  plugs  or  firecocks  may  upon  occasion  of  any  fire  be 
opened  to  let  out  the  water  without  loss  of  time  in  digging  down  to  the  pipes ;  and  that 
aU  and  every  such  churchwardens  or  overseers  of  the  poor  respectively  shall  Mvb  to  be 
have  power  and  are  hereby  required  from  time  to  time  to  fix  any  mark  or  ^S^whSn  flw- 
writing  on  the  front  of  any  house  or  houses  over  against  or  nearest  to  the  cwfc«u» 
place  where  such  stopblocks,  i^ugs,  or  firecocks  respectively  lie  or  are  placed,  for  the  better 
making  known  where  all  and  every  such  stopblocks,  plugs,  or  firecocks  lie ;  and  shall 
also  keep  an  instrument  or  key  in  every  such  house  where  every  such  mark  iB,t,,„B^,  ^ 
shall  be  to  open  the  stopblock,  plug,  or  firecock,  and  shall  keep  in  such  house  knui iw iwpi 
a  pipe  for  the  water  to  come  thereout  to  be  made  use  of  as  occasion  may  re- 
quire ;  and  all  such  stopblocks  and  firecocks  shall  be  kept  in  repair  at  the  charge  of  each 
parish,  precinct,  or  place  where  the  same  are  placed,  and  such  plugs  shall  be  kept  in  repair 
by  the  owners  of  the  mains  and  pipes  where  the  same  are  fixed,  and  whenever  the  owners 
of  any  waterworks  shall  afterwards  remove,  change,  or  alter  the  said  mains  or  pipes,  then 
and  in  every  such  case  the  owner  or  owners  of  every  such  main  or  pipe  shall,  at  his  or 
their  own  proper  coats  and  charges,  jdace  and  fix  the  same  or  the  like  stopblocks,  plugs, 
and  fireoocks  upon  every  such  new  main  or  pipe,  to  be  placed  where  the  churchwardens  of 
the  parish,  or  overseers  of  the  precinct  or  place  not  having  a  churchwarden,  for  the  time 
being  shall  direct ;  and  in  every  such  case  the  instrument  or  key  and  pipe  shall  be  removed 
to  the  house  oppomte  or  nearest  to  the  place  to  which  such  stopblock,  plug,  and  firecock  is 
removed,  and  every  such  churchwarden  or  overseer  reapectively  shall  cause  a  like  mark  or 
writing  to  be  fixed  against  every  such  house. 

LXXV.  And  be  it  further  enacted  by  the  authority  aforesaid,  that  every  parish  within 
the  limits  afbfesaid  shall  ih>m  time  to  time  and  at  all  times,  after  the  said  sngisM  vkd  lad* 
twenty-fourth  day  of  June,  have  and  keep  in  good  order  and  repair,  and  in  ^^l^iyrSL 


J 


84tf  LAWS  RELATING  TO  BUILDING.  AmvMZ. 

■ome  known  and  publie  place  wifbin  each  pariah,  a  large  engine  and  alao  a  hand  engiae 
to  throw  up  water  for  the  extinguiBhing  of  fires,  and  also  shall  provide,  keep,  and 
maintain  one  leather  pipe  at  least,  with  a  socket  of  the  same  sise  as  the  ping  or  fire- 
cock, and  a  standoock  or  suction  pipe,  to  the  intent  the  socket  mn^  be  pot  into  the  pipe  to 
convey  the  water  without  loes,  and  without  the  help  of  buckets,  into  the  engine,  and  shall 
also  have  and  keep  in  some  known  and  public  place  within  each  parish  three  or  more  proper 
ladders,  of  one,  two,  and  three  story  hi^,  lor  assisting  persons  in  houses  on  fire  to  escaipe 
lOf.  pciuitj  m  therefrom  I  and  in  defiuiTt  of  making,  placing,  fixing,  and  continuing  such 
g»j^<»d«i  stopblocks  or  firecocks  on  the  several  mains  and  pipes,  as  alw  in  defiiult  of 
mw  beVtad  hsvlng  and  keeping  in  good  repair  such  large  engine,  hand  engine,  and  leather 
hy  dtatfMk  p*  p^  ^^  pipes,  socket  and  standcock  and  suction  pipe,  and  such  ladders  as  afore> 

said,  every  churchwarden  oi  such  pariah,  and  every  overseer  of  any  such  precinct  or  phuse 
not  having  a  churchvrarden,  making  defiuilt  in  all  or  any  of  the  premises,  and  being  con- 
victed thereof  before  two  of  His  MiO<sty*s  justices  of  the  peace  for  the  said  city  of  London, 
or  for  the  county  of  Middlesex  or  Surrey,  or  liberty  where  the  same  may  happen,  (as  the 
case  may  be,)  shall  forihit  and  pay  the  sum  of  ten  pounds,  one  moiety  thereof  to  the  in- 
former, and  the  other  moiety  thereof  to  the  surveyor  or  surveyors  who  shall  be  then  ap- 
pointed, pursuant  to  this  present  act  of  parliament,  for  the  district  within  which  such 
parish,  precinct,  or  place  where  such  defisult  shall  be  made  doth  lie,  to  be  levied  and  re- 
covered by  distress  and  sale  of  the  goods  and  chattels  of  such  churchwardens  and  over- 
seers respectively  so  convicted  of  such  de&ult  as  aforesaid. 

LXXVI.  And  be  it  ftirther  enacted  by  the  authority  aforesaid,  that  the  turncock  be^ 
longing  to  the  waterwork  whose  water  shaU  be  found  on  or  shall  first  come 
eeck  whoM  '  into  the  main  or  pipe  where  any  plug  shall  be  opened  at  any  fire  within  the 
toM^!!!]lbf?*  limits  aforesaid  shall  be  paid  any  sum  not  exceeding  ten  shillings  by  the 
pi»«aiafini  churcbwardcns  or  overseers  of  the  poor  of  such  respective  parish,  precinct, 
tate amkM-  or  place  where  such  fire  may  happen  s  and  that  the  ei^ne-keeper  which  first 
kcnwri  brings  a  parish  engine,  or  other  large  engine,  to  help  to  extinguidi  any  fire 

happening  within  the  Umits  aforesaid,  if  in  good  order  and  complete,  with  a  socket,  host, 
leather  pipe,  standcock,  and  suction  pipe,  shall  b«  paid  any  sum  not  exceeding  thirty  shil- 
itt  tiM  Hrend  lings ;  the  keeper  of  the  second  parish  engine  or  other  large  engine  which  shall 
mgba»-hmifvi  ^  n^f  brought,  in  such  order  and  so  complete,  to  help  to  extinguish  any 
nd  ta  ttociwi  such  fire,  riiall  be  paid  any  sum  not  exceeding  twenty  shillings ;  and  the 
Migim-kMiwr.  iteeper  of  any  parish  engine  or  other  large  engine  which  shall  be  tbe  third  of 
such  engines  brought,  in  such  order  and  so  complete,  to  any  such  fire,  shall  be  paid  any 
sum  not  exceeding  ten  shillings ;  every  such  payment  to  be  made  by  the  churchwardens  of 
each  parish,  or  by  tbe  overseers  of  the  poor  of  every  such  precinct  or  place  not  having  any 
churchwarden  (as  the  case  may  be)  where  any  such  fire  shall  happen ;  and  in  de&ult  of 
payment  thereof  such  rewnrd  shall  be  levied  and  recovered  from  the  said  diurchwardens 
and  overseers  respectively  by  distress  and  sale  of  the  goods  and  chattels  of  every  such 
churchwarden  and  overseer  in  the  same  or  like  manner  as  the  penalty  or  fiirfoiture  of  ten 
pounds  tt  herein-befine  directed  to  be  levied  and  recovered. 

LXXVI  I.  Provided  always,  and  it  is  her^y  frirther  enacted  by  the  authority  aforesaid, 
Butnoravndto  ^^^  ''^  Bach  reward  shall  be  paid  to  any  turncock  or  engine  keeper  by  the 
tiMMm^Mkoa     ^urchwardcu  of  any  parish,  or  overseer  of  the  poor  of  any  precinct  or  place 
ofanSdmuv     aforesaid,  where  any  fire  may  happen,  without  the  approbation  and  direction  of 
the  alderman  of  the  ward  wherein  such  parish,  precinct,  or  place  is  utuate,  or 
his  deputy,  or  of  two  of  the  common  councilmen  of  the  same  ward  fisr  the  time  being,  if 
such  fire  happens  within  the  city  of  London  or  the  liberties  thereof^  or  without  the  approba- 
tion and  consent  of  one  or  more  justice  or  justices  of  the  peace  in  and  fi>r  the  said  county 
of  Middlesex  or  county  of  Surrey,  or  liberty  where  the  same  may  happen,  (as  the  case  may 
be,)  residing  within  such  parish,  premnct,  or  place  where  snch  fire  happens,  and  if  there 
be  not  any  justice  or  justices  of  tbe  peace  rending  in  such  pariah,  precinct,  or  place,  then  of 
such  justice  or  justices  of  the  peace  residing  in  the  parish  or  place  near  or  next  ai^ning  if 
such  fire  happens  any  where  within  the  limits  of  this  act  out  of  the  said  city  of  London 
and  the  liberties  thereo£ 

LXXVI! I.  And  whereas  many  of  the  parishes  within  the  limits  of  this  act  have  been 
When  «B  frequently  put  to  considerable  expenses,  occasioned  by  the  n^lect  of  the  iiw 

varda  for  ciiim.  habitants,  ss  well  lodgers  and  inmates  as  housekeepers,  in  not  causing  their 
bSn^tiyuM  chimneys  to  be  duly  swept,  by  means  whereof  alarms  of  fire  are  frequently 
g^^;;^  made,  to  the  great  terror  and  danger  of  His  Mi^esty*s  subjects,  which  probably 
^J^^jJ^fi^l^  would  be  prevented  if  such  inhabitants  were  <^iged  to  defiray  and  bear  the 
nMOT,  ite.  thmn  charges  and  expenses  attending  such  their  neglects,  or  some  reastmable  part  there- 
of;  be  it  therefore  enacted  by  the  authority  aforeswd,  that  from  and  after  the  said 
twenty-fourth  day  of  June,in  all  cases  where  any  reward  or  rewards,  or  other  recompenoe 
by  this  act  made  payable,  shall  be  borne  and  paid  by  any  churchwarden  or  overseer  of  tfati 
p€X>r  for  or  on  account  of  any  fire  being  in  a  chimney  oidy,  or  first  b^inning  in  and  ocea- 
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sioned  by  tbe  taking  fire  of  aoy  chimney  only,  the  inhabitant  or  inhabitanks^  oeeupier  or 
occupiers  of  any  room  or  apartment  to  which  any  such  chimney  belongs,  being  a  lodger  or 
inmate  to  or  with  any  tenant,  renter,  or  holder  of  any  house  or  building  of  which  such  room 
or  apartment  is  part,  or  if  such  chimney  belong  not  to  any  such  lodger  or  inmate,  then  Uie 
tenant,  renter,  or  occupier  of  the  house  or  building  wherein  any  such  fire  as  last  mentioned 
first  begins,  shall  reimburse  and  repay  to  the  churchwarden  or  overseer  of  the  poor  all  and 
every  such  reward  and  rewards  or  other  payments  by  him  or  them  made  pursuemt  to  the  direc- 
tions of  this  act,  or  such  part  thereof  as  the  mayor  or  other  justice  of  the  peace  of  the  said  city 
of  London,  or  justice  of  the  peace  for  the  liberty  of  His  MflO««ty*s  Tower  of  London,  or 
justice  of  the  peace  for  the  county  of  Middlesex  or  county  of  Surrey,  or  for  the  city  and 
liberty  of  Westminster,  (as  the  case  may  be,)  upon  the  application  and  complaint  of  such 
churchwarden  or  overseer  of  the  poor,  and  hearing  the  party  or  parties  complained  against^ 
shall  under  his  hand  and  seal  award  and  direct ;  and  to  the  end  the  said  _ 
mayor  or  other  justice  afiiresaid  may  be  the  better  enabled  to  award  and  ticmtoneoui* 
direct  what  may  in  any  such  case  be  just  and  reasonable,  the  said  mayor  for  ^^'  ^''' 
the  time  beins  and  every  such  justice  shall  and  may  summon  before  him,  after  any  such 
complaint  made,  the  party  and  parties  eomplained  against,  and  all  persons  fit  to  give  evi- 
dence touching  the  premises  of  whom  he  shall  have  notice  or  information,  and  shall  and 
may  examine  them  and  every  of  them  upon  oath,  (which  oath  the  said  mayor  and  every 
su<^  justice  is  hereby  empowered  and  required  Jx>  administer  without  fee  or  reward ;)  and  li 
the  party  or  parties  complained  against,  being  summoned,  do  not  appear,  the  said  mayor 
and  every  such  justice  of  the  peace  shaU  and  may  proceed  to  examine  the  matter  of  the 
complaint  and  such  evidence  as  is  produced,  and  to  make  such  award  and  direction  there- 
upon as  shall  be  just,  and  as  if  the  party  or  parties  making  such  definilt  of  appearance  had 
been  present,  and  heard  in  his,  her,  or  their  defiaiee ;  and  if  any  sum  or  sums  of  money  so 
awarded  and  directed  to  be  reimbursed  or  repaid  to  any  such  churchwarden  or  orerscer 
of  the  poor  be  not  so  reimbursed  or  repaid  within  fourteen  days  after  demand  thereof 
made,  it  shall  and  may  be  lawful  to  and  for  every  such  churchwarden  or  overseer,  by  war- 
rant under  the  hand  and  seal  of  such  mayor  or  other  justice,  (which  warrant  the  said  mayor 
and  every  such  justice  is  hereby  authorised  to  make,)  to  levy  every  such  reward  and  re- 
wards or  other  recompence  so  paid,  or  such  part  thereof  as  shall  have  been  so  awarded  and 
directed,  by  distress  and  sale  d  the  goods  and  chattels  of  the  party  or  parties  making  de- 
ficit of  payment,  or  of  any  goods  or  chattels  found  in  the  room  or  apartment  to  which 
such  chimney  where  such  fire  began  belongs,  or  in  any  other  part  of  any  house  or  building 
whereof  such  rocnn  or  apartment  is  part. 

LXXIX.  And  forasmuch  as  several  of  the  parishes  within  the  city  of  London  were,  after 
the  great  fire  which  happened  in  the  year  of  our  Lord  Christ  one  thousand  uaitcd  pofiabM 
six  hundred  and  sixty-six,  united  together;  be  it  enacted  by  the  authority  totedrniMdoM. 
aforesaid,  that  any  two  or  more  of  the  said  parishes  so  united  shall,  for  the  purposes  of 
this  act,  be  deemeid  one  parish  only. 

LXXX.  Provided  nevertheless,  and  it  is  further  enacted,  that  in  case  tbe  vestries  of  any 
of  the  said  united  parishes,  or  of  any  other  parish  within  the  limits  aforesaid,  hugapuiOtn 
at  any  time  conceive  it  necessary  for  the  said  parish,  in  respect  to  the  large-  ^^u^ 
ness  thereof^  to  have  more  than  one  great  engine  or  hand  engine,  it  shaU  and  cnshM^ac 
may  be  lawful  for  them  to  provide  two  or  more  great  engines  or  hand  engines  at  the 
parish  charge ;  and  that  the  same  engines  and  every  of  them  shall  be  under  the  like  regu- 
lations and  encouragements  as  the  other  engine  or  engines  directed  to  be  provided  by  this 
act  are  under. 

LXXXI.  And  in  order  to  raise  money  to  defray  the  necessary  charges  of  providing  and 
maintaining  such  engine,  stopblocks,  and  firecocks  and  keys,  and  other  imple*  pin  «>]««,  ar. 
ments  and  materials,  and  such  ladders  as  aforesaid,  and  the  payment  of  the  ^^J*^^*^* 


rewards  or  gratuities  directed  by  this  act,  be  it  enacted  by  the  authority  afore-  '^*^ 
said,  that  the  churchwardens  and  overseers  of  the  poor  of  the  said  several  parishes,  precincts, 
and  places  within  the  limits  of  this  act,  or  the  nu^or  part  of  them,  with  the  consent  of  the 
minority  of  such  inhabitants  as  shall  be,  at  any  vestry  or  other  public  meeting  of  such 
parish,  precinct,  or  place,  duly  assembled,  shall  and  may  firom  time  to  time,  (as  often  as 
there  may  be  occasion,)  out  of  the  monies  raised  or  received  or  to  be  raised  or  received  by 
any  rate  or  rates  made  or  to  be  made  for  relief  of  the  poor  of  every  such  parish,  precinct, 
or  place  respectively,  or  by  any  special  rate  or  rates  to  be  made  for  Uie  purposes  of  this  act, 
pay,  apply,  and  dispose  of  such  competent  sum  and  sums  of  money  as  may  be  requisite  for 
the  encb  aforesaid,  in  like  manner  as  by  law  they  may  do  for  the  noaintenance  and  relief  of 
tbe  poor  of  their  respective  parishes,  precincts,  or  places ;  and  every  such  special  rate  or 
rates  which  shall  be  made  as  aforesaid,  the  same  being  allowed  and  confirmed  in  the  like 
manner  as  the  rates  made  for  the  relief  of  the  poor  are  or  ought  to  be  allowed  or  confirmed, 
shall  be  levied  and  recovered  in  the  same  manner  as  the  rates  nmde  fyt  the  rdief  of  the 
poor  now  may  or  ought  to  be  levied  and  recovered,  subject  to  the  like  appeal  as  in  cases  o£ 
n^ea  made  for  the  relief  of  the  poor ;  and  the  said  officers  shall  be  accountable  for  tbe 
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nine  in  like  nuuiner  as  they  are  acoountable  for  the  money  by  them  ooUected  for  the  niicf 
of  the  poor,  and  shall  be  liable  to  the  like  pains  and  commitments  for  not  aooounting  for 
the  same,  and  to  the  like  distress  and  penalties  for  not  paying  the  monies  by  them  coU 
lected,  levied,  or  received,  and  renuuning  in  their  hands,  as  overseers  of  the  poor  are,  by  all 
or  anv  of  the  laws  of  this  land,  liable  to  for  not  accounting  for  or  not  paying  monies  col- 
leotea  by  virtue  of  any  rates  for  relief  of  the  poor. 

LXXXII.  And  whereas  the  several  offices  for  insuring  houses  against  loes  by  fire 
Wtmmm  n-  retain  in  their  several  services,  and  give  coats  and  badges  and  other  rewards 
!£SiSimMt  unto,  watermen,  for  the  service  and  assistance  in  and  towards  eztinguisfaing 
to  b*  impfwMd.  of  fire,  and  who  are  to  be  always  ready  when  wanted,  and  are  provided  with 
various  sorts  of  poles,  hooks,  hatchets,  and  severs]  other  instruments  and  things,  at  the 
charges  of  the  said  respective  insurance  oflfices,  for  the  extinguishing  of  fire,  which  water- 
men so  retained  are  by  experience  found  to  venture  much  further  and  to  have  skill  to  give^ 
and  do  give,  at  fires  happening  within  the  limits  aforesaid,  greater  help  than  other  persons 
not  used  to  come  into  duiger ;  be  it  ftirther  enacted  by  the  authority  aforesaid,  that  the 
watermen  for  the  time  being  so  retained  by  and  belonging  to  every  such  insumnce  oflice 
within  the  limits  aforesaid,  not  exceeding  thirty  for  och  ofiSce,  shall  be  free  firom  being 
impressed,  or  liable  to  be  compelled  to  go  to  sea,  or  serve  as  mariners,  or  as  soldiers  on 
land,  their  names  and  places  of  abode  being  roistered  and  entered  with  the  secretary  or 
other  officer  of  the  Admiralty  Office. 

LXXXII  I.  And  in  order  to  deter  and  hinder  ill-minded  persons  from  wilfully  setting 
MoMT  famiMd  on  ^^^  housc  or  houscs  or  other  buildings  on  fire,  with  a  view  of  gaining  to 
iMMiMtbtumt how  themselves  the  insurance  money,  whereby  the  lives  and  fortunes  of  many 
•o  iw  appited.  fiunilies  may  be  lost  or  endangered,  be  it  further  enacted  by  the  authori^ 
aforesaid,  that  it  shall  and  may  be  lawfril  to  and  for  the  respective  governors  or  directors  of 
the  several  insurance  offices  for  insuring  houses  or  other  buildings  against  loss  by  fire,  and 
they  are  hereby  authorised  and  required,  upon  the  request  of  any  person  or  persons  in- 
terested in  or  entitled  unto  any  house  or  houses  or  other  buildings  which  may  hereafter  be 
burnt  down,  demoluhed,  or  damaged  by  fire,  or  upon  any  ground  of  suspidon  that  the 
owner  or  owners,  occupier  or  occupiers,  or  other  person  or  persons,  who  shall  have  insured 
such  house  or  houses  or  other  buildings,  have  been  guilty  of  fraud  or  of  wilfully  setting 
their  house  or  houses  or  other  buildings  on  fire,  to  cause  the  insurance  money  to  be  laid 
out  and  expended,  as  for  as  the  same  will  go,  towards  rebuilding,  rdnstating,  or  repairing 
such  house  or  houses  or  other  buildings  so  burnt  down,  demolished,  or  damaged  by  fire, 
unless  the  party  or  parties  claiming  such  insurance  money  shall,  within  sixty  days  next 
after  his,  her,  or  their  claim  is  acgusted,  give  a  sufficient  security  to  the  governors  or 
directors  of  the  insurance  office  where  such  house  or  houses  or  other  buildings  are  insured 
that  the  same  insurance  money  shall  be  laid  out  and  expended  as  aforesaid,  or  unless  the 
said  insurance  money  shall  be  in  that  time  settled  and  dispossd  of  to  and  amongst  all  the 
contending  parties  to  the  satisfaction  and  approbation  of  such  governors  or  directors  of  such 
insurance  office  respectively. 

LXXXIV.  And  whereas  fires  often  happen  by  the  negligence  and  cardessness  of 
scrrutt  birem>  servants ;  be  it  therefore  enacted  by  the  authority  i&resaid,  that  if  any  menial 
b9Metoffo%t  or  other  servant  or  servants  through  negligence  or  carelessness  shall  fire  or 
pSmmhi  dfStMB  c^use  to  be  fired  any  dwelling-house  or  outhouse  or  houses  or  other  buildings, 
oMBtb*.  whether  within  the  limits  aforesaid  or  elsewhere  within  the  kingdom  of  Great 

Britain,  such  servant  or  servants,  l)eing  thereof  lawfully  convicted  by  the  oath  of  one  or 
more  credible  witness  or  witnesses  made  before  two  or  more  of  His  Migesty*s  justices  of  the 
peace,  shall  forfeit  and  pay  the  sum  of  one  hundred  pounds  unto  the  chnrehwardens  or 
overseers  of  such  parish  where  such  fire  shall  happen,  to  be  distributed  amongst  the 
sufferers  by  such  fire  in  such  proportions  as  to  the  said  churchwarden  shall  seem  just ;  and 
in  case  of  defiiult  or  refusal  to  pay  the  same  inunediately  after  such  conviction,  the  same 
being  lavrfuUy  demanded  by  the  said  chnrehwardens,  tiut  then  and  in  such  ease  such 
servant  or  servants  shall,  by  warrant  imder  ^e  hands  and  seals  of  two  or  more  of  His 
Mi^esty's  justices  of  the  peace,  be  committed  to  the  conmion  gaol  or  house  of  correction, 
as  the  said  justices  shall  think  fit,  for  the  space  of  eighteen  months,  there  to  be  kept  to  hard 
labour. 

LXXXV.  And  be  it  fbrther  enacted  bv  the  authority  aforesaid,  that  upon  the  breaking 
caDMabictand  out  of  any  fire  within  the  limits  afivresaid,  all  constables  and  beadles  upon 
SfJSr'n'frSM*  notice  thereof  shall  immediately  repair  to  the  place  where  the  said  fire  shall 
iBgaoBSn.  happen,  with  their  staves  and  other  badges  of  their  authority,  and  shaU  be 
aiding  and  assisting  as  well  in  extinguishing  the  said  fires  and  eauring  people  to  work  at 
the  engines,  as  ako  in  preventing  goods  being  stolen,  and  shall  seise  and  apprehend  all  ill- 
disposed  persons  that  they  shall  find  stealing  or  pilfering  from  the  inhabitants,  as  also  that 
the  said  constables  and  beadles  shall  give  their  utmost  assistance  to  help  the  inhabitants  to 
remore  their  goods. 

LXXXVI.  And  be  it  fbrther  enacted  by  the  authority  aforesaid,  that  no  aetion,  suit,  or 
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process  whatever  shall  be  had,  maintuned,  or  prosecuted  against  any  person  NoacUontoUe 
in  whose  house,  chamber,  stable,  barn,  or  other  building,  or  on  whose  estate,  ^|?^  kJ?*^ 
any  fire  shall,  after  the  said  twenty-fourth  day  of  June,  accidentally  begin,  acddmtoUy'* 
nor  shall  any  recompenoe  be  made  by  such  person  for  any  damage  suffered  ^''^°*' 
thereby,  any  law,  usage,  or  custom  to  the  contrary  notwithstanding :  and  in  such  case,  if 
any  action  be  brought,  the  defendant  may  plead  the  general  issue,  and  give  this  act  and  the 
special  matter  in  evidence  at  any  trial  thereupon  to  be  had;  and  in  case  the  plaintiff 
become  nonsuited,  or  discontinue  his  action  or  suit,  or  if  a  verdict  pass  against  him,  the 
defendant  shall  recover  treble  costs ;  provided  that  no  contract  or  agreement  made  between 
landlord  and  tenant  shall  be  hereby  defeated  or  made  void. 

L XXX VI  I.   And  be  it  further  enacted  by  the  authority  aforesaid,  that  where  any 
distress  shall  be  made  for  any  sum  or  sums  of  money  to  be  recovered  by  virtue  qi^„„  _^ 
of  this  act  the  distress  itself  shall  not  be  deemed  unlawful,  nor  the  party  or  lavftti  for  want 
parties  making  the  same  be  deemed  a  trespasser  or  trespassers,  on  account  of  '   ^' 

any  defect  of  form  in  any  proceedings  relating  thereto,  nor  shall  the  party  or  parties  be 
deemed  a  trespasser  or  trespassers  ab  initio  on  account  of  any  irregularity  afterwards  done 
by  the  party  or  parties  making  such  distress,  but  the  person  or  persons  aggrieved  by  such 
insularity  may  recover  ftill  satisfaction  for  the  special  damage  only  by  action  on  the  case, 
and  not  by  any  other  action  whatsoever. 

LX XXVIII.  Provided  always,  and  be  it  ftirther  enacted  by  the  authority  aforesaid, 
that  no  plaintiff  or  plaintifi&  shall  recover  in  any  action  for  any  such  irregu-  Fiainturnocto 
larity  or  other  proceedings  if  tender  of  sufficient  amends  be  made,  by  or  on  ^f^'j^ffl^.J^^if^*' 
the  behalf  of  the  party  or  parties  who  committed  or  caused  to  be  dbmmitted  anicixii  \m  made, 
any  such  irregularity  or  wrongftil  proceeding,  before  such  action  be  brought ;     '' 
and  in  case  no  such  tender  shall  have  been  made,  it  shall  and  may  be  lawftil  for  the  de- 
fendant or  defendants  in  any  such  action,  by  the  leave  of  the  court  where  such  action  shall 
depend,  at  any  time  before  issue  joined,  to  pay  into  the  court  such  sum  of  money  as  he  or ' 
they  shall  see  fit,  whereupon  such  proceedings  or  order  and  judgment  shall  be  had,  made,  or 
given  in  and  by  such  court  as  in  other  actions  when  the  defendant  is  allowed  to  pay  money 
into  court. 

LXXXIX.   And   whereas  by  the  said  recited  act  of  the  twelfth  year  of  his  present 
Majesty's  reign  various  penalties  are  inflicted  upon  persons  who  should  offend  pnaecutioiu  on 
against  the  said  act :  and  whereas  since  the  passing  the  said  act  there  has  been  dk^'amdmi^'* 
a  great  increase  of  buildings  within  the  limits  aforesaid,  and  many  of  such  amendinKbuUd- 
buildings  are  not  in  every  respect  built  according  to  the  directions  of  the  said  i!!S^i!^as>haii 
act,  whereby  %'arious  penalties  have  been  incurred,  and  several  persons  are  or  twodrSi«wr- 
may  be  under  prosecution  for ,  the  same :  and  whereas  the  owners  of  such  ^^ron. 
buildings,  and  several  builders  or  workmen  employed  therein,  are  respectively  willing  to 
make  the  same  as  secure  against  fire,  and  as  conformable  to  the  directions  contained  in  this 
act,  as  the  nature  of  each  case  will  admit ;  be  it  therefore  enacted  by  the  authority  afore^ 
said,  that  in  every  action,  bill,  plaint,  suit,  or  information  now  depending  or  that  shall 
hereafter  depend  in  any  of  His  Majesty's  courts  of  record  at  Westminster  against  any  such 
owner,  builder,  or  workman,  or  person  or  persons  caudng  any  such  building  to  be  erected 
or  built,  or  any  other  person  or  persons,  for  the  recovery  of  any  penalty  incurred  or  sup- 
posed to  be  incurred  by  the  said  act,  it  shall  be  lawful  for  the  court  where  the  same  is  or 
may  be  depending,  and  such  court  b  hereby  required  and  empowered,  on  the  application 
of  the  respective  defendants,  to  make  a  rule  for  the  plaintiff  in  any  such  action,  bill,  plaint, 
suit,  or  information  to  deliver  to  such  defendant  or  defendants,  or  his,  her,  or  their  attorney 
in  the  cause,  an  account  in  writing,  under  the  hands  of  the  plaintiff  or  his  attorney,  of  the 
particular  defect  or  irregularity  in  every  such  building  whereby  each  penalty  is  incurred 
or  supposed  to  be  incurred,  and  to  make  an  order  for  staying  the  proceedings  in  such  action, 
suit,  or  information,  until  such  account  in  writing  shall  be  delivered  ;  and  after  such  account 
shall  have  been  delivered  as  aforesaid,  it  shall  and  may  be  lawftil  to  and  for  such  defendant 
or  defendants  either  to  defend  such  action  or  actions  as  if  this  act  had  not  been  made,  or 
otherwise,  in  case  he  ox  they  shall  not  choose  to  defend  the  same*  to  enter  into  a  rule  of  the 
same  court  for  making  good  or  reforming  such  irregularities  and  defects  (if  any),  and  for 
rendering  such  building  as  secure  against  fire,  and  as  conformable  to  the  directions  of  this 
act,  in  such  manner  and  within  such  time  as  two  or  more  of  the  surveyors  herein-before 
directed  to  be  appointed  in  the  county,  city,  or  liberty  wherein  the  same  is  situate  shall  by 
any  writing  under  their  hands  direct  and  appoint ;  and  upon  such  rule  being  1^,1^  |^^  ^. 
entered  into  by  such  defendant  or  defendants,  and  on  payment  to  the  plaintiff  tewd  intoity 
of  the  costs  in  such  action,  suit,  or  information,  to  be  taxed  by  the  proper  procccdinga  to  b* 
officer  of  such  court,  the  said  court  shall  order  all  further  proceedings  to  be  '^^  ' 
stayed  in  such  action,  suit,  or  information  until  the  time  appointed  by  the  said  surveyors 
for  the  purposes  aforesaid  shall  be  expired  ;  and  after  the  expiration  thereof,  such  court  is 
hereby  required  and  empowered,  on  application  or  motion  by  or  on  the  behalf  of  such  owner, 
builder,  or  workman,  or  other  person  or  persons  aforesaid,  and  on  proof  by  affidavit  to  the 
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satufaction  of  nich  court  that  the  defects  an4  irregularities  complained  of  are  made  good  or 
reformed,  and  the  building  of  such  house  or  houses  rendered  as  secure  against  fire,  and  as 
conformable  to  the  directions  of  this  act,  in  such  manner  and  within  such  time  as  such  two 
or  more  of  the  said  sunreyors  or  superrisors  shall  have  appointed  by  such  writing  as  afore- 
said, to  order  proceedings  to  be  peremptorily  stayed  in  such  action,  suit,  or  informatiaa ; 
^  ^^  .  and  the  defendant  or  defendants  shall  from  thenceforth  be  for  ever  indemnified 
dmanifiad  from  and  discharged  oi,  firom,  and  against  all  penalties  and  forfeitures  incurred  or 
■ufcrMMra.te.  ^^  ^  incurped  for  or  by  reason  of  not  baring  originally  built  such  party- walls 
or  buildings  pursuant  to  the  directions  of  the  said  act,  or  for  or  by  reason  of  any  oCber  de- 
fect or  irregularity  whereby  such  houses  or  party*walls  are  otherwise  built  than  pursuant 
to  such  directions,  any  thing  in  the  said  act  contained  to  the  contrary  notwithstanding. 

XC  Provided,  that  if  no  such  application  shall  be  made  to  court  before  the  end  of  the 

next  term  after  the  expiration  <»f  such  time  as  shall  be  appointed  by  the  said 

surveyors  as  aforesaid  for  the  purposes  aforesaid,  or  if  upon  such  appUcation  as 
aforesaid  such  proof  shall  not  be  made  by  the  defendant  or  defendsints  to  the  satisfaction 
of  the  said  court  as  aforesaid,  then  the  said  plaintiff  or  plaintiff^  shall  be  at  liberty  to  pro- 
ceed in  such  suit  as  if  this  act  had  not  been  made. 

XCI.  And  it  is  ftirther  declared  by  the  authority  aforesaid,  that  the  court  or  courts 
HovUMcnut  ^lic'e  any  such  rule  as  aforesaid  shall  be  entered  into  pursuant  to  the  diree- 
•jMUpneMd  tions  in  this  act  contained  shall  and  are  hereby  required  to  proceed  against  the 
•hau  uTittni  party  or  parties  who  shall  have  entered  into  any  such  rule,  and  have  refuaed 
iBt«»  Aw.  ^^  n^lected  to  perform  the  same,  as  for  a  contempt  of  the  said  court,  and 

shall  on  motion  issue  the  like  process  of  attachment,  or  otherwise,  as  is  usually  issued 
against  any  suitor  or  suitors  of  such  court  for  contempt  of  a  rule  of  court. 

XCII.  Prorided  always,  that  this  act  or  anything  herein  contained  shall  not  extend  to 
TTiii  III  iiitiiiUu  indemnify  any  person  against  whom  final  judgment  shall  have  been  given 
igwylgrpwMM  before  the  passing  of  thii  act  in  any  action  of  debt,  bill,  plaint,  or  information 
jDdgaMntdMiiiM  in  any  of  His  J^esty's  courts  of  record,  grounded  on  the  sud  act  made 
ii*«n.te.  '^  ^1^^  twelfth  year  of  his  present  M^esty's  reign,  fbr  the  recovery  of  any 

penalty  inflicted  by  the  said  act. 

XCI  1 1.  And  whereas  since  the  passing  the  said  act  made  in  the  twelfth  year  of  his 
imffotertaiid-  present  Migesty's  reign  many  houses  and  other  buildings  have  been  erected 
i7%^iii7i,*iJJ*  within  the  limits  aforesaid  not  conformable  to  the  regulations  of  the  said  act, 
HJIJlJjIj;^^,^  but  no  prosecutions  have  been  and  probably  may  not  be  commenced  against 
imffuunrpra.  the  builders  thereof:  and  whereas  it  is  reasonable  that  the  same  should  be 
iSSfwi.  thaygh  made  as  secure  against  fire  and  as  conformable  to  the  directions  in  this  act  as 
hambMnm.  the  nature  of  each  case  will  admit :  and  whereas  wooden  buildings  have  been 
■*~**^  erected  on  the  tops  and  other  parts  of  houses,  and  many  bow-windows  and 

projections  have  been  made,  contrary  to  the  said  act,  though  no  prosecutions  have  been 
nor  may  probably  be  commenced  for  any  penalties  thereby  incurred :  and  whereas  such 
wooden  buildings  as  have  been  so  erected  on  the  tops  or  other  parts  of  the  said  houses,  and 
such  bow-windows  or  projections,  ought  to  be  taken  down  and  removed,  or  some  alter- 
ations or  amendments  ought  to  be  made  therein ;  be  it  therefore  enacted  bv  the  authority 
aforesaid,  that  if  any  three  or  more  surveyors  or  supervisors,  to  be  appointea  and  sworn  in 
manner  herein-bcfore  directed,  shall  certify  in  writing  under  their  hands  to  the  court  of 
mayor  and  aldermen  of  the  city  of  London,  or  to  the  court  of  quarter  sessions  within  whose 
jurisdiction  any  such  house  or  building  is  situated,  that  any  house  or  building  has  been 
erected  since  the  passing  the  said  act  within  the  limits  aforesaid  not  conformable  to  the 
said  act,  or  that  any  such  wooden  building  has  been  erected  on  the  tops  or  other  parts  of 
houses,  or  that  any  bow- windows  or  projections  have  been  made  contrary  to  the  said  act, 
for  which  no  prosecutions  have  been  commenced,  so  as  to  bring  them  witiiin  the  provision 
herein-before  made  respecting  the  same,  and  shall  certify  in  what  manner  the  same  may  be 
Coon  lo  mafctaa  rdormcd,  it  shall  be  lawful  for  the  said  court  of  mavor  and  aldermen  or  court 
^J^u!Z^r"'  of  quarter  sessions  respectively  within  whose  jurisdiction  the  said  house  or 
Vf9l^'»iti'»'  building  or  bow-window  or  projection  is  situated,  if  they  think  fit,  to  make 
an  order  for  amending  or  reforming  such  house  or  building  accordingly,  and  for  making 
the  same  more  secure  against  fire,  or  more  nearly  confimnable  to  the  regulations  of  this 
act,  and  for  taking  down  and  removing  or  for  altering  or  amending  such  wooden  buildings 
and  such  bow-windows  or  projections  as  aforesaid  by  the  master  builder  or  master  brick- 
layer or  master  workman  or  person  who  caused  the  same  to  be  erected,  who  shall  be  ex- 
ordmt  b*  fliad  P'^^X  "a™^  ^^  tuch  ordcT ;  and  every  such  order  of  the  said  court  of  mayor 
and  aldermen  or  court  of  sessions  shall  be  by  the  town  clerk  of  the  city  of 
London,  or  by  the  clerk  of  the  peace,  (as  the  case  may  be,)  entered  and  filed  as  of  record 
in  the  said  court  where  such  order  was  made,  for  the  entry  and  filing  whereof,  and  for 
every  copy  therectf,  the  said  town  clerk  or  clerk  of  the  peace  shall  be  paid  by  the  person 
applying  for  the  same  the  sum  of  one  shilling  and  no  more  if  the  same  do  not  exceed  one 
hundred  words,  and  if  the  same  exceed  one  hundred  words,  then  after  the  rate  and  pro- 
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portion  of  one  shilling  for  every  one  hundred  words ;  and  a  copy  of  the  said  order  shall  be 
delivered  to  the  said  person  or  persons  in  the  said  order  nam«i,  or  shall  be  left  at  his  or 
their  last  or  usual  place  of  abode,  or  with  the  tenant  in  possession  of  the  house  or  building 
in  the  same  order  mentioned,  or  shall  be  affixed  upon  the  door  or  other  notorious  part  of  the 
said  house  or  building ;  and  within  the  space  of  nine  months  next  after  the  imniiadt  to  be 
copy  of  such  order  shall  have  been  so  delivered  or  left  or  affixed  as  aforesaid  nflmmd^tbin 
the  said  person  or  persons  therein  named  shall  make  good  all  the  defects  and  twin  S%^  *" 
irregularities  in  such  order  specified,  and  either  take  down  and  entirely  re-  *'*'**"'* 
move  such  wooden  building  or  buildings  or  bow- window  or  projection,  or  otherwise  alter, 
reform,  or  amend  the  same  in  such  manner  as  shall  be  directed  by  such  order ;  and  in  case 
the  said  order  shall  not  in  all  respects  be  fully  performed  and  executed  within  the  space  of 
nine  months  next  after  the  copy  thereof  shall  have  been  so  delivered  or  left  or  affixed  as 
aforesaid,  then  the  person  or  persons  therein  named,  being  the  master  builder,  master  brick- 
layer, or  master  workman,  or  other  person  or  persons  who  caused  such  house  or  building 
or  bow-window  or  projection  to  be  erected,  shall  forfeit  the  sum  of  fifty  pounds,  to  be  re- 
covered and  applied  in  like  manner  as  the  penalties  herein-before  inflicted  for  distiUing  a 
larger  quantity  of  turpentine  together  than  is  by  this  act  allowed,  in  places  not  allowed  by 
this  act,  are  herein-before  directed  to  be  recovered  and  applied,  and  so  Mies  quoHet  for 
every  nine  months  that  such  delects  and  irregularities  shall  continue,  and  such  house  or 
other  building  or  bow-window  or  projection  shall  remain  built  otherwise  than  conformable 
to  the  directions  in  such  order  contained. 

XCIV.  And  whereas  several  informations  may  have  been  commenced  before  the  said 
mayor  of  London  and  justices  of  the  peace  for  recovering  penalties  or  forfeitures  PHwenticm  de- 
incurred  by  the  said  Act  made  in  the  twelfth  year  of  his  present  Majesty's  JSSnattS^ 
reign,  and  the  same  or  some  of  them  may  be  still  dependii^  before  the  said  f^  diKimiad. 
mayor  and  justices  out  of  session,  and  other  such  informations  may  be  depending  before 
the  justices  in  the  said  respective  quarter  sessions  of  the  peace,  by  appeal  or  otherwise ;  be 
it  enacted  by  the  authority  aforesaid,  that  the  several  defendants  in  all  and  every  such 
informations  shaU  be  and  are  by  the  authority  of  this  act  discharged,  acquitted,  and 
indemnified  from  and  against  all  such  informations ;  and  the  said  mayor  and  justices  shall 
acquit  and  discharge  them  of  and  from  the  same  accordingly. 

XCV.  And  be  it  further  enacted  by  the  authority  aforesaid,  that  no  order  which  shall 
be  made  by  the  mayor  of  the  city  of  London  for  the  time  being,  or  by  any  Noonicrorthe 
justice  or  justices  of  the  peace,  by  virtue  of  or  under  this  act,  or  any  other  mivoror  justice, 
proceeding  to  be  had  touching  the  conviction  of  any  offender  or  offenders  iBK.tob«Mr!^ll^ 
against  this  act,  shall  be  removed  or  removeable  by  certiorari  or  any  other  ^  <=*'**<**rt* 
writ  or  process  whatsoever  into  any  of  His  Mi^esty*s  courts  of  record  at  Westminster. 

XCVI.  And  be  it  further  enacted  by  the  authority  aforesaid,  that  if  any  person  or 
persons  think  him,  her,  or  themsdves  aggrieved  by  any  conviction,  commit-  Apped  may  be 
ment,  distress,  order,  or  judgment  of  the  mayor  of  the  city  of  London  for  the  j^^^  u^ 
time  being,  or  of  any  justice  or  justices  of  the  peace,  made  out  of  sessions  by  v»»**»  Hidons. 
virtue  of  this  act,  such  person  or  persons  mav  appeal  to  the  justices  of  the  peace  at  their 
general  quarter  sessions  of  the  peace  to  be  holden  in  and  for  the  city  of  London  and  liber- 
ties thereof  the  counties  of  Middlesex  or  Surrey,  the  city  and  liberty  of  Westminster,  or 
the  liberties  of  His  Majesty*»  Tower  of  London,  (as  the  case  may  be,)  which  shall  be  holden 
next  after  such  conviction,  commitment,  distress,  order,  or  jud^nent,  who  shall  proceed  to 
hear  and  examine  on  oath  into  the  causes  and  matters  of  such  appeal,  (which  oath  or  oaths 
they  are  hereby  empowered  to  administer,)  and  shall  determine  the  same,  and  award  such 
costs  to  the  party  or  parties  appealing  or  appealed  against  as  they  shall  think  proper,  and 
the  order,  judgment,  and  determination  of  the  said  justices  in  their  respective  sessions  shall 
be  binding  and  conclusive  to  all  parties. 

XCVII.  Provided  always,  and  be  it  further  enacted  by  the  authority  aforesaid,  that  the 
person  or  persons  so  intending  to  appeal  shall  immediately  after  such  convic- 
tion,  commitment,  distress,  order,  or  judgment,  or  within  two  days  afterwards,  '^ 
enter  into  a  recognizance  to  the  partv  or  parties  appealed  against,  before  such  justice  or 
justices  of  the  peace,  with  two  sufficient  securities,  conditioned  to  try  such  appeal,  and  to 
abide  the  order  of  and  pay  to  the  party  or  parties  appealed  agunst  such  costs  (if  any)  as 
shall  be  awarded  agunst  him,  her,  or  them  by  the  sessions  respectively. 

XCVI  1 1.  And  be  it  further  enacted  by  the  authority  aforesaid,  that  the  parishioners 
and  inhabitants  of  the  parish,  prednct,  or  place  where  any  offence  against  this  puiahionen  maj 
act  shall  be  committed  shall  be  allowed  to  be  competent  witnesses  on  the  ^  «ft"««w* 
trial,  or  otherwise,  in  any  action,  bill,  plaint,  or  ii^ormation  in  any  of  the  said  courts 
of  record,  or  at  or  upon  the  hearing  and  determination  of  any  information  before  the  mayor 
of  London,  or  other  justice  of  the  peace,  for  or  concerning  any  offence  or  offences  against 
this  present  act,  notwithstanding  his,  her,  or  their  being  a  parishioner  or  parishioners,  in- 
habitant or  inhabitants,  in  such  parish,  precinct,  or  place. 

XCIX.  Provided  always,  that  no  action  or  prosecution  shall  be  brought  or  commenced 
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Umit  uoB  of       Agiunst  any  person  or  persons  for  any  penalty  or  forfeiture  inflicted  or  in- 
•etkfM  far  curred  by  this  act  unless  the  same  shall  be  commenced  within  six  calendar 

''*°*'*'**'  months  next  after  such  forfeiture  shall  have  been  incurred. 

C.  And  be  it  further  enacted  by  the  authority  aforesaid,  that  no  action  or  suit  shall  be 
Liroitatton  of  Commenced  against  any  person  or  persons  for  any  thing  done  in  pursuance  of 
pmm  utiiiff  ^^^  '^^  until  twenty-one  days  after  notice  in  writing  of  an  intention  to  bring 
under  thm  act.  gueh  action  or  suit  has  been  given  to  the  person  or  persons  against  whom 
such  action  or  suit  shall  be  brought,  nor  after  the  expiration  of  three  calendar  months  next 
after  the  &ct  committed ;  and  erery  such  action  or  suit,  the  cause  whereof  shall  arise 
within  the  said  city  of  London  or  the  liberties  thereof^  shall  be  lud  and  tried  in  the  said 
city  of  London  and  not  elsewhere,  and  every  such  action  or  suit,  the  cause  whereof  shall 
arise  in  any  part  of  the  limits  aforesaid  out  of  the  said  ciW  of  London  and  liberties  thereof 
G«Mr^  taM     *^^  ^  ^^^  '^^  tried  in  the  county  of  Middlesex,  and  not  elsewhere ;  and  the 

defendant  or  defendants  in  every  such  action  or  suit  may  plead  the  general 
issue,  and  give  this  act  and  the  special  matter  in  evidence,  at  any  trial  or  trials  to  be  had 
thereupon,  and  that  the  matter  or  thing  for  which  such  action  or  suit  is  brought  was  done 
in  pursuance  and  by  the  authority  of  this  act ;  and  if  the  said  matter  or  thing  appear  to 
have  been  so  done,  or  if  it  appear  that  such  action  or  suit  was  brought  before  the  expiratiao 
of  twenty-one  davs  after  such  notice  given  as  aforesaid,  or  that  sufficient  satisfiiction  was 
made  or  tendered  before  such  action  was  brought,  or  if  any  such  action  or  suit  be  not  com- 
menced within  the  time  herein  for  that  purpose  limited,  or  be  laid  in  any  other  county  or 
place  than  as  aforesaid,  then  the  jury  in  every  such  action  or  suit  shall  find  fen*  the  defend- 
ant or  defendants  therein ;  and  if  a  verdict  be  found  for  the  defendant  or  defendants,  or  if  the 
plaintiff  or  plaintiffs  in  any  such  action  or  suit  become  nonsuited,  or  discontinue  or  suffer  a 
discontinuance  of  any  such  action  or  suit,  or  if  in  any  such  action  or  suit  judgment  be  given 
for  the  defendant  or  defendants  therein  on  demurrer  or  by  defeult  or  otherwise,  then  and  in 
any  of  the  cases  aforesud  the  defendant  or  defendants  shall  have  judgment  to  recover  treble 
costs  of  suit,  and  shall  have  such  remedy  for  recovering  the  same  as  any  defendant  or  de- 
fendants may  have  for  costs  in  other  cases  by  law. 

CI.  And  be  it  further  enacted,  that  from  and  after  the  said  twenty-fourth  day  of  June, 
Re)waUii|{  ibnncr  ^'^^  thousand  sevcu  hundred  and  seventy-four,  the  said  act  passed  in  the  twelfth 
m^pSurtTMUa,  ^^^  °^  *^*  reign  of  his  present  Majesty,  intituled  "An  act  for  the  better  rega- 
rcRuiaiinic  oT  lation  of  buildiugs  and  party-walls  within  the  cities  of  London  and  Westminster, 
Troti4%S%c&  and  the  liberties  thereof^  and  other  the  parishes,  precincts,  and  places  in  the 
by  fin,  &c.  weekly  bills  of  mortality,  the  parishes  of  Saint  Mary-le-bone  and  Paddington, 

Saint  Paneras,  and  Saint  Luke  at  Chelsea,' in  the  county  of  Middlesex  ;  and  for  the  better 
preventing  of  mischiefs  by  fire  within  the  said  cities,  liberties,  parishes,  precincts,  and  places ; 
and  for  amending  and  reducing  the  laws  relating  thereto  into  one  act;  and  for  othor 
purposes,"  shall  be  and  the  same  is  hereby  repealed ;  but  nevertheless  so  much  of  an  act 
i9C»  II  e  3    ^^^  ^  ^^  nineteenth  year  of  the  reign  of  his  late  Mi^esty  King  Charles  the 

Second,  intituled  **An  act  for  rebuilding  the  city  of  London,**  as  relates  to  the 
regulating  buildings  and  party- walls ;    and  an  act  made  in  the  sixth  year  of  the  reign 

of  her  late  Majesty  Queen  Anne,  intituled  **An  act  for  the  better  preventing 
'  mischiefe  that  may  happen  by  fire ; "  also  an  act  made  in  the  seventh  year  of 

the  reign  of  her  said  late  Majesty,  intituled  **An  act  for  making  more  eflectual 

"°*'  ^'    '    an  act  made  in  the  sixth  year  of  Her  Migesty*s  reign,  for  the  b^ter  preventing 

of  mischiefs  that  may  happen  by  fire ;  **  also  so  much  of  an  act  made  in  the  eleventh  year 

of  the  reign  of  his  late  Migesty  King  George  the  First,  intituled  "An  act  fin' 

the  better  regulating  of  buildings,  and  to  prevent  mischiefs  tluit  may  happen 
by  fire,  within  the  weekly  bills  of  mortality,  and  other  places  therein  mentioned,"  as  relates 
to  regulating  buildings  and  party- walls ;  also  so  much  of  an  act  made  in  the  thirty- third 

year  of  the  reign  of  his  late  Migesty  King  George  the  Second,  (intituled  ^  An 
^    *    '  '^*    '  act  for  widening  certain  streets,  lanes,  and  passages  within  the  city  of  London 
and  liberties  thereof,  and  for  o|)ening  certain  new  streets  and  ways  within  the  same,  and 
for  other  purposes  therein  mentioned,*')  as  relates  to  the  regulating  of  buildings  and  party- 
walls,  and  preventing  mischiefe  that  may  happen  by  fire ;  also  so  much  of  an  act  made  in 

the  fourth  year  of  the  reign  of  his  present  Migesty  (intituled  "An  act  for  the 

4G. II I.e.  14.  i^^^j.  regulating  of  buildings,  and  to  prevent  mischiefe  that  may  happen  by 

fire,  within  the  weekly  bills  of  mortality,  and  other  places  therein  mmtioned,)  as  relates  to 

the  regulating  of  buildings  and  party- walls,  and  preventing  mischiefe  happening  by  fire ; 

also  so  much  of  an  act  made  in  the  sixth  year  of  his  present  Migesty*8  reign,  (intituled 

"  An  act  to  explain,  amend,  and  render  more  effectual  the  powers  of  an  act 
6  o.  III.  e.  «7.  ^^^^  .^  ^Yie  thirty-third  vear  of  the  reign  of  his  late  Majesty,  intituled  'An  act 
for  widening  certain  streets,  lanes,  and  passages  wiUiin  the  city  of  London  and  liberties 
thereof,  and  for  opening  certain  new  streets  and  ways  within  the  same,  and  for  other 
purposes  therein  mentioned,' ")  as  relates  to  the  regulating  of  buildings  and  party- walls ; 
also  so  much  of  another  act  made  in  the  said  siztb  year  of  lus  present  Migesty's  reign 
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(intituled  **  An  act  to  explain,  amend,  and  render  more  effectual  an  act  made 

in  the  fourth  year  of  his  present  Majesty's  reign  for  the  better  regulating  of  *  **' "''  ^'  ^' 

buildings,  and  to  prevent  mischiefs  that  may  happen  by  fire,  within  the  weekly  bills  of 

mortality,  and  other  places  therein  mentioned,**)  as  relates  to  the  regulating  of  buildings 

and  party-walls,  and  preventing  mischiefs  tliat  may  happen  by  fire,  shall  be  and  continue 

repealed. 

CI  I.   And  be  it  further  enacted  by  the  authority  aforesaid,  that  this  act  shall  be 
deemed  and  taken  to  be  a  public  act,  and  shall  be  judicially  taken  notice  of 
as  such   by  all  judges,  justices,   and   other  persons  whomsoever,  without     ''°*^'^ 
specially  pleading  the  same. 


We  here  think  it  right  to  reprint  another  Act  of  Parliament,  which  has  lately  come  into 
operation,  and  which,  as  it  subjects  builders  to  penalties  for  deviating  from  the  method 
therein  prescribed  for  building  flues,  is  to  them,  as  well  as  to  the  architect,  of  considerable 
importance.     It  b  the  3  &  4  Vict.  c.  85.,  being  intituled 

An  Act  for  the  regulation  of  chimney-sweepers  and  chimneys. 

Whereas  an  act  was  passed  in  the  fiflh  year  of  the  reign  of  his  late  Majesty,  intituled  *<  An 
Act  for  the  better  regulation  of  chimney-sweepers  and  their  apprentices,  and  4&6W.  iv. 
for  the  safer  construction  of  chimneys  and  flues,"  to  continue  in  force  until  the  ^'  ^• 
first  day  of  January  in  the  year  one  thousand  eight  hundred  and  forty,  and  from  thence 
until  the  end  of  the  then  next  session  of  Parliament ;  be  it  enacted  by  the  Queen's  most  ex- 
cellent Majesty,  by  and  with  the  advice  and  consent  of  the  lords  spiritual  and  temporal,  and 
commons,  in  this  present  parliament  assembled,  and  by  the  authority  of  the  Coaunnanre  or 
same,  that  the  said  act  shall  continue  and  remain  in  fUll  force  until  the  first  i,%i,  ^'  '^' 
day  of  July  in  the  year  one  thousand  eight  hundred  and  forty-two. 

II.  And  be  it  enacted,  that  from  and  after  the  first  day  of  July  in  the  year  one  thousand 
eight  hundred  and  forty-two,  any  person  who  shall  compel  or  knowingly  allow  Pmaity  for  com- 
any  child  or  young  person  under  the  age  of  twenty-one  years  to  ascend  or  de-  Ew  %^bni'ir* 
scend  a  chimney,  or  enter  a  flue,  for  the  purpose  of  sweeping,  cleaning,  or  coring  ***""**  cWmncyi. 
the  same,  or  for  extinguishing  fire  therein,  shall  be  liable  to  a  penalty  not  more  than  ten 
pounds  or  less  than  five  pounds. 

III.  And  be  it  enacted,  that  from  and  after  the  passing  of  this  act  it  shall  not  be  lawful 
to  apprentice  to  any  person  usintr  the  trade  or  business  of  a  chimney-sweeper  NodtOd  under 
any  child  under  the  age  of  sixteen  years,  and  that  every  indenture  of  such  be  Bppraitfced 
apprenticeship  which  may  be  entered  into  after  such  date  shall  be  null  and  %l^^' 
void. 

I V.  And  be  it  enacted,  that  upon  the  application  of  any  child  apprenticed  to  any  person 
using  the  trade  or  business  of  a  chimney-sweeper,  at  any  time  after  the  first  day  Apmcntiea  nuy 
of  July  one  thousand  eight  hundred  and  forty-one,  and  previously  to  the  first  ^^^'*^' 
day  of  July  one  thousand  eight  hundred  and  forty-two,  to  any  justice  of  the 

peace  having  jurisdiction  where  the  master  or  mistress  of  such  child  shall  reside,  it  shall  be 
lawful  for  such  justice  to  summon  such  master  or  mistress  to  appear,  at  a  reasonable  time 
to  be  named  in  the  summons,  not  being  sooner  than  seven  days  from  the  time  of  granting 
the  summons,  before  any  two  justices  having  jurisdiction  as  aforesaid ;  and  upon  proof  made 
upon  oath,  to  the  satisfiustion  of  the  justices  by  whom  the  case  shall  be  heard,  that  such 
apprentice  is  desirous  of  being  discharged  firom  his  or  her  apprenticeship,  it  shall  be  lawful 
for  such  justices  forthwith  to  discharge  such  apprentice  by  warrant  under  their  hands  and 
seals,  for  which  warrant  no  fees  shall  be  paid ;  and  no  writ  of  certiorari  or  other  process 
shall  issue  to  remove  any  proceedings  under  this  enactment  into  any  of  Her  Majesty's 
superior  courts  of  record  in  England  or  Ireland,  or  into  the  court  of  session  in  Scotland. 

V.  And  be  it  enacted,  that  from  and  after  the  first  day  of  July  one  thou-  indentiiret  or 
sand  eight  hundred  and  forty-two  all  existing  indentures  of  apprenticeship  to  dstcoMmto 
the  trade  or  business  of  a  chimney-sweeper  of  any  child  who  shall  then  be  un-  j^ff42/'* 
der  the  age  of  sixteen  years  shall  be  null  and  void. 

VI.  And  whereas  it  is  expedient,  for  the  better  security  from  accidents  by  fire  or  other- 
wise, the  improved  construction  of  chimneys  and  flues  provided  by  the  said  act  Rcguiatiiw  om- 
be  continued ;  be  it  enacted,  that  all  withs  and  partitions  between  any  chimney  "mJ^^/ 

or  flue  which  at  any  time  after  the  passing  of  this  act  shall  be  built  or  rebuilt 
shall  be  of  brick  or  stone,  and  at  least  equal  to  half  a  brick  in  thickness ;  and  every  breast- 
back  and  with  or  partition  of  any  chimney  or  flue  hereafter  to  be  built  or  rebuilt  shall  be 
built  of  sound  materials,  and  the  joints  of  the  work  well  filled  in  with  good  mortar  or 
cement,  and  rendered  or  stuccoed  within ;  and  also  that  every  chimney  or  flue  hereafter 
to  be  built  or  rebuilt  in  any  wall,  or  of  greater  length  than  four  feet  out  of  the  wall,  not 
being  a  circular  chimnev  or  flue  twelve  inches  in  diameter,  shall  be  in  every  section  of  the 
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•ame  not  less  than  fourteen  inches  by  nine  inches ;  and  no  chimney  or  flue  shall  be 
structed  with  any  angle  therein  which  shall  be  less  obtuse  than  an  angle  of  one  hundred 
and  twenty  degrees,  except  as  is  herein-after  excepted ;  and  every  salient  or  projecting  angle 
in  any  chimney  or  flue  shall  be  rounded  off  four  inches  at  the  least,  upon  pain  at  foifetture* 
by  every  master  builder  or  other  master  worknuui  who  shall  make  or  cause  to  be  made  such 
chimney  or  flue,  of  any  sum  of  not  less  than  ten  pounds  nor  exceeding  fifty  pounds :  pro« 
vided  nevertheless,  that  notwithstanding  this  act  chimneys  or  flues  may  be  built  at  angles 
with  each  other  of  ninety  degrees  and  more,  such  chimneys  or  flues  having  therein  proper 
doors  or  openings  not  less  than  six  inches  square. 

VI  I.  And  be  it  enacted,  that  all  convictions  for  penalties  for  any  ofience  against  this  act 
Biibra  whom  ^^7  ^  ^"^  before  two  or  more  justices  of  the  peace  acting  for  the  county, 
mvj^tiau  miqr  riding,  city,  borough,  division,  or  place  where  the  offence  shall  happen,  or  be- 
Pmaittohow  ^^'^  ^^®  sheriff  or  stewart  of  any  county  or  stewartry  in  Scotland ;  and  such 
toteieviad and  penalties,  and  the  costs  and  charges  attending  the  recovery  thereof,  shall  be 
'  levied  by  distress  and  sale  of  the  goods  and  chattels  of  the  offender  or  person 

liable  or  ordered  to  pay  the  same  respectively,  by  warrant  under  the  hands  and  seals  of  two 
or  more  of  the  said  justices,  or  under  the  hand  of  any  such  sheriff*  or  stewart,  rendering  the 
0%'erplus  of  such  distress  and  sale  (if  any)  to  the  party  or  parties,  after  deducting  the  charge 
of  making  the  same,  which  warrant  such  justices  or  sheriffs  or  Stewarts  are  hereby  em- 
powered and  required  to  grant,  upon  convicticm  of  the  offender  by  confession,  or  oath  of  one 
or  more  credible  witness  or  witnesses ;  and  the  penalties,  costs,  and  charges,  when  so  levied, 
shall  be  paid,  the  one  half  to  the  informer,  and  the  other  half  to  the  overseers  or  managers 
of  the  poor  of  the  parish,  township,  or  place  where  the  offender  shall  dwell  and  inhabit,  to 
be  by  such  overseers  or  managers  applied  in  aid  of  the  rate  or  assessment  nused  for  the 
relief  of  the  poor  of  such  parish,  township,  or  place,  and  in  Scotland,  in  parishes  where 
there  shall  be  no  assessment  for  the  relief  of  the  poor,  as  the  said  managers  shall  direct,  or 
to  Her  Majesty  in  case  there  shall  be  no  such  overseer  or  manager. 

VIII.  And  be  it  enacted,  that  the  justices  of  the  peace  or  sheriffs  or  Stewarts  by  whom 
In  dcCkoit  or  any  person  shall  be  convicted  and  adjudged  to  pay  any  sum  of  money  for  any 
P^^the  offence  against  this  act  may  adjudge  that  such  person  shall  pay  Uie  same, 
So^'MDrto^'*'  together  with  costs,  either  immediately  or  within  such  period  as  the  said 
prtMn.  justices  shall  think  fit ;  and  that  in  default  of  pa3rm«At  at  the  time  appointed 
such  person  shall  be  imprisoned  in  the  comm<m  gaol  or  house  of  correction  (with  or  with- 
out hard  labour),  as  to  the  said  justices  or  sherifB  or  Stewarts  shall  seem  me^  for  any  time 
not  exceeding  two  calendar  months ;  the  commitment  to  be  determinable  upon  payment  of 
the  amount  of  the  penalty  and  costs. 

IX.  And  be  it  enacted,  that  no  inhabitant  of  any  parish,  township,  or  place  shall  be 
inhabitanu  not  deemed  an  incompetent  witness  in  any  suit,  action,  information,  complaint, 
mMM^ftlmon'  i^PP^y  prosecution,  or  proceeding,  to  be  had,  made,  prosecuted,  or  carried  on 
tapajiBgnim.  under  the  authority  of  this  act,  for  any  offence  committed  within  such  pariah, 
township,  or  place,  by  reason  of  such  person  being  rated  or  assessed  to  or  liable  to  be  rated 
or  assessed  to,  or  being  otherwise  interested  in  the  rates  or  assessments  of  any  such  pari^, 
township,  or  place. 

X.  And  be  it  enacted,  that  where  any  distress  shall  be  made  for  any  sum  or  sums  of 
DMnnnottofae  mouey  to  bc  levied  by  virtue  of  this  act  the  distress  itself  shall  not  be  deemed 
^na^^ani««4tai  unlawful,  nor  the  party  or  parties  making  the  same  be  deemed  a  tre^aaser  or 
form.  trespassers,  on  account  of  any  defoult  or  want  of  form  in  any  proceedings 
relating  thereto,  nor  shall  the  party  or  parties  distraining  be  deemed  a  trespasser  or  tres- 
passers from  the  beginning,  on  account  of  any  irregularity  which  shall  be  afterwards  done  by 
the  party  or  parties  distraining,  but  the  person  or  persons  a^rricved  by  such  irregularity  may 
recover  full  satisfaction  for  the  special  damage  in  an  action  on  the  case,  to  be  brought  in  some 
of  the  courts  of  record  at  Wratminster  or  Dublin,  or  by  action  raised  or  complaint  preferred  in 

TmA&r  of  the  court  of  session  in  Scotland :  provided  always,  that  no  pltdntiff  or  pluntifls 
*°**°^  shall  recover  in  any  action  for  any  such  irr^piUuity,  trespass,  or  wrongful 
proceeding,  if  tender  of  sufficient  amends  for  any  such  special  damage  shall  be  made  by  or 
on  behalf  of  the  party  or  parties  who  shall  have  committed  or  caused  to  have  been  committed 
any  such  irregularity  or  wrongful  proceeding  before  such  action  or  complaint  brought;  and 
in  case  no  such  tender  shall  have  been  made,  it  shall  be  lawful  for  the  defendant  or 
defendants  in  any  such  action,  by  leave  of  the  court  where  such  action  shall  depend,  at  any 
time  before  issue  joined,  to  pay  into  court  such  sum  of  money  as  he  or  they  shall  see  fit, 
whereupon  such  proceedings  or  orders  and  judgments  shall  be  luid,  made,  and  given  in  and 
by  such  court  as  in  other  actions  where  the  defendant  is  allowed  to  pay  money  into  court. 

XI.  And  be  it  enacted,  that  any  person  who  shall  think  himself  or  herself  aggrieved  by 
Admbl       '^y  conviction  by  any  justice  or  justices  of  the  peace  under  this  act  may 

appeal  to  the  next  court  of  general  or  quarter  sesrions  of  the  peace  whi«ji 
shall  be  holden  not  less  than  twelve  days  after  the  day  of  such  conviction  fbr  the  county, 
stewartry,  riding,  city,  borough,  division,  or  place  whorein  the  cause  of  complaint  aliaJl 
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have  arisen ;  provided  that  such  person  shall  give  to  the  complainant  a  notice  in  writing  of 
such  appeal,  and  of  the  cause  and  matter  thereof^  within  three  days  after  such  conviction, 
and  seven  clear  days  at  the  least  before  such  session,  and  shall  also  either  remain  in  custody 
until  the  session,  or  enter  into  a  recognizance,  with  two  sufficient  sureties,  before  a  justice 
of  the  |>eace,  conditioned  personally  to  appear  at  the  said  session  of  the  peace,  and  to  try 
such  appeal,  and  to  abide  the  judgment  of  the  court  thereupon,  and  to  pay  such  costs  as 
shall  be  by  the  court  awarded ;  and  upon  such  notice  being  given,  and  such  recognizance 
being  entered  into,  the  justice  before  whom  the  same  shall  be  entered  into  shall  liberate 
such  person,  if  in  custody,  and  the  court  at  such  session  shall  hear  and  determine  the 
matter  of  the  appeal,  and  shall  make  such  order  therein,  with  or  without  costs  to  either 
party,  as  to  the  court  shall  seem  meet,  and  in  case  of  the  dismissal  of  the  appeal  or  affirm- 
ance of  the  conviction  shall  order  and  adjudge  the  offender  to  be  punished  according  to  the 
conviction,  and  to  pay  such  costs  as  shsdl  be  awarded,  and  shall,  if  necessary,  issue  process 
lor  enforcing  such  judgment ;  and  all  judgments,  determinations,  and  proceedings  of  such 
justices  not  appealed  from  as  aforesaid,  and  of  such  sheriff  or  Stewart  or  quarter  sessions, 
shall  be  final,  and  not  subject  to  review  by  any  process  of  law  or  court  whiatever,  any  law 
or  usage  to  the  contrary  notwithstanding. 

XI L   And  be  it  enacted,  that  no  conviction  or  a4judication  made  on  appeal  therefrom 
shall  be  quashed  for  want  of  form,  or  be  removed  by  certiorari  or  otherwise  coovietkn  a«c 
into  any  of  Her  Mi^j^^y^s  superior  courts  of  record ;  and  no  warrant  of  com-  *°  ^  ^rSJ.** 
mitment  shall  be  held  void  by  reason  of  any  defect  therein,  provided  it  be 
therein  alleged  that  the  party  has  been  convicted,  and  there  be  a  good  and  valid  conviction 
to  sustain  the  same. 

XIII.  And  be  it  enacted,  that  this  act  may  be  amended  or  repealed  by  Aecmajto 
any  act  to  be  passed  in  this  session  of  parliament.  mm«uiMi,ftc.thfa 


The  following  are  the  names  of  the  persona  in  London  who  have  long  been  established 
by  the  promoters  of  this  bill  to  work  the  machine :  — 

Joseph  Glass,  S.  Moor  Lane,  Fore  Street,  Cripplegate; 

Robert  Day,  21.  Newton  Street,  High  Holbom. 

Edward  Raven,  64.  Lant  Street,  Borough. 

Thomas  Peacock,  Chester  Mews  North,  Chester  Street,  Grosvenor  Thee. 

The  person  whose  name  stands  first  having  been  a  bricklayer  all  his  life,  and  being  also 
the  inventor  of  the  machine  now  sanctioned  by  parliament,  may  perhaps  be  safely  consulted  by 
persons  whose  chimneys  present  any  difficulties,  and  whose  prudence  may  induce  them  to 
wish  for  an  experienced  workman. 

Paicxs  op  Macbikert. 

The  following  is  a  list  of  the  prices  of  the  machines  sold  by  Glass  for  sweeping  ehimneys. 
The  machine,  of  whatever  length,  is  supplied  with  a  proper-siaed  brush,  chunney-doth 
and  slide,  and  case  complete,  with  frill  directions :  — 


£ 

«. 

d. 

. 

£ 

B. 

d. 

30  feet 

in  length 

2 

13 

0 

60  feet 

in  length 

4 

0 

0 

40 

— . 

3 

2 

0 

70 

— 

4 

9 

0 

50 

3 

11 

0 

80 

4 

18 

0 

IL  —  DILAPlDATIONa 

The  architect,  in  the  course  of  his  practice,  is  frequently  called  upoi^  and  he  most  un- 
dertake the  task,  however  uncongenial  to  his  feelings,  to  ascertain  the  extent  of  neglect 
of  a  tenant  in  keeping  his  premises  in  proper  order  according  to  the  covenants  of  the 
lease  or  agreement  under  which  he  holds  the  property.  The  owner  of  a  tenement  let  to 
any  person  has  a  right  to  expect  that  it  shall  be  delivered  up  to  him,  at  the  expiration  of 
the  term,  in  as  good  condition  as  the  wear  and  tear  of  the  time  will  permit ;  and  the  tenant 
b  bound  to  make  good  what  by  his  neglect  or  accident  may  have  injured  the  premises.  If  the 
tenant  fails  in  this,  not  only  upon  what  was  ori^nally  demised,  but  upon  what  may  have 
been  erected  after  he  begins  his  occupation,  he  is  bound  to  pay  to  the  landlord  a  sum  equal 
to  what  will  restore  the  premises. 

The  general  rule  for  determining  what  ii^uries  are  considered  dilapidations,  is  to  ascer- 
tain what  is  fair  wear  without  accident,  for  such  is  not  dilapidation.  Iigury  by  accident  is 
that  which  happens  suddenly,  and  perceptibly  differing  from  wear,  which  occurs  only  by 
lengthened  use.     Thus  the  nosing  of  a  step  worn  away  is  not  a  dilapidation ;  but  if  such 
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be  broken  away,  instead  of  worn,  it  b  a  dilapidation.  It  may  be  said  that  accident  is 
defined  here  with  too  much  latitude,  inasmuch  as  it  takes  account  of  that  which  occurs  with- 
out  apparent  reason  at  any  particular  time ;  but  we  use  the  term  in  common  language,  and 
may  cite  as  an  example,  that  if  the  timbers  of  a  floor  decay,  the  floor  will  yield,  even  with- 
out a  load  upon  it.  When  accident  occurs,  such  alone  does  not  limit  the  extent  of  the  dila- 
pidation, but  also  such  ii^uries  to  the  building  as  follow  in  its  tnun.  Thus,  if  the  weather- 
boarding  of  a  building  decay  from  age,  so  long  as  the  ooTering  be  complete  and  entire,  it  is  no 
dilapidation ;  but  if  broken  in  any  part,  that  is  a  dilapidation ;  and  if  from  want  of  reparation 
any  of  the  internal  parts  of  the  building  be  injured,  such  injury  is  a  dilapidation  :  so  if  tim- 
ber or  timbers  belonging  to  any  part  of  a  house  merely  decay,  if  it  or  they  be  still  sufficient 
for  the  support  of  the  house,  no  dilapidation  can  be  chargeable ;  but  if  such  timber  or  tim- 
bers give  way,  they  must  be  replaced,  and  all  parts  made  good  which  sufiered  by  their  fiulure. 
According  to  Wood&ll  {Landlord and  7Vfum<),  *<  waste  may  be  done  in  houses  by  pulling 
them  down  or  suffering  them  to  be  uncovered,  whereby  the  rafters  and  other  timbers  of  the 
house  become  rotten ;  but  the  bare  suffering  them  to  be  uncovered,  without  rotting  the  timber, 
is  not  waste :  so  if  a  house  be  uncovered  when  the  tenant  oometh  in,  it  is  no  waste  in  the 
tenant  to  suffer  the  same  to  fall  down."  In  external  covering,  however,  it  seems  that  decay 
arising  from  inattention  to  it  is  dilapidation,  trrea  though  no  accident  be  the  cause.  It  is 
always  considered  that  though  painting  neglected  is  not  itself  a  dilapidation,  yet  where 
decay  arises  from  it,  it  is  one. 

Broken  glass  is  not  considered  a  dilapidation,  unless  there  be  more  than  one  crack  in 
the  pane.  Some,  however,  contend  that  while  the  glass  is  suflSeioitly  entire  to  exclude 
the  wind  and  weather,  no  waste  is  assignable.  Generally  it  seems  then  to  be  the  rule^  that 
where  accident  occurs,  it  is  a  dilapidation. 

Whatever  the  tenant  has  power  to  remove  during  the  term  cannot  be  chargeable  with 
dilapidations.  Upon  this  point  the  old  rule  is,  that  whatever  w^xed  to  the  freehold  can- 
not be  removed  by  the  tenant :  thus  a  lessee  may  erect  bams  or  sheds  or  any  building  upon 
wooden  or  stone  or  other  blocks  laid  on  the  sur&ce  of  the  ground,  and  take  them  down 
if  he  please  without  substituting  any  thing  in  their  place  ;  but  if  the  bams  are  fixed  into  the 
ground,  they  immediately  become  the  property  of  the  lessor.  There  seems,  however,  to  be  an 
exception  in  respect  of  buildings  erected  for  the  purposes  of  trade :  hence  not  only  coppers  and 
ovens  may  be  taken  away,  but  workshops  and  the  like  erected  by  the  tenant  for  his  parti- 
cular trade.  This  exception  seems  at  first  to  have  applied  only  to  wooden  buildings ;  but 
Lord  Kenyon  held  that  a  brick  chimney  would  prevent  a  tenant  from  removing  a  building, 
and  decided  that  its  being  on  a  brick  foundation  would  not  do  it.  Though  this  opinion 
was  not  held  by  Lord  EUenborough,  yet  it  was  not  because  the  buildings  were  of  brick, 
but  because  they  were  erected  for  the  purposes  of  agriculture,  and  not  of  trade.  These 
matters,  however,  are  not  in  the  province  of  the  architect.  It  is  to  be  remembered,  in  all 
cases,  that  a  lessee  is  bound  to  leave  the  premises  in  as  good  condition,  after  the  removal 
of  fixtures  or  improvements,  as  though  they  had  never  existed :  thus,  if  a  marble  be  sub- 
stituted for  a  wooden  chimney-piece,  when  the  former  is  removed,  the  latter,  or  one  of  equal 
value,  must  be  replaced.  If  a  partition  be  put  up  and  taken  away,  all  damages  to  the 
acyacent  work  must  be  repaired. 


IIL  — COMPOUND  INTEREST  AND  ANNUITY  TABLE& 

In  a  previous  part  of  this  work  (797,  ei  se^.)  we  have  touched  on  the  nature  of  com- 
pound interest  and  annuities ;  and  as  the  architect  is  often  called  on  to  value  property,  we 
have  thought  it  right  to  add  some  practical  observations  on  the  subject,  and  a  set  of  Tables 
for  the  ready  calculation  of  such  matters,  which  we  shall  hexe  explsln. 

Tablb  First  contains  the  amount  of  12.  put  out  to  accumulate  at  compound  interest  for 
any  number  of  years  up  to  100,  at  the  several  rates  of  S,  4>  5,  6,  7,  and  8  per  cent.  The 
amount  of  any  other  sum  is  found  by  multiplying  the  amount  of  IL  found  in  the  table  at 
the  given  rate  per  cent.,  and  for  the  given  time,  by  the  proposed  sum. 

Example. 

Required  the  amount  of  7 SSL  in  51  years,  at  5  per  cent 

Amountof  U  for  51  years  at5  per  cent  is        -        -        -        -         1SO40769 
Given  sum       --------..  755 

jf  9060-780595 
or  9090/.  1S».  7ftf/. 
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Table  Svcohd  contuns  the  present  Tslue  of  It  payable  at  the  end  of  any  number  of  years 
up  to  1  (XX  The  present  value  of  any  given  sum  payable  at  the  expiration  of  any  number 
of  years  is  found  by  multiplying  the  present  value  of  12.  for  the  given  number  of  years,  at 
the  proposed  rate  per  cent,  by  the  given  sum  or  principal. 

Example. 

Required  the  present  value  of  909021  payable  51  years  hence,  compound  interest  being 
allowed  at  5  per  cent. 

By  the  table,  the  present  value  of  1 21  payable  at  the  expiration  ot 

51  years  at  5  per  cent.  is-----..  '089051 

Given  principal  .........  9080 

jff  754 -923590 
or  754/.  18«.  5^. 

Table  Thud  contains  the  amount  of  an  annuity  of  121  for  any  number  of  years,  and  is 
thus  used.  Take  out  the  amount  of  121  answering  to  the  given  time  and  rate  of  interest: 
this  multiplied  by  the  given  annuity  will  be  the  required  amount. 

Example. 

Required  the  amount  of  an  annuity  of  S7/.  in  21  years,  at  5  per  cent  compound  interest. 

Annuity  of  121  in  21  years  at  5  percent.      .....         35*719251 

Annuity  given  .........  27 

;f  964 -41 9777 
or  96421  Rs.  Sfyi. 

Tablb  Foueth  shows  the  present  value  of  an  annuity  of  121  for  any  number  of  years,  at 
3,  4,  5,  6,  7,  and  8  per  cent,  and  is  used  as  follows :  — 

Fir$tt  when  the  annuity  commences  immediately.  Multiply  the  tabular  number  answer- 
ing to  the  given  years  and  rate  of  interest  by  the  given  annuity,  and  the  product  will  be  the 
value  required. 

Example. 

Required  the  present  value  of  an  annuity  of  45/1,  which  is  to  continue  48  years,  at  the 
rate  of  5  per  cent. 

Under  5  and  opposite  to  48  years  is  (years*  purchase)  -        .  18077157 

Annuity  given         --.--....  45 

£813-472065 
or  813/.  9t.  5^. 

Seeondy  when  the  annuity  does  not  commence  till  after  a  certiun  number  of  years.  Mul. 
tiply  the  diflference  between  the  tabular  numbers  answering  to  the  time  of  commencement 
and  end,  at  the  proposed  rate  of  interest,  by  the  given  annuity,  the  product  will  be  the  pre^ 
sent  value  required. 

Example. 

An  annuity  of  4021  is  to  commence  20  years  hence,  and  is  to  continue  30  years ;  required 
its  present  value,  the  rate  of  interest  being  4  per  cent. 

Under  4  per  cent,  and  opposite  to  20  is     .....         13-590526 
Under  4  per  cent  and  opposite  to  50  (20  -i-  SO)  is        -        -         .         21  -4821 84 

Difference 7-891858 

Annuity  given  .........  40 

£315-674320 
or  315/1  13s.5jjj(i 

Table  Fifth  contains  the  annuity  which  1/.  will  purchase,  compound  interest  being 
allowed.  Hie  manner  of  using  this  table  is  obvious,  from  what  has  been  said  relative  to 
the  preceding  tables. 

Example. 

What  annuity  for  10  years  will  500/.  purchase,  the  rate  of  interest  being  5  per  cent.  ? 
Under  5  and  opposite  to  10  is  ......  -129504 

Principal  given        ...--.--.  500 

£64-752000 
or  64/.  15f.  OjV/1 


858  COMPOUND  INTEREST,  ETC.  APFnoiz. 

Tablis  Sixth,  Sxyxmtb,  and  Eiobth  art  Ibr  finding  the  value  of  annuities  on  single  and 
Joint  lif  es»  and  were  constnieted  by  fimpson,  on  the  London  bills  of  mortality. 

To  find  the  value  of  an  annuity  for  a  single  life,  at  a  proposed  rate  of  interest,  within  the 
limits  of  the  table,  take  from  Table  VI.  the  number  answering  to  the  given  age  and  proposed 
rate  of  interest,  which  multiplied  by  the  given  annuity,  the  product  will  be  the  value  re- 
quired. 

Example. 

What  is  the  value  of  an  annuity  of  SOL  upon  a  single  life  aged  40  years,  according  to  the 
London  bilb  of  mortality,  the  rate  of  interest  being  4  per  cent.  ? 

The  value  of  an  annuity  of  IZ.  for  40  years  at  4  per  cent,  is  -        -        -         1 1  '5 
Annuity  .----------  50 

Value £575 

To  find  the  value  of  an  annuity  for  two  joint  lives,  multiply  the  number  in  Table  VII. 
answering  to  the  given  ages,  and  at  the  proposed  rate  of  interest,  by  the  given  annuity,  and 
the  product  will  be  the  required  value. 

Example. 

What  u  the  value  of  an  annuity  of  60L  for  two  joint  Uvea,  the  one  being  90  and  the  other 
40  years,  interest  at  4  per  cent.  ? 

The  number  answering  to  SO  and  40  years  at  4  per  cent  is    -        -        -        8*8 
Annuity     ------------         60 

Value £5280 

To  find  the  value  of  an  annuity  for  the  longest  of  two  given  lives,  proceed  as  directed  in 
the  case  immediately  preceding,  but  using  Table  VIII.,  and  the  product  will  be  the  value. 

Example. 

What  is  the  value  of  an  annuity  of  60L  for  the  longest  of  two  lives,  the  one  being  30  and 
the  other  40  years,  interest  at  4  per  cent.? 

The  tabular  number  answering  at  4  per  cent  is  -        •        -        -  15*9 

Annuity  -----------  60 

Present  value --    £954-0 

The  five  first  tables  which  follow  are  printed  firom  those  of  Smart ;  the  remainder  are 
from  Simpson. 

The  calculations  involving  the  valuation  of  annuities  on  lives  are  not  very  frequently  im- 
posed on  the  architect,  but  it  is  absolutely  necessary  he  should  be  capable  of  performing  them, 
as  in  the  case  of  valuations  of  leases  upon  lives,  which  sometimes  occur  to  him.  The  public 
think  that  the  actuaries  of  life  offices  in  such  cases  are  the  only  persons  capable  of  afibrding 
information  on  those  subjects ;  but  if  they  knew  as  much  as  we  do  of  the  absolute  want  of 
mathematical  knowledge  of  seven  eighths  of  these  attaches,  they  would  pause  before  con- 
sulting them.  There  are  some  few,  however,  of  this  class,  who  in  point  of  knowledge  of  the 
subject  in  question  dignify  the  offices  they  hold,  among  whom  none  can  be  placed  in  every 
attainment  of  the  highest  rank  superior  to  Mr.  Galloway,  the  present  actuary  of  the  Ami- 
cable office.  It  cannot  be  supposed  tlwt  this  observation  is  made  firom  jealousy  of  the 
parties,  inasmuch  as  their  pursuits  are  so  widely  diflTo^it  firom  those  which  we  follow,  that 
clashing  with  them  would  be  next  to  an  impossibility. 
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Yean. 

8  per  Cent. 

4  per  Cent. 

5  per  Cent. 

6  per  Cent* 

Toer  Cent 

8  per  Cent. 

i 

1 

2 

1-014889 
1-030000 
1-045335 
1-060900 
1  -076695 

1-019808 
1-040000 
1-060596 
1-081600 
1*103019 

1*024695 
1-050000 
1  -075929 
1-102500 
1 -J  29726 

1-029563 
1-060000 
1*091336 
1-123600 
1*156817 

1-034408 
1-070000 
1  106816 
1-144900 
1-184293 

1*039230 
1-080000 
1-122368 
1-166400 
1-212158 

3 

31 
4 

41 

5 

1-092727 
1  -108996 
1*125508 
1*142266 
1-159274 

1-124864 
1-147140 
1-169858 
1*193026 
1-216652 

1-157625 
1-186212 
1-215506 
1*245523 
1.276281 

1*191016 
1-226226 
1  -262476 
1  -299799 
1  -338225 

1-225043 
1-267194 
1-310796 
1  -355897 
1-402551 

1-259712 
1-309131 
1-360488 
1-413861 
1  -469328 

€ 

7 
71 

1-176534 
1-194052 
1-211830 
1*229873 
1*248185 

1  -240747 
1 -265319 
1  -290377 
1-315931 
1-341992 

1*307799 
1*340095 
1*373189 
1-407100 
1*441848 

1-377787 
1-418519 
1-460454 
1-503630 
1  -548082 

1-450810 
1-500730 
1  -552367 
1  -605781 
1-661033 

1  -526970 
1  -586874 
1-649128 
1-713824 
1-781058 

8 

9 

H 
10 

1  -266770 
1*285631 
1  '304773 
1*324200 
1  -343916 

1*368569 
1  •895672 
1-423311 
1*451498 
1*480244 

1  -477455 
1-513941 
1-551328 
1  -589638 
1-628894 

1  -593848 
1-640967 
1  -689478 
1  -739425 
1  -790847 

1-718186 
1  -777305 
1  -838459 
1-901717 
1-967151 

1-850930 
1*923543 
1*999004 
2-077426 
2.158925 

10) 

11 

"1 

12 
121 

1.363926 
1.384233 
1-404843 
1*425760 
1-446989 

1*509558 
1 -5311454 
1-56^941 
1  -601032 
1  -632^38 

1  -669120 
1-710339 
1  -752576 
1  -795856 
1-840205 

1  -843790 
1  -898298 
1-954417 
2-012196 
2-071683 

2-034837 
2  104851 
2  177275 
2*252191 
2-329685 

2-243620 
2-331639 
2-423110 
2*518170 
2-616959 

13 

131 

14 

141 

15 

1-468533 
1  '490398 
1-512589 
1-535110 
1*557967 

1-665073 
1  -698048 
1*731676 
1*765970 
1-800943 

1-885649 
1-982215 
1-979931 
2-028826 
2-078928 

2-132928 
2  195984 
2*260903 
2-327743 
2-396558 

2-409845 
2*492763 
2-578534 
2-667256 
2-759031 

2-719623 
2-826315 
2-937193 
3  052421 
3-172169 

151 

16 

161 

17 

171 

1-581164 
1-604706 
1-628599 
1  -652847 
1-677457 

1-836609 
1-872981 
1-910073 
1-947900 
1  -986476 

2-130267 
2  182874 
2*236780 
2-292018 
2-348619 

2-467407 
2-540351 
2-615452 
2.692772 
2-772379 

2-853964 
2-952163 
3-053741 
3-158815 
3-267503 

3-296614 
3-425942 
3-560344 
3-700018 
3-845171 

18 

181 

19 

191 

20 

1  -702433 
1 '727780 
1-753506 
1*779614 
1-806111 

2*025816 
2-065935 
2106849 
2148573 
2-191123 

2*406619 
2-466050 
2-526950 
2-589353 
2-653297 

2-854339 
2-938722 
3-025599 
3-115045 
3-207135 

3-379932 
3-496229 
3-616527 
3-740965 
3-869684 

3-996019 
4152785 
4-315701 
4-485008 
4-660957 

201 

21 

211 

22 

221 

1-833002 
1  -860294 
1  -887992 
1*916103 
1  -944632 

2-234515 
2-278768 
2-323896 
2-369918 
2-416852 

2-718821 

2-785962 

2-854762 

2-925260 

2-997500 

3-301948 
3-399563 
3-500064 
3-603537 
3-710068 

4-002832 
4-140562 
4-283031 
4-430401 
4-582843 

4-843808 
5-033833 
5-231313 
5-436540 
5-649818 

23 

231 

84 

241 

25 

1-973586 
2-002971 
2-032794 
2-063060 
2-093777 

2-464715 
2-513526 
2-563304 
2-614067 
2-665836 

3-071523 
3-147375 
3-225099 
3-304744 
3  386354 

3-819749 
3-932672 
4-048934 
4168633 
4-291870 

4-740529 
4-903642 
5-072366 
5-246897 
5-427432 

5-871463 
6101804 
6-341180 
6-589948 
6-848475 

J 
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Thb  FiRtT  Table  or  Compound  Imtbebst  —  eoniinued. 
The  Amount  of  One  Pound  in  any  Number  of  Yean,  &c. 


Yeart. 

3  per  Cent. 

4  per  Cent. 

5  per  Cent 

6  per  Cent 

7  per  Cent 

8  per  Cent 

251 
26 
261 
27 

271 

2124952 
2-156591 
2-188701 
2-221289 
2-254362 

2-718630 
2-772469 
2-827375 
2-883368 
2-940470 

3*469981 
3-555672 
3-643480 
3-733456 
3-825654 

4-418751 
4-549382 
4-683876 
4-822345 
4-964909 

5*614179 
5-807352 
6-007172 
6-213867 
6*427674 

7117144 
7-396353 
7*686515 
7-988061 
8 -301 437 

28 

281 

29 

291 

30 

2-287927 
2-321992 
2 '356565 
2-391652 
2-427262 

2-998703 
3-058089 
3-118651 
3180412 
3-243397 

3*920129 
4-016937 
4*116135 
4*217783 
4*321942 

5111686 
5-262803 
5-418387 
5-578571 
5*743491 

6*648838 
6*87761 1 
7  114257 
7*359044 
71612255 

8-627106 
8*965551 
9-317274 
9-682796 
10-069656 

30) 

31 

311 

32 

321 

2-463402 
2-500080 
2-537304 
2-575082 
2-613423 

3-307629 
3-373133 
3-439934 
3-508058 
3-577532 

4*428673 
4-538039 
4*650106 
4*764941 
4*882612 

5*913286 
6-088100 
6-268083 
6*453386 
6-644168 

7*874177 
8*145112 
8*425370 
8*715270 
9015146 

10*457419 
10*867669 
11.29401S 
11*737083 
12-197534 

33 
331 
34 
341 

35 

1 

2-652335 
2*691826 
2-731905 
2-772581 
2-813862 

3*648381 
3-720633 
3-794316 
3-869458 
3*946088 

5*003188 
5*126742 
5*253347 
5*383079 
5 '51 601 5 

6*840589 
7-042818 
7*251025 
7-465387 
7*686086 

9*325339 

9-646206 

9*978113 

10*321440 

10*676581 

12*676049 
13*173337 
13*690133 
14*227204 
14*785344 

351 

36 

361 

37 

371 

2-855758 
2-898278 
2-941431 
2-985226 
3-029674 

4-024236 
4 103932 
4*185206 
4*268089 
4*352614 

5-652233 
5-791816 
5*934845 
6-081406 
6-231587 

7*9^3310 
8-147252 
8*388109 
8-636087 
8*891395 

11*043941 
11*423942 
11*817017 
12*223618 
12*644208 

15*365380 
15*968171 
16*594610 
17*245625 
17*922179 

38 

381 

39 

391 

40 

3-074783 
3-120564 
3  167026 
3-214181 
3-262037 

4*438813 
4*526719 
4*616365 
4-707788 
4-801020 

6*385477 
6*543167 
6*704751 
6-870325 
7-039988 

9*154252 
9-424879 
9*703507 
9-990372 
10-285717 

13*079271 
13*529303 
13*994820 
14*476354 
14-974457 

18-625275 
19-355954 
20*115297 
20*904430 
21-724521 

401 

41 

411 

42 

421 

3-310606 
3-359898 
3-409924 
3-460695 
3-512222 

4-896099 
4-993061 
5-091943 
5-192783 
5-295621 

7-213841 
7-391988 
7*574533 
7*761587 
7*953260 

10*589794 
10*902861 
11*225182 
11*557032 
11*898693 

15*489699 
16-022669 
16-573978 
17-144256 
17-734157 

22-576785 
23*462483 
24*382927 
25-339481 
26*333562 

43 

431 

44 

441 

45 

3-564516 
3-617589 
3-671452 
3-726117 
3-781595 

5*400495 
5-507446 
5*616515 
5-727744 
5*841175 

8*149666 
8-350923 
8*557150 
8-768469 
8-985007 

12-250454 
12-612615 
12-985481 
13-369371 
13-764610 

18*344354 
18*975548 
19-628459 
20*303836 
21-002451 

27*366640 
28-440247 
29-555971 
30*715466 
31  -920449 

451 

46 

461 

47 

471 

3-837900 
3*895043 
3-953037 
4-011895 
4-071628 

5-956853 
6-074822 
6*195127 
6-317815 
6-442933 

9*206893 
9*434258 
9*667237 
9*905971 
10-150599 

14-17-1534 
14-590487 
15-021826 
15-465916 
15-923135 

21  *725105 
22*472623 
23-245862 
24-045707 
24*873072 

33*172704 
34-474085 
35-826520 
37-232012 
38*692642 

48 

481 

49 

491 

50 

4132251 
4-193777 
4-256219 
4-319590 
4-383906 

6-570528 
6-700650 
6-833349 
6-968676 
7  106683 

10-401269 
10-658129 
10-921333 
11-191036 
1 1  -467399 

16-893871 
16*878524 
17-377504 
17-891235 
18-420154 

25-728906 
26-614187 
27-529929 
28-477180 
29-457025 

40-210573 
41  -788053 
43*427418 
45*131097 
46-901612 
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Thc  FxasT  Table  op  Compound  Intbeest  —  continued. 
The  Amount  of  One  Pound  in  any  Number  of  Years,  &c. 


Yean. 

504 
51 
514 
52 

524 

8  per  Cent 

4  per  Cent. 

5  per  Cent. 

6  per  Cent. 

7  per  Cent 

8  per  Cent. 

4*449178 
4-515423 
4-582654 
4-650885 
4-720133 

7-247423 
7-390950 
7-537320 
7*686588 
7*838813 

11-750588 
12-040769 
12-338117 
12-642806 
12*955023 

18-964709 
19-525363 
20-102592 
20-696885 
21  -308747 

30-470583 
31-519016 
32*603524 
33-725347 
34-885771 

48-741585 
50-653741 
52*640912 
54*706040 
56-852185 

53 

534 

54 

544 

55 

4-790412 
4-861737 
4-934124 
5<X)7589 
5-082148 

7-994052 
8*152365 
8-313814 
8-478460 
8*646366 

13*274948 
13*602774 
13*938696 
14*282913 
14*635630 

21  -938698 
22-587272 
23-255020 
23*942508 
24^50321 

36-086122 
37*327775 
38-612150 
39*940719 
41-315001 

59-082524 
61-400360 
63*809126 
66-312389 
68-913856 

554 

56 

564 

57 

574 

5-157817 
5-234613 
5-312552 
5*391651 
5*471928 

8-817598 
8-992221 
9170302 
9-351910 
9*537114 

14-997058 
15-367412 
15*746911 
16-135783 
16*534257 

25*379059 
26*129340 
26-901802 
27-697101 
28-515911 

42*736569 
44*207051 
45*728129 
47-301545 
48*929098 

71-617380 
74-426964 
77  -346770 
80.381121 
83-534512 

58 

584 

59 

594 

60 

60J 

61 

6I4 

62 

624 

63 

634 

64 

644 

65 

654 

66 

664 

67 

674 

5*553400 
5*636066 
5-720003 
5*805169 
5*891603 

9*725986 

9-918599 

10-115026 

10*315.343 

10-519627 

16*942572 
17-360970 
17*789700 
18-229018 
18*679185 

29*358927 
30-226865 
31-120463 
32O40477 
32*987690 

50*612653 
52*354135 
54-155539 
56-018925 
57*946426 

86*811611 
90*217273 
93 -756540 
97-434655 
101  -257063 

5*979324 
6*068351 
6*158703 
6-250401 
6*343464 

10-727957 
10  940412 
11-157075 
11-378029 
11-603358 

19-140469 
19-613145 
20*097493 
20*593802 
21*102367 

33*962906 
34-966952 
36-000680 
37*064969 
38*160721 

59*940249 
62-002676 
64*136067 
66*342864 
68-625592 

105-229427 
109*357628 
113-647781 
118-106239 
122-739604 

6-437913 
6-533768 
6*631051 
6*729781 
6*829982 

11-833150 
12-067492 
12*306476 
12-550192 
12-798735 

21  -623492 
22-157486 
22-704667 
23*265360 
23-839900 

39*288867 
40*450364 
41*646199 
42*877386 
44*144971 

70*986864 
73-429383 
75-955945 
78-569440 
81-272861 

127-554738 
132-558772 
137*759117 
143  163474 
148-779846 

■ 

6-931675 
7*034882 
7-139625 
7-245928 
7*353814 

13-052200 
13-310684 
13-574288 
13-843112 
14-117259 

24*428628 
25-031895 
25*650060 
26-283490 
26-932563 

45*450030 

46-793669 

48-177031 

49*601290 

51-067653 

84-069301 
86-961961 
89-954152 
93-049298 
96-250943 

154-616552 
160-682234 
166-985876 
1 73-53681 3 
180-344746 

68 

684 

69 

694 

70 

7-463306 
7*574428 
7-687205 
7-801661 
7-917821 

14-396836 
14-681950 
14-972709 
15-269228 
15-571618 

27-597664 
28-279191 
28-977548 
29-693150 
30-426425 

52-577367 
54*131713 
55-732009 
57-379615 
59075930 

99*562749 
102*988509 
106*532142 
110-197704 
113-989392 

187*419758 
194-772326 
202*413338 
210-354112 
218*606405 

704 

71 

714 

72 

724 

8-085711 
8-155356 
8-276782 
8*400017 
8-525086 

15-879997 
16*194483 
16-515197 
16*842262 
17-175804 

31  177808 
31  -947746 
32*736698 
33*545134 
34*373533 

60-822392 
62*620485 
64*471736 
66*377715 
68-340040 

117*911544 
121*968649 
126-165352 
130-506455 
134-996926 

227-182441 
236-094918 
245-357036 
254*982511 
264*985599 

73 

734 

74 

744 

75 

8-652017 
8*780839 
8-911578 
9-044264 
9*178925 

17-515952 
17*862837 
18-216591 
18-577350 
18-945254 

35*222390 
36-092210 
36-983510 
37-896821 
38-832685 

70*360378 
72-440442 
74*582000 
76-786869 
79-056920 

139-641906 
144-446711 
149-416840 
154-557981 
159*876019 

275-381112 
286-184447 
297-411601 
309-079203 
321-204529 
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The  First  Table  op  Compound  Intbexst  —  continued. 
The  Amount  of  One  Pound  in  any  Number  of  Ye«n,  &c. 


Yewi. 

•  per  Cent. 

4|wr  Cent. 

6  per  Cent. 

6  per  C«oL 

7  per  Cent. 

8  per  Cent. 

751 

76 

761 

77 

771 

78 

781 

79 

791 

80 

801 

81 

811 

82 

881 

9*315592 
9*454293 
9-595059 
9-737922 
9-882911 

19-320444 
19-703064 
80 -093262 
20*491187 
20-896992 

39*791662 
40-774320 
41*781245 
42-813036 
43-870307 

81-394081 
83  -800336 
86-277726 
88*828a'>6 
91  *454390 

165-377040 
171-067340 
176*953433 
183-042054 
189-340173 

333-805539 
S46-90089S 
360*509982 
374-652963 
389-350781 

10-080059 
10179399 
10-330961 
10-484781 
10-64O890 

21-310834 
21*732872 
22-163268 
22-602187 
23-049799 

44-953688 
46063822 
47*201372 
48-367013 
49*561441 

94*158057 

96*941653 

99-807541 

102*758152 

105-795993 

195-854998 
202-593965 
209-564848 
216-775564 
224-234387 

404-625900 
420-498844 
436*995216 
454-138751 
471  -954834 

10-799324 
10-960117 
11  123304 
1 1  -288920 
11-457003 

23-506275 
23-971791 
24-446526 
24-930662 
25-424387 

50-785364 
52  039513 
53*324632 
54*641488 
55*990664 

108-923642 
112-143753 
115-459060 
118-872378 
122*386604 

231  -949854 
239-930794 
248-186343 
256-725950 
265-559387 

490-469851 
509-711221 
529-707439 
550-488118 
572-084035 

83 

831 

84 

841 

85 

11-627588 
11-800713 
11-976416 
12154734 
12-335708 

25-927889 
26*441362 
26-965004 
27-499017 
28-043604 

57*373563 
58*790407 
60-242241 
61*729928 
63-254353 

126*004720 
129-729600 
133*565004 
137-513588 
141*578904 

274-696766 
284-148545 
293*925540 
304-038943 
314*500328 

594-527168 
617-850757 
642-089S41 
667-278818 
693-456488 

851 

86 

861 

87 

871 

]  2-519376 
12-705779 
12-894958 
13-066953 
13-281806 

28-598977 
29-165349 
29-742936 
30-331963 
30-932654 

64*816424 
66*417071 
68-057245 
69-737924 
71-460108 

145-764408 
150073638 
154-510267 
159*078057 
163-780884 

325*321669 
336*515351 
348-094186 
360-071425 
372*460779 

720-661124 
748-933008 
778-314013 
808-847648 
840-5791S5 

88 

881 

89 

891 

90 

13-479561 
13.680261 
13-883948 
14-090668 
14-300467 

31  -545241 
32-169960 
32-807051 
33-456758 
34  I 19333 

73-224820 

75-033113 

76-886061 

78-784769 

80*730365 

168*622740 
173-607737 
178-740104 
184-024201 
189-464511 

385-276425 
398*533033 
412-245775 
426-430345 
441  -102979 

873-555460 
907-825465 
943.439897 
980-451503 
1018-9150891 

901 

91 

911 

92 

921 

14-513389 
14-729481 
14-948790 
15-171365 
15-397254 

34-795029 
35-484106 
36-186830 
36-903470 
37-634303 

82*724007 
84*766883 
86*860208 
89-005227 
91*203218 

195065653 
200-832381 
206-769592 
212-882324 
219-175768 

456-280470 
471*980188 
488-220103 
505-018801 
522-395510 

1058-887623 
1100-428296 
1143-598633 
1188-462560 
1235-08652S 

93 

931 

94 

941 

95 

15-626506 
15-859172 
16.095301 
16-334947 
16-578160 

38-379609 
39  139675 
39-914794 
40-705262 
41-511385 

93-455488 

95-763379 

98*128263 

100-551548 

103-034676 

225*655264 
232-326314 
239-194580 
246-265893 
253*546254 

540-370117 
558-963196 
578  196026 
598-090619 
618-669747 

1283-539564 

1333-893445 

1386-2227SO 

1440-604921 

1497-120548 

95) 

96 

96) 

97 

971 

16-824995 
17-075505 
17-329745 
17-587770 
17-849637 

42-333473 
43-171841 
44-026812 
44-898715 
45-787884 

105-579125 
108-186410 
110-858082 
113-595730 
116-400986 

261-041846 
268-759030 
276-704357 
284-884572 
293-306618 

639*956963 
661  -976630 
684-753950 
708-314994 
732-686727 

1555*853315 
1616-890192 
1 680-321 580 
1746-241407 
1614-747306 

98 
981 
99 
991 
100 

18-115403 
18-385126 
18-658866 
18-936680 
19-218631 

46-694663 
47-619400 
48*562450 
49-524176 
50*504948 

119-275517 
122-221035 
125-239293 
128-332087 
131*501257 

301  '977646 
310-905016 
320-096305 
329*559317 
339*302063 

757-897043 
783-974797 
810-949836 
838-853033 
867-716325 

1885-940720 
1959-927091 
2036-815978 
2116-721258 
2199-761256 

Afpkndiz.  COIkKPOUND  INTEREST  TABLE& 

Thb  Second  Tabub  of  Comfound  Imtsust. 
The  present  Value  of  One  Pound  payaUe  at  the  End  of  any  Number  of  Yean,  &o. 
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YMTt. 

3  per  Cent. 

4  per  Ceot 

6  per  Cent. 

6  per  Cent 

7  per  Cent. 

8  per  Cent. 

i 
1 

H 

2 

-985329 
•970873 
•956630 
-942595 
-928767 

•980580 
•961538 
•942866 
•924556 
•906601 

•975900 
•952380 
•929428 
•907029 
•885170 

•971285 
•943396 
•916307 
•889996 
•864440 

•966736 
•934579 
•903492 
•873438 
•844385 

•962250 
•925925 
•890972 
•857338 
•824974 

3 

34 

4 

5 

-915141 
•901715 
-888487 
•875452 
•862608 

•888996 
•871732 
•854804 
•838204 
•821927 

-863837 
•843019 
•822702 
•802875 
•783526 

•839619 
•815510 
•792093 
•769349 
•747258 

•816297 
•789144 
•762895 
•737518 
•712986 

•793832 
•763865 
•735029 
•707282 
•680583 

€ 

7 

74 

•849953 
•837484 
•825197 
•813091 
•801 162 

•805965 
•790314 
•774967 
•759917 
•745160 

•764643 
•746215 
•728231 
•710681 
•693553 

•725801 
•704960 
•684718 
•665057 
"645960 

•689269 
•666342 
•644177 
^22749 
•602034 

•654891 
•630169 
•606381 
•583490 
•561463 

8 

H 

9 
10 

•789409 
•777828 
•766416 
•755172 
•744093 

•730690 
•716500 
•702586 
•688942 
•675564 

•676839 
•660527 
•644608 
•629073 
•613913 

•627412 
•609396 
•591898 
•574902 
•558394 

•582009 
•562649 
•543933 
•525840 
•508349 

•540268 
•519873 
•500248 
•481364 
•463193 

104 
11 

12 
124 

•733177 
-722421 
•711822 
•701379 
•691090 

-662445 
•649580 
•636966 
•624597 
•612467 

•599117 
•584679 
•570588 
•556837 
•543417 

•542360 
•526787 
•511661 
•496969 
•482699 

M91439 
-475092 
•459289 
•444011 
•429242 

•445708 
•428882 
•412692 
•897113 
•382122 

13 

134 

14 

144 

IS 

•680951 
•670961 
•661117 
•651418 
•641861 

•600574 
•588911 
•577475 
•566260 
•555264 

•530321 
•517540 
•505067 
•492895 
•481017 

•468839 
•455376 
•442300 
•429600 
•417265 

•414964 
•401161 
•387817 
•374917 
•362446 

•367697 
•353817 
•340461 
•327608 
•315241 

154 

16 

164 

17 

174 

•632445 
•623166 
•614024 
•605016 
•596140 

•544481 
•533908 
•523540 
•513373 
.503403 

•469424 
•458111 
•447071 
•436296 
•425781 

•405283 
•393646 
•382343 
•371364 
•360701 

•350889 
•338734 
•327467 
•316574 
•306044 

•303341 

•291890 

•280871 

•270268 

•260066 

18 

184 

19 

194 
20 

•587394 
•578777 
•570286 
•561919 
•553675 

•493628 
•484042 
•474642 
•465425 
•456386 

•415520 
•405506 
•395733 
•386196 
•376889 

•350343 
•340283 
•330513 
•321022 
•311804 

•295863 
•286022 
•276508 
•267310 
•258419 

•250249 
•240802 
•281712 
•222965 
•214548 

204 

21 

214 

22 

224 

•545552 
•537549 
•529663 
•521892 
•514235 

•447524 
•438833 
•430311 
•421955 
•413761 

•367806 
•358942 
•350291 
•341849 
•333611 

•302851 
•294155 
•285708 
•277505 
•269536. 

•249823 
•241513 
•233479 
•225713 
•218205 

•206449 
•198655 
•191156 
•183940 
•176996 

29 

234 

24 

244 

25 

•506691 
•499258 
•491933 
•484716 
•477605 

•405726 
•397847 
•390121 
•382545 
•375116 

•325571 
•317725 
•310067 
•302595 
•295302 

•261797 
•254279 
-246978 
-239886 
•232998 

•210946 
•203930 
•197146 
•190588 
•184249 

•170315 
•163885 
•157699 
•151746 
•146017 
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COMPOUND  INTEREST  TABLE& 

The  Second  Tablk  of  Comfouko  Intsemt  —  eontinmeiL 
Hie  present  Value  of  One  Pound  payable  at  the  End  of  any  Number  of  Tears,  &e. 


Yean. 

S  per  C«Dt. 

4  per  Cent. 

6  per  Cent. 

6  per  Cent* 

7per  Cent. 

8per  ConC. 

25} 

26 

26} 

27 

27} 

•470598 
•463694 
•456891 
•450189 
•443584 

•367832 
•360689 
•353684 
•346816 
•S40081 

•288186 
•281240 
•274462 
•267848 
•961393 

•226308 
•219810 
•213498 
•207367 
•201413 

178120 
172195 
166467 
•160930 
155577 

•140505 
135201 
13O097 
125186 
1S0461 

28 

28} 

29 

29} 

30 

30} 

31 

31} 

32 

32} 

•437076 
•430664 
•424346 
•418120 
•411986 

•333477 
•327001 
-320651 
•314424 
•308318 

•255093 
•248945 
•242946 
•237091 
•231377 

■195630 
190012 
184556 
•179257 
174110 

150402 
145399 
140562 
-135887 
131367 

115913 
•1115S8 
107S27 
•108275 
099377 

•405942 
•399987 
•394119 
•388S37 
•382639 

•302331 
•296460 
•290703  . 
•285057 
•379522 

•225801 
•220359 
•215048 
•209866 
•204808 

•169110 
•164254 
•159538 
154957 
150507 

-126997 
122773 
118689 
-114741 
110924 

•095635 
•C92016 
•088542 
•0852OO 
•081983 

33 

33} 

34 

34} 

35 

•377026 
•371495 
•366044 
•360674 
•355383 

•274094 
•268771 
•263552 
•258434 
•253415 

•199872 
•195055 
•190354 
•185767 
•181290 

1 

146186 
141988 
137911 
•133951 
130105 

107234 
103667 
100219 
-096885 
09366S 

•078888 
•075910 
•073045 
•070287 
•067634 

35} 

36 

36} 

37 

37} 

•350169 
•345032 
•339970 
•334982 
•330068 

•248494 
•243668 
•238936 
•234296 
•229746 

•176921 
•172657 
•168496 
•164435 
•160472 

126369 
•122740 
119216 
115793 
112468 

•090547 
•087535 
•084623 
•081808 
•079087 

•065081 
•0626S4 
O60260 
•057985 
•055796 

38 

38} 

39 

39} 

40 

•325226 
•320454 
•315753 
•311121 
•306556 

•225285 
•220910 
•216620 
•212413 
•208289 

•156605 
•152831 
•149147 
•145553 
•142045 

•109238 
106102 
•103055 
-100096 
■097222 

•076456 
•073913 
•071455 
•069078 
•066780 

•053690 
•051663 
•04971S 
•047836 
•046030 

40} 

41 

41} 

42 

42} 

•302059 
•297628 
•293261 
•288959 
•284719 

•204244 
•200277 
•196388 
•192574 
•188835 

•138622 
•135281 
•132021 
•128839 
•125734 

•094430 
•091719 
•089085 
•086527 
•084042 

•064559 
•062411 
•060335 
•058328 
•056388 

•044293 

•042621 

•041012 

-039464 

•037974 

43 

43} 

44 

44} 

45 

•280542 
1J76427 
•272371 
•268375 
•264438 

•185168 
•181572 
•178046 
•174588 
•171198 

•122704 
•119747 
•116861 
•114044 
•111296 

•081629 
•079285 
•077009 
■074797 
•072650 

•054512 
•052699 
•050946 
•049251 
<H7613 

O36540 
•035161 
•033834 
•032556 
•081327 

45} 

46 

46} 

47 

47} 

•260559 
•256736 
•252970 
•249258 
•245601 

•167873 
•164613 
•161417 
•158282 
•155209 

•108614 
•105996 
•103442 
•100949 
•098516 

•070563 
•068537 
•066569 
•064658 
•062801 

•046029 
•044498 
^04301 8 
^1587 
•040204 

030145 
•029007 
•027912 
•026858 
•025844 

48 

48} 

49 

49} 

50 

•241998 
•238448 
•234950 
•231503 
•228107 

•152194 
•149239 
•146341 
•143499 
•140712 

•096142 
•093825 
•091563 
•089357 
•087203 

•060998 
•059246 
•057545 
•055893 
•054288 

038866 
•037573 
•036324 
•035115 
•033947 

•024869 
•023930 
•023026 
•022157 
•021321 
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The  Sbcokd  Table  op  Cohpound  Intebsr  —  continued. 
The  present  Value  of  One  Pound  payable  at  the  End  of  any  Number  of  Years,  &e. 


Ifean. 

S  per  Cent 

4  per  Cent 

6  per  Cent. 

6  per  Cent. 

7  per  Cent 

8  per  Cent 

501 

51 

511 

52 

521 

•224760 
•221463 
•218214 
•215012 
*211858 

•1 37980 
•135300 
•132673 
•130096 
•127570 

•085102 
■063051 
■081049 
•079096 
•077190 

•052729 
•051215 
■049744 
•048316 
•046929 

•032818 
•031726 
■030671 
■029651 
•028664 

•020516 
•019741 
•018996 
•018279 
■017589 

53 

531 

54 

541 

55 

•208750 
•205687 
•202670 
•199696 
•196767 

•125093 
•122663 
•120281 
•117945 
•115655 

•075329 
•073514 
•071742 
•070013 
068S26 

•045581 
•044272 
•043001 
•041766 
•040567 

■02771 1 
■026789 
•025898 
•025037 
024204 

■016925 
•016286 
•015671 
•015080 
•014510 

551 

56 

561 

57 

571 

•193880 
•191036 
•188233 
•  •185471 
•182750 

•113409 
•Z11207 
•109047 
•106930 
•104853 

•066679 
•065072 
•063504 
061974 
■060480 

•039402 
•038271 
•037172 
•036104 
•035068 

•023399 
•022620 
•021868 
•021140 
■020437 

•013963 
■013435 
•012928 
•012440 
•011971 

58 

581 

59 

591 

60 

•180069 
•177428 
•174825 
•172260 
•169733 

•102817 
•100820 
<>98862 
•096942 
•095060 

■059022 
■057600 
•056212 
•054857 
•053535 

•034061 
■033083 
•032133 
•031210 
•030314 

•019757 
•019100 
■018465 
•017851 
•017257 

•011519 
■011084 
■010665 
•O10263 
•009875 

601 

61 

611 

62 

621 

•167242 
•164789 
•162371 
•159989 
•157642 

<>93214 
•091404 
•089629 
•087888 
•086181 

•052245 
•050986 
•049757 
•048558 
•047388 

•029443 
■028598 
•027777 
■026979 
•026204 

•016683 
•016128 
•015591 
■015073 
•014571 

•009503 
•009144 
•008799 
•008466 
•008147 

63 

631 

64 

641 

65 

•155329 
•153051 
•150805 
•148593 
•146413 

•084508 
•082867 
•061258 
■079680 
•078132 

•046246 
^045131 
•044043 
•042982 
•041946 

•025452 
•024721 
•024011 
•023322 
•022652 

•014087 
■013618 
•013165 
•012727 
•012304 

•007839 
•007548 
•007259 
•006985 
•006721 

651 

66 

661 

67 

671 

•144265 
•14214« 
•140063 
•138008 
•135983 

■076615 
•075127 
•073668 
•072238 
•070835 

•040935 
•039949 
•038986 
•038046 
•037129 

■022002 
•021370 
•020756 
•020160 
•019581 

•011894 
•011499 
•011116 
■010746 
•010389 

006467 
•006223 
•005988 
■005762 
•005544 

68 
681 
69 
691 

70 

I 

•133988 
•132028 
•130086 
•128177 
•126297 

■069459 
•0681  lO 
•066788 
•065491 
•064219 

•036234 
•035361 
•034509 
■033677 
■032866 

•019019 
•018473 
•017943 
•017427 
•016927 

■010043 
■009709 
•009386 
•009074 
•008772 

•005335 
•005134 
•004940 
•004753 
■004574 

701 
71 

711 
72 

721 

-124444 
•122618 
•120619 
•119047 
•117300 

•062972 
•061749 
•060550 
•059374 
•058221 

•032074 
•031301 
•030546 
•029810 
•029092 

•016441 
•015969 
•015510 
•015065 
•014632 

•006480 
•006198 
■007926 
•007662 
•007407 

•004401 
•004235 
•004075 
•003921 
•003773 

73 

731 

74 

741 

75 

•115579 
•113884 
•112213 
•110567 
•108945 

.  •057090 
•055982 
•054895 
•058828 
•052783 

•028391 
•027706 
•027039 
■026387 
•025751 

•014212 
■013804 
•013408 
•013023 
•012649 

•007161 
•006922 
•006692 
•006470 
■006254 

•003631 
•003494 
•003362 
•003235 
•003113 

3K 


866 


COMPOUND  INTEREST  TABLES. 


Thb  Skcomd  Tablb  op  Comfovnd  ImrnvLEwt — contintietL 
Tht  present  Vmlue  of  One  Pound  payable  at  the  End  of  any  Number  of  Years,  &c. 


Ymn. 

Spar  C«nt. 

4per  Cmit 

0  par  Cant. 

6  per  Cant. 

7  par  Cant. 

•  per  Cent. 

751 

76 

761 

77 

771 

•107346 
•105772 
•104220 
•102691 
•101184 

•051758 
•050753 
•049767 
•048801 
•047853 

•025130 
•024525 
•023934 
•023357 
•022794 

•012285 
•011933 
•011590 
•011257 
•010934 

•006046 
•005845 
•005651 
005463 
•005281 

•002995      ; 
•002883      > 
•002773 
■002669 
■002568 

78 

781 

79 

791 

80 

801 

81 

811 

82 

821 

•099700 
•098237 
•096796 
•095376 
093977 

046924 
•046013 
•045119 
•044243 
043S84 

•022245 
•021709 
•021185 
•020675 
•020176 

•010620 
•010315 
•O10019 
•009731 
•009452 

•005105 
■004935 
■004771 
•004613 
•004459 

•002471 
•002378 
•002288 
■002201 
•002116 

092598 
•091239 
089901 
•088582 
•087282 

•042541 

•041715 

•040905 

•040111 

•039332 

•019690 
•019216 
•018753 
•018301 
•017860 

•009180 
•008917 
•006661 
•006412 
•006170 

■004311 
O04167 
•004029 
•003895 
•003765 

•0020S8 
•001961 
001887 
•001816 
001747 

83 

831 

84 

84i 

85 

•086002 
■084740 
•083497 
082272 
•081065 

•038568 
•03781 9 
•037085 
•036364 
•035658 

•017429 
•017009 
•016599 
•OI6I99 
•015809 

•007936 
O07708 
O07486 
•007272 
•007063 

•003640 
•003519 
•003402 
■003289 
■003179 

001682 
■001618 
001557 
•001498 
•001442 

851 

86 

861 

87 

871 

•079876 

•078704 

■077549 

•076411 

•075290 

-034966 
•034287 
•033621 
•032968 
•032328 

•015428 
•015056 
•014693 
•014339 
•013993 

•006860 
•006663 
•006472 
•006286 
■006105 

003073 
•002971 
■002872 
•002777 
•002684 

■001S87 
■001335 
■001284 
■001236 
•001189 

88 

88} 

89 

891 

90 

•074186 
•073098 
•072025 
•070968 
•069927 

•031700 
•031084 
•030481 
•029889 
O29308 

•013656 
•013327 
•013006 
■012692 
•012386 

•005930 
•005760 
•005594 
005434 
■005278 

•002595 
•002509 
•002425 
•002345 
•002267 

•001144 
■001101 
■001059 
■001019 
■000981 

901 

91 

911 

92 

921 

•068901 

•067891 

•066895 

•065913 

•064946 

•028739 
•028181 
•027634 
•027097 
•026571 

■012088 
•011797 
•011512 
•011235 
•010964 

•005126 
•004979 
•004836     • 
•004697 
•004562 

•002191 
■002118 
•002048 
001980 
•001914 

000944 
■000908 
000874 
■000841 
■000809 

93 

931 

94 

941 

95 

•063993 
■063054 
•062129 
•061218 
■060320 

•026055 
•025549 
•025053 
•024566 
•024089 

•010700 
•010442 
•010190 
•009945 
•009705 

•004431 
•004304 
•004180 
•004060 
003944 

001850 
•001789 
•001729 
•001671 
■001616 

■000779 
■000749 
■000721 
.000694 
■000667 

951 

96 

961 

97 

971 

•059435 
•058563 
•057704 
•056857 
•056023 

•023621 
•023163 
•022713 
•022272 
•021839 

•009471 
•009243 
•009020 
•008803 
•006590 

•003830 
■003720 
•003613 
•003510 
•003409 

•001562 
•001510 
■001460 
•001411 
•001364 

■00064S 
•000618 
•000595 
•000572 
■000551 

98 
981 
99 
991 
100 

i 

•055201 
•054391 
•053593 
•052807 
•052032 

•021415 
-020999 
•020592 
•020192 
•019800 

•008383 
•008181 
•007984 
•007792 
•007604 

•003811 
003216 
O03124 
003034 
•002947 

-001319 
001275 
001233 
•001192 
-001152 

•000590 
■00051O 
•00049O 
■00O472 
•000454 

Appindix.  compound  INTEREST  TABLES. 

Thk  Third  Tablk  op  Compound  Intbkest. 
The  Amount  of  One  Pound  per  Annum  in  any  Number  of  Years,  &c. 
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Yean. 

3  per  C«nt. 

4  per  Cent. 

6  per  Cent. 

6  per  Cent. 

7  per  Cent. 

8  per  Cent. 

i 

1 

u 

8 
21 

•496305 
1-000000 
1-511194 
8-030000 
2-556530 

•495097 
1-000000 
1-514901 
8-040000 
8-575497 

-493901 
l-OOOOOO 
1  -518596 
8*050000 
8-594526 

-492716 
1-000000 
1  -522279 
2-060000 
3-613616 

-491543 
KXXXXX) 
1  -525951 
2-070000 
2-632768 

-490381 
KXXXXX) 
1  '52961 1 
8-080000 
3-651980 

3 

31 

4 

5 

3  090900 
3-633226 
4-183627 
4-742222 
5-309135 

3-121600 
3-678517 
4-246464 
4-825658 
5-416322 

8  152500 
3-724252 
4-310125 
4-910465 
5-525631 

3-183600 
3-770433 
4-374616 
4-996659 
5-637093 

3-214900 
3-817061 
4-439943 
5-084256 
5-750739 

3-246400 
3-864138 
4-506112 
5-173270 
5-866600 

6 
7 

n 

5-884489 
6-468409 
7-061024 
7-662462 
8-872855 

6-018684 
6-632975 
7-259431 
7-898294 
8-549809 

6-155988 
6-801912 
7*463788 
8*142008 
8*836977 

6-396459 
6-975318 
7*674846 
8-393837 
9-134701 

6-440154 
7*153290 
7-890964 
8-654021 
9*443333 

6-587131 
7-335929 
8-114102 
8-933803 
9-763830 

8 

81 
9 

10 

8-892336 

9-521040 

10-159106 

10-806671 

11-463879 

9-214226 

9*891801 

10-582795 

11-287473 

18-006107 

9*549108 
10-278826 
11*026564 
11-792767 
12-577892 

9-897467 
10-688783 
U -491315 
13-333750 
13-180794 

10-359802 
ll-104rJ65 
11-977988 
12-881671 
13-816447 

10-636637 
11-544388 
13-487557 
13-467831 
14-486563 

101 

11 

HI 

13 

121 

12-130878 
18-807795 
13-494796 
14  192089 
14-899642 

18-738978 
13486351 
14-848531 
15-035805 
15  •81 8478 

13*382406 
14-206787 
15*051526 
15-917126 
16-804102 

14-063175 
14-971648 
15*906966 
16*869941 
17-861384 

14-783388 
15-783599 
16-818225 
17-888451 
18-995501 

15-545358 
16-645487 
17-788879 
18-977126 
80-211989 

13 

131 

14 

141 

15 

15-617790 
16-346631 
17-086324 
17-837030 
18-598913 

16  •686837 

17  45 1811 

18  •891911 
19149260 
80  •083587 

17*712982 
18*644307 
19*598631 
20-576523 
21  -578563 

18-883137 
19-933067 
81-015065 
83139051 
33-375969 

20-140642 
21-325186 
22*550487 
23-817949 
25-129028 

81  -495296 
22*828948 
84-214920 
25-655264 
27-152113 

151 

16 

161 

17 

171 

19-372141 
20-156881 
20-953305 
81-761587 
88-581904 

20-915230 
21  824531 
22'751839 
83  •697513 
84-661913 

22-605349 
23*657491 
24*735616 
25-840366 
86-978397 

24-456794 
25-672538 
36-984303 
38-313879 
39-539654 

86 '485805 
87-888053 
29-339170 
30-840217 
32-392912 

28-707685 
30-324283 
32-004300 
33*750225 
35-564644 

18 

181 

19 

191 

80 

23-414435 
24-259361 
25-116868 
25-987142 
86-870374 

85-645418 
86-648389 
87-671829 
28-714325 
29-778078 

88-133384 
39*381017 
30*539003 
31*787068 
33*065954 

30-905653 
33*313033 
33*759991 
85-350755 
36-785591 

33-999032 
35-660416 
37-378964 
39-156645 
40-995492 

37-450243 
39-409816 
41  -446263 
43-562601 
45-761964 

801 

21 

211 

88 

881 

87-766756 
28-676485 
29-599759 
30-536780 
31  -487752 

30-862898 
31-969201 
33-097414 
34-247969 
35*421310 

34-376431 
85-719251 
37*095343 
38*505314 
39-950005 

38*365801 
39-993736 
41  -667749 
43-392390 
45*167814 

42*897610 
44-865176 
46-900443 
49-005739 
51-188474 

48-047609 
50^22921 
52-891418 
55-456755 
58  122731 

83 

831 

34 

841 

85 

32-452883 
33-432385 
34-426470 
35-435356 
36-459264 

36*617888 
37-838163 
39-088604 
40*351689 
41-645908 

41  -430475 
42*947505 
44*501998 
46-094880 
47-727098 

46*995837 
48*877882 
50-815577 
52-810555 
54*864512 

53-436140 
55-766317  * 
58176670 
60-669959 
63-249037 

60-893895 
63-773550 
66-764759 
69-874354 
73*105939 

■-    - 

dK2 

- 

• 

- 
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COMPOUND  INTEREST  TABLES. 


AmiiM^ 


Thk  Thikd  Table  or  Compouwd  Iktkeist  —  continmed. 
The  Amount  of  One  Found  per  Annum  in  uiy  Number  of  Years,  &c. 


Yran. 

9  per  Ceot 

4  per  Cent. 

6  per  Cent. 

6  per  Cent. 

7  per  Cent. 

6  per  Cent. 

1 

25) 

26 

26) 

27 
27) 

37-498417 
38-553042 
39-623369 
40-709633 
41-812070 

42-965757 
44-311744 
45-684387 
47-084214 
48-511763 

49-399624 
51-113453 
52-869605 
54-669126 
56-513086 

56-9791 89 
59-156382 
61  -397940 
63-705765 
66-081817 

65*916856 
68-676470 
71  -531036 
74-483823 
77-538209 

76-464302 
79*954415 
83*581446 
87-350768 
91-267962 

28 

28) 

29 

29) 

30 

42-930922 
44-066433 
45-218850 
46-388425 
47-575415 

49-967582 
51  -452233 
52-966286 
54-510323 
56-084937 

58-402582 
60-338740 
62-322711 
64-355677 
66-438847 

68-528111 
71-046726 
73-639798 
76-309529 
79058186 

80-697690 
83-965884 
87-346529 
90*843495 
94-460786 

95*3S88S9 

99-569399 

103-965936 

106-534951 

113-283211 

30) 

31 

31) 

32 

32) 

33 

33) 

34 

34) 

35 

48-780078 
50-002678 
51  -243481 
52-502758 
53-780785 

57-690735 
59-328335 
60-998365 
62-701468 
64-438300 

68-573461 
70-760789 
73-002134 
75-298829 
77-652241 

81*888101 
84-801677 
87*801387 
90*889778 
94 -069470 

98-202540 
102*073041 
106*076718 
110-218154 
114-502088 

118-217747 
123*345868 
128-675167 
134-213537 
139*969180 

55-077841 
56-894209 
57-730176 
59-086035 
60*462081 

66-209527 
68-015832 
69-857908 
71-736465 
73^52224 

80-063770 
82-534853 
85-066959 
87-661596 
90-320307 

97-343164 
100*713639 
104*183754 
107-756457 
111-434779 

118-933425 
123-517234 
128-258764 
133-163441 
138-236878 

145-950620 
152-166715 
158-626670 
1 65 -34005S 
172-316608 

35) 

36 

36) 

37 

37) 

61-858616 
63-275944 
64-714374 
66-174222 
67-655806 

75-605923 
77-598313 
79-630160 
81  -702246 
83-81  rS67 

93-044675 

95-836322 

98-696909 

101-628138 

104-631755 

115-221844 
11 91 20866 
123  135155 
127-268118 
131-523264 

143-484882 
148*913459 
154-528824 
160-337402 
166-345841 

179-567256 
167-102147 
194-932637 
203-070319 
21 1  *527248 

38 

38) 

39 

39) 

40 

69-159449 
70-685480 
72-234232 
73-806044 
75-401259 

85  970336 
88-167982 
90-409149 
92-694701 
95-025515 

107-709545 
110-863342 
114-095023 
117-406510 
120-799774 

135-904205 
140-414660 
145-058458 
149-839540 
154*761965 

172*561020 
178-990050 
185*640291 
192*519354 
199*635111 

220-315945 
229*449428 
236-941221 
248-605362 
259-056518 

40) 
41 

42 
42) 

77-020226 
78-663297 
80330832 
82-023196 
83-740757 

97-402489 

99*826536 

102-296588 

104-819597 

107-390532 

124-276835 
127-839762 
131-490677 
135-231751 
139-065211 

159*829912 
165*047683 
170*419707 
175-950544 
181*644890 

206*995708 
214-609569 
222-485408 
230^32239 
239-059387 

269-709812 
280-781040 
292-266597 
304-243523 
316*669525 

43 

43) 

44 

44) 

45 

85-483892 
87-252980 
89-048409 
90-870570 
92-719861 

110-012381 
112-686153 
115-412876 
118-193599 
121-029392 

142*993338 
147-018471 
151  143005 
155-369395 
159-700155 

187*507577 
193-543583 
199-758031 
206-156198 
212-743513 

247-776496 
256-793544 
266-120651 
275*769092 
285-749310 

329*563005 
343*003087 
356-949645 
371  -443334 
366*505617 

45) 

46 

46) 

47 

47) 

94-596687 

96-501457 

98-434587 

100-396500 

102-387625 

123-921343 
126-870567 
129*878197 
132-945390 
136-073325 

164-137865 
168^85163 
173-344758 
178119421 
183-011996 

219-525570 
226-508124 
233-697104 
241-098612 
248-718930 

296-072928 
306*751762 
317*798033 
329*224385 
341-043896 

402-156801 
418-426066 
435*331505 
452*900152 
471*158026 

48 

48) 

49 

49) 

50 

104-408395 
106-459254 
108-540647 
110^53031 
112-796867 

139-263206 
142-516258 
145-833734 
149-216908 
152-667083 

188-025392 
193-162596 
198-426662 
203-820725 
209*347995 

256-564528 
264-642066 
272-958400 
281.-520590 
290-395904 

353*270093 
365-916-969 
378-998999 
392-531156 
406-528929 

490-132164 
509-850668 
530*342737 
551  -638721 
573-770156 

AmifDix. 


COMPOUND  INTEREST  TABLEa 
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Thi  Third  Table  op  Compound  Imtxebst>— coh^jkna/. 
Hie  Amount  of  One  Pound  per  Annum  in  any  Number  of  Years,  See* 


Yean. 

3  per  Cent. 

4  per  Cent. 

6  per  Cent. 

6  per  Cent. 

7  per  Cent 

8  per  Cent. 

501 
51 
511 
52 

5^ 

114-972622 
117-180773 
119*421801 
121-696196 
124*004455 

156-185585 
159*773767 
163-433008 
167-164717 
170-970329 

215-011762 
220-815395 
226-762350 
232-856165 
239-100467 

299-411826 
308-756058 
318-376535 
328-281422 
338-479127 

421  -006337 
435*985954 
451  -478921 
467*504971 
484-082445 

596*769819 
620-671768 
645*511405 
671*325510 
698*152317 

53 

531 

54 

541 

55 

126-347082 
128-724589 
131-137494 
133-586326 
136-071619 

174-851306 
178-809142 
182-845358 
186-961507 
191*159173 

245-498973 
252-055491 
258-773922 
265-658265 
272-712618 

348-978307 
359*787875 
370-917006 
382-375148 
394*172026 

501-230319 
518-968217 
537-316441 
556-295992 
575-928592 

726-031551 
755*004502 
785-114075 
816-404863 
848*923201 

551 

56 

561 

57 

571 

138-593916 
141-153768 
143-751734 
146-388381 
149-064286 

195*439968 
199-805539 
204-257567 
208-797761 
213*427869 

279-941178 
287-348249 
294-938237 
302-715661 
310*685149 

406*317657 
418-822348 
431*696716 
444*951689 
458*598519 

596-236711 
617-243594 
638-973281 
661  -450645 
684-701411 

882-717252 
917-637057 
954-334632 
992-26402'i 
1031-681403 

58 

581 

59 

591 

60 

151  -780032 
154-536214 
157-333433 
160-172301 
163-053436 

218*149672 
222-964984 
227*875658 
232*883583 
237-990685 

318-851444 
327-219407 
835-794017 
344-580377 
353-583717 

472*648790 
487*114430 
502-007717 
517*341296 
533*128180 

708*752190 
733-630510 
759-364844 
785-984645 
813-520383 

1072-645143 
1115*215915 
1159-456755 
1205*433188 
1253-213295 

601 

61 

611 

62 

621 

165-977470 
168-945039 
171-956794 
175-013391 
178-115498 

243*198927 
248*510312 
253*926884 
259*450725 
265  "083959 

362-809396 
372-262903 
381-949866 
391  -876048 
402-047359 

549*381774 
566-115871 
583-344680 
601  -082824 
619*345361 

842-003571 
871*466810 
901  -943821 
933-469486 
966-079888 

1302-867843 
1354-470359 
1408-097271 
1463-827988 
1521-745052 

63 

6.S1 

64 

641 

65 

181  -263792 
184-458963 
187*701706 
190-992732 
194-332757 

270*828754 
276-687318 
282-661904 
288-754810 
294-968380 

412-469851 
423-149727 
434-093343 
445-307214 
456-798011 

638*147793 
657*506083 
677-436661 
697-956448 
719-082860 

999-812350 
1034-705480 
1070-799215 
1108  134864 
1146*755160 

1581-934227 
1644-484656 
1709-488965 
1777^043429 
1847*248082 

651 

66 

661 

67 

671 

197*722513 
201  -162740 
204-654189 
208-197622 
211-793815 

301  -305003 
307*767115 
314-357203 
321  -077800 
327*931491 

468-572574 
480-63791 1 
493<X)120S 
505-669807 
518-651263 

740-833835 
763-227882 
786*283865 
810-021502 
834*460897 

1186-704304 
1228*028021 
1270*773606 
1314-989983 
1360*727758 

1920*206903 
1996-027929 
2074-823456 
2156*710163 
2241  -809332 

68 

681 

69 

691 

70 

215-443551 
219-147629 
222-906858 
226-722058 
230-594063 

334*920912 
342048751 
349-317748 
356-730701 
364-290458 

531  -953297 
545-583826 
559-550962 
573-863018 
588*528510 

859*622792 
885*528550 
912*200160 
939-660263 
967*932169 

1406-039282 
1456-978701 
1507-602032 
1559-967211 
1614-134174 

2330*246976 
2422-154079 
2617-666734 
2616*926405 
2720-060073 

701 
71 

711 
72 

721 

234-523720 
238-511885 
242-559431 
246-667242 
250*836214 

371*999929 
379-862077 
387*879926 
396-056560 
404*395123 

603*556169 
618-954936 
634-733977 
650*902683 
667-470676 

997-039879 
1027-008099 
1057*862272 
1089-628585 
1122*334008 

1670-164915 
1728-123566 
1788*076459 
1850-092216 
1914*241812 

2827-280518 
2938-686479 
3054-462959 
3174-781398 
3299-819996 

73 

731 

74 

741 

75 

255-067259 
259-361301 
263-719277 
268-142140 
272-630855 

412-896822 
421  -570928 
430-414775 
439-433765 
448-631366 

684-447817 
701-844210 
719*670208 
737*986420 
756^53718 

1156-006300 
1190*674049 
1226*366679 
1263*114492 
1300-948679 

1980-598671 
2049-238738 
2120*240578 
2193-685450 
2269*657418 

3429-763909 
3564-805596 
3705-145022 
3850*990043 
4002*556624 
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COMPOUND  INTEREST  TABLEa 


AlTKHDIX. 


Thb  Third  Tablb  or  Compound  Imtsexst— cotitiiMMdL 
The  Amount  of  One  Pound  per  Annum  in  any  Number  of  Yean»  &c 


Yew*. 

8  per  Cent 

4  per  Cent. 

6  per  Cent. 

6  per  Cent 

7per  Cent, 

• 

8  per  Cent. 

75) 

76 

76) 

77 

77) 

277-186404 
281-809781 
286-501996 
291  -264074 
296-097056 

458-011116 
467-576621 
477*331560 
487-279686 
497*424823 

775-833241 
795-486404 
815^24903 
836*260724 
857-406149 

1339-901 361 
1380O05600 
1421-295443 
1463*605936 
1507-573170 

2346*243432 
2429*533437 
2513-620472 
2600-600778 
2690-573905 

4160-069947 
4323*761154 
4493*674766 
4670-66SO46 
4654-384769 

78 

78) 

79 

79) 

80 

301-001996 
305-979968 
31 1  *OS2056 
316-159367 
321*363018 

507*770873 
518-321816 
529*081708 
540-054688 
551  -244976 

879-073760 
901*276456 
924-027446 
947*340279 
971  -228821 

1552-634292 
1599-027560 
1646-792350 
1695*969214 
1746-599891 

2783-642833 
2679-914076 
2979497631 
3062*508064 
3169-062679 

5O45-S15O10 
5243*735551 
5449*94001 1 
5664-234395 
5866*93542i 

80) 

81 

81) 

82 

82) 

326-644148 
332-003909 
337-443472 
342-964026 
348-566776 

562-656876 
574*294775 
586-163151 
598-266566 
610*609677 

995-707293 
1020*790262 
1046-492658 
1072*829775 
1099-817290 

1798*727367 
1852-395884 
1907-651009 
1964*539637 
2023  110069 

S299-8836S8 
3413-297067 
3531  -233482 
3653-227861 
3779-419826 

61 18*373147 
6358'89026a 
6608*842999 
6668^01 463 
7138*550438 

83 

83) 

84 

84) 

85 

354-252947 
360-023780 
365-880535 
371-824493 
377-856951 

623*197229 
636-034064 
649-125118 
662*475427 
676-090123 

1127*471264 
1155*808155 
1184-844827 
1214-598563 
1245-087068 

2063-412016 
2145*496673 
2209*416737 
2275*226474 
2342-961741 

3909-953812 
4044*979214 
4164*650579 
4329*127759 
4476-576119 

7419-069602 
7710*634474 
6013-616770 
6386*465232 
6655*706112 

85) 

86 

86) 

87 

87) 

383-979228 
390192660 
396-498605 
402-898440 
409-393563 

689*974444 
704-133728 
718-573422 
733-299077 
746-316358 

1276-328491 
1308*341422 
1341*144916 
1374-758493 
1409-202161 

2412-740062 
2464-560645 
2558-504466 
2634-634284 
2713*014734 

4633*166702 
4793-076446 
4956-486372 
5129-591799 
5306-562558 

6995*764050 

9349-1 6260d 

9716-425174 

10096-095609 

10494*739186 

88 

88) 

89 

89) 

90 

415-985393 
422-675370 
429-464955 
436-355631 
443-348903 

763-631040 
779-249013 
795176282 
811-418973 
827*983333 

1444-496418 
1480-662269 
1517-721238 
1555*695383 
1594*607300 

2793*712341 
2876*795618 
2962-335082 
3050-403355 
3141*075187 

5489-663225 
5679-043337 
5874*939651 
6077*576370 
6287*165426 

10906*943257 
11335*318323 
11780*498716 
12243*143789 
12783*938615 

90) 

91 

91) 

92 

92) 

450*446300 

457*649370 

464-959689 

472-378851 

479-906480 

844*875732 
862-102667 
879*670762 
897-586773 
915-857592 

1634-480152 
1675*337665 
1717*204160 
1760*104549 
1804 -064368 

3234*427556 
3330*539696 
3429*493210 
3531  *372060 
3636*262608 

6504-006716 
6726*266406 
6960*267186 
7200-268595 
7446*507289 

13223*595292 

13742*8537Q5J 

14282*462916 

14643-262001 

15426-081549 

93 

93) 

94 

94) 

95 

487-550217 
495-305734 
503*176723 
511*164906 
519*272025 

934*490244 
953*491896 
972-869854 
992-631572 
1012*784648 

1849*109776 
1895-267586 
1942-565265 
1991-030965 
2040*693528 

3744-254405 
3855*438571 
3969-909669 
4087*764665 
4209*104249 

7705*287396 
7970-902SOO 
8245*657514 
8529*865996 
8623-853540 

16031*744561 
16661*168073 
17315*284126 
17995-061519 
16701*506656 

95) 

96 

96) 

97 

97) 

527*499853 
535*850186 
544-324849 
552*925692 
561-654594 

1033-336834 
1054*296034 
1075*670308 
1097*467875 
1119-697120 

2091-582514 
2143-728205 
2197-161639 
2251-914615 
2306-019721 

4334-030778 
4462-650504 
4595-072625 
4731  -409534 
4871  •776962 

9127-956615 

9442-523286 

9767*913579 

10104-499918 

10452-667529 

19435*666440 
20196*687405 
20991-519756 
21615*517597 
22671*641336 

98 
98) 
99 
99) 
100 

570*513462 
579*504232 
588-628866 
597*889359 
607*287732 

1142*366590 
1165*485005 
1189-061254 
1213-104405 
1237*623704 

2365*510346 
2424*420708 
2484-785863 
2546*641743 
2610025156 

5016*294106 
5165-063601 
5316-271753 
5475-966617 
5636-368058 

10812*614912 
11165*354256 
11570*711956 
11969*329054 
18361*661793 

83561-759005 
84466*586643 
85447*699786 
86446*515734 
87484*515704 
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COMPOUND  INTEREST  TABLE& 


871 


Thc  Fourth  Table  op  Compound  IvrmMmn. 
The  prosent  Value  of  One  Pound  per  Annum  for  any  Number  of  Years  to  come,  &€. 


Yean. 

Spar  Cent. 

4  par  Cent. 

6  par  Cent. 

6  per  Cent. 

7  per  Cent 

8  per  Cent. 

1 

H 

2 

2) 

•489024 

•970873 

1  -445654 

1-913469 

2-374421 

-485483 

•961538 

1  -428349 

1-886094 

2-334951 

-481998 

-952380 

1-411427 

1  -859410 

2*296597 

•478568 

-943396 

1  -394876 

1  *833392 

2-259317 

-475198 

-934579 

1*378685 

1-808018 

2-223070 

•471869 

•925925 

1  •362842 

1  -783264 

2-187816 

3 

H 

4 

H 

5 

2-828611 
3-276137 
3-717098 
4-151589 
4-579707 

2-775091 
3-206683 
3-629895 
4-044888 
4-451822 

2-723248 
3*139616 
3-545950 
3-942491 
4-329476 

2-673011 
3-074827 
3*465105 
3-844177 
4-212363 

2-624316 
3*0122215 
3-887211 
3-749733 
4-100197 

2-577096 
2-951682 
3-312126 
3-658964 
3-992710 

5) 
6 

7 
7) 

8 

9 

91 
10 

5-001543 
5-417191 
5-826741 
6-230282 
6-627904 

4-850854 
5-242136 
5-625821 
6-002054 
6-370981 

4-707135 
5-075692 
5-435366 
5-786373 
6-128920 

4-569978 
4*917324 
5-254696 
5-582381 
5*900657 

4-439003 
4-766539 
5-083180 
5-389289 
5*685215 

4-313856 
4-622879 
4-920237 
5-206370 
5-481701 

7-019692 
7-405732 
7-786108 
8  160905 
8-530202 

6-732744 
7-087482 
7-435331 
7-776425 
8  110895 

6-463212 
6-789448 
7-107821 
7-418522 

7-721734 

6*209793 
6-510053 
6*801692 
7-084956 
7-360087 

5-971298 
6-247865 
6-515232 
6-773705 
7*023581 

5-746638 
6*001575 
6-246887 
6-482940 
6-710081 

10) 

11 

11) 

12 

12) 

8-894082 
9-252624 
9-605905 
9-954003 
10-296995 

8-438870 
8-760476 
9-075837 
9-385073 
9-688305 

8-017640 

8-306414 

8-588228 

8-863251 

9-131646 

7-627317 
7-886874 
8-138978 
8-383843 
8-621678 

7*265145 
7*498674 
7-724435 
7-942686 
8-153677 

6-928648 
7*138964 
7*341340 
7*536078 
7*723463 

13 

13.1 

14 

14) 

15 

10-634955 
10-967956 
11-296073 
11-619375 
1 1  -937935 

9-985647 
10-277216 
10-563122 
10-843477 
11-118387 

9-393572 

9-649187 

9-898640 

10-142082 

10-379658 

8-852682 
9-077054 
9-294983 
9 -506655 
9-712248 

8-357650 
8-554838 
8-745467 
8-929756 
9107914 

7-903775 
8*077281  . 
8*244236 
8*404890 
8-559478 

15) 

16 

16) 

17 

17) 

12-251821 
12-561102 
12-865845 
13-166118 
13-461986 

11-387958 
11-652295 
11-911499 
12-165668 
12-414902 

10*611507 
10-837769 
11-058578 
11-274066 
11-484360 

9-911939 
10-105895 
10-294282 
10-477259 
10-654983 

9-280145 
9-446648 
9-607612 
9-763222 
9-913656 

8-708231 
8-851369 
8-989103 
9-121638 
9-249169 

18 

18) 

19 

19) 

20 

13-753513 
14-040763 
14-323799 
14-602682 
14-877474 

12-659296 
12*898945 
13-133939 
13-364370 
13-590326 

11-689586 
1 1  -889867 
12-085320 
12-276064 
12-462210 

10-827603 
10-995267 
11-158116 
11-316289 
11-469921 

10.059086 
10-199679 
10-335595 
10-466990 
10-594014 

9*371887 
9-489971 
9-603599 
9-712937 
9-818147 

20) 

21 

21) 

22 

22) 

15-148235 
15-415024 
15-677898 
15-936916 
16-192134 

13-811894 
14-029159 
14-242206 
14-451115 
14-655967 

12-643870 
12-821152 
12-994162 
13-163002 
13-827773 

11-619141 
11-764076 
11-904850 
12-041581 
12-174387 

10-716813 
10-835527 
10-950292 
11-061240 
11-168497 

9-919386 
10-016803 
10-110542 
10-200743 
10-287539 

i    23 
t    23) 
24 
24) 
25 

16*443608 
16-691392 
16-935542 
17-176109 
17-413147 

14-856841 
15-053814 
15-246963 
15-436360 
15*622079 

13-488573 
13-645498 
13*798641 
13*948094 
14-093944 

12-303378 
12-428667 
12-550357 
12-668553 
12-783356 

11*272187 
11-.S72427 
1 1  -469334 
11-563016 
11-653583 

10*371058 
10-451425 
10-528758 
10-603171 
10*674776 
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COMPOUND  INTEREST  TABLE& 


The  Fourth  Tablb  op  CoicrouHD  Imtbab«t— «0"fMMedL 
The  present  Value  of  One  Pound  per  Annum  for  any  Number  of  Years  to 


Gome,&c. 


Ymti. 

Sper  Cent. 

4  per  Coat. 

ft  percent. 

6  per  Gent. 

7per  C«nt. 

8per  CenL 

251 

26 

261 

27 

271 

17-646708 
17-876842 
18*103600 
18-327081 
18-547184 

15-804192 
15-982769 
16-157877 
16-329585 
16-497959 

14*236280 
14-375185 
14-510742 
14-643033 
14-772136 

12*894862 
13-003166 
13-108360 
13-210534 
13*309774 

11*741137 
11-825778 
11 -907604 
11-986709 
1206S182 

10*743677 
10-8O9977 
10*873775 
10*935164 
10-994236 

28 

281 

29 

291 

30 

18*764108 
18-977849 
19-188454 
19*395970 
19-600441 

16-663063 
16-824960 
16*983714 
17-139385 
17*292033 

14*898127 
15*021082 
15*141073 
15-258173 
15-372451 

13-406164 
13*499786 
13*590721 
13-679044 
13*764831 

12*137111 
12-208581 
12-277674 
12-344468 
12-409041 

11*051078 
1 1  -105774 
11-158406 
11*209050 
11-25778S 

301 

31 

311 

32 

321 

19-801912 
20<X)0428 
20-196031 
20-388765 
20*578671 

17-441716 
17-588493 
17-732419 
17*873551 
18-011942 

15*483974 
15*592810 
15-699023 
15-802676 
15*903831 

13-848154 
13-929085 
14-007693 
14-084043 
14-158201 

12*471465 
12*531814 
12*590155 
12-646555 
12*701079 

11*304676 
11-349799 
11-393218 
11*434999 
11-47520S 

33 

331 

34 

341 

35 

20*765791 
20*950166 
21*131836 
21  *310841 
21-487220 

18*147645 
18-280713 
18*411197 
18-539147 
18-664613 

16-002549 
16-098887 
16-192904 
16-284654 
16-374194 

14-230229 
14-300189 
14-368141 
14*434141 
14-498246 

12-753790 
12-804747 
12*854009 
12-901632 
12-947672 

11-513888 
11*551113 
11-586933 
11*621401 
11*654568 

351 

36 

361 

37 

371 

21*661011 
21*832252 
22-000981 
22167235 
22*331050 

18-787642 
18-906281 
19-026578 
19-142578 
19*256325 

16-461575 
16*546851 
16-630072 
16-711287 
16*790545 

14-560510 
14-620987 
14-679727 
14-736780 
14*792195 

12*992180 
13-035207 
13-076804 
13-117016 
13-155891 

1 1  *686482 
11*717192 
11*746743 
11*775178 
11*802540 

38 

381 

39 

391 

40 

22*492461 
22-651505 
22*806215 
22-962626 
23-114771 

19-367864 
19-477236 
19-584484 
19-689650 
19-792773 

16-867892 
16*943376 
17-017040 
17-088929 
17*159086 

14-846019 
14*898297 
14-949074 
14-998393 
15-046296 

13-193473 
13-229805 
13-264928 
13*298883 
13-331708 

1 1  -828868 
11-854203 
11*878582 
11-902040 
11*924613 

401 

41 

411 

42 

421 

23-264685 
23-412399 
23-557947 
23-701359 
23-842667 

19-893894 
19*993051 
20-090283 
20-185626 
20-279118 

17-227552 
17*294367 
17*359573 
17-423207 
17-485308 

15-092824 
15-138015 
15-181909 
15-224543 
15-265952 

13*363442 
13-394120 
13*423777 
13-452448 
13-480166 

11*946333 
11*967234 
11*987346 
12-006698 
12-025320 

43 

431 

44 

441 

45 

23-981902 
24*119094 
24-254273 
24-387470 
24-518712 

20*370794 
20*460690 
20-548841 
20*635279 
20-720089 

17-545911 
17-605055 
17-662773 
17*719100 
17-774069 

15-306172 
15-345238 
15*383182 
15-420086 
15*455832 

13-506961 
13*532865 
13-557908 
13-582117 
13-606521 

12-043239 
12-06048S 
12-077073 
12-093038 
12-108401 

451 

46 

461 

47 
471 

24-648029 
24-775449 
24-900999 
25-024707 
25-146601 

20*803153 
20*884653 
20-964570 
21  -042936 
21-119779 

17-827714 
17-880066 
17-931156 
17-981015 
18-029673 

15*490600 
15-524369 
15-557169 
15*589028 
15-619971 

13*628147 
13-650020 
13-671165 
13^91607 
13*711369 

12123184 
12*137408 
19*151096 
12*164267 
12176941 

48 

481 

49 

491 

50 

25*266706 
25-385049 
25-501656 
25-616553 
25-729763 

21-195130 
21-269018 
21-341472 
21-412518 
21-482184 

18-071157 
18-123498 
18*168721 
18-212855 
18-255925 

15-650026 
15-679218 
15*707572 
15*735111 
15-761860 

13*730474 
13*748943 
13-766798 
13*784059 
13<800746 

12*189136 
12-200671 
12-212163 
12-223029 
12-233484- 
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Thk  Fourth  Tablx  or  CoMrouMo  IwEBftxn  —  comiinmBeL 
The  present  Value  of  One  Pound  per  Annum  for  any  Number  of  Years  to  come,  &c. 


Yean. 

3  per  Cent. 

4  per  Cent 

5  per  Cent. 

6  per  Cent. 

7  per  Cent. 

8  per  Cent. 

501 

51 

511 

52 

521 

25-841313 
25*951227 
26-059528 
26166239 
26*271386 

21-550498 
21-617485 
21-683171 
21-747581 
21-810741 

18*297957 
18-338976 
18*379007 
18*418072 
18*456197 

15-787841 
15-813076 
15-837586 
15-861392 
15-884515 

13-816878 
13-832473 
13-847549 
13-862124 
13-876214 

12-243545 
12-253226 
12-262542 
12-271506 
12-280131 

53 

531 

54 

541 

55 

26*374990 
26-477074 
26*577660 
26*676771 
26*774427 

21-872674 
21  -933405 
21-992956 
22-051351 
22*108612 

18-493402 
18*529711 
18*565145 
18-599725 
18*633471 

15-906974 
15*928788 
15-949975 
15-970554 
15-990542 

13*889835 
13-903004 
13-915734 
13-928041 
13-939938 

12-288431 
12-296418 
12-304103 
12-311498 
12-318614 

551 

56 

561 

57 

571 

26-870651 
26-965463 
27-058884 
27-150935 
27*241635 

22-164760 
22-219819 
22-273808 
22-326749 
22-378662 

18*666405 
18*698544 
18-729909 
18*760518 
18*790390 

16-009957 
16-028814 
16-047129 
16-064918 
16-082197 

13-951440 
13-962559 
13-973306 
13-983700 
13-993746 

12-325461 
12-332050 
12  538390 
12344490 
12-350361 

58 

581 

59 

591 

60 

27-331005 
27*419063 
27-505830 
27-591324 
27-675563 

22-429566 
22-479482 
22*528429 
22*576425 
22-623489 

18-819541 
18*847990 
18-875754 
18-902848 
18-929289 

16-098980 
16-115280 
16-131113 
16-146491 
16-161427 

14-003458 
14*012847 
14-021923 
14-03(5^98 
14039181 

12-356010 
12*361445 
12*366675 
12*371708 
12*376551 

60} 

61 

611 

62 

621 

27*758567 
27-840853 
27-920939 
28-000342 
28-078581 

22-669640 
22-714894 
22-759269 
22-802782 
22-845451 

18-955093 
18*980275 
19-004851 
19-028834 
19-052239 

16-175935 
16-190026 
16-203712 
16*217005 
16*229917 

14-047381 
14-055309 
14-062973 
14-070382 
14077545 

12-381211 
12-385696 
12-390011 
12-394163 
12-398158 

63 

631 

64 

641 

65 

651 

66 

66i 

67 

671 

28-155672 
28-231632 
28-306478 
28-380225 
28*452891 

22-887291 
22-928318 
22-968549 
23-007998 
23-046681 

19-075080 
19-097370 
19*119123 
19-140352 
19-161070 

16-242458 
16-254639 
16*266470 
16-277961 
16*289122 

14-084469 
14-091163 
14-097635 
14103891 
14-109939 

12*402002 
12*405702 
12-409261 
12-412687 
12-415983 

28*524491 
28*595040 
28-664554 
28-733048 
28-8005^8 

23-084614 
23-121809 
23*158282 
23-194047 
23-229118 

19-181288 
19-201019 
19-220274 
19-239066 
19-257404 

16-299963 
16-310493 
16-320720 
16-330653 
16-340302 

14-115786 
14-121438 
14-126903 
14-132185 
14-137292 

12-419154 
12.422206 
12-425143 
12*427969 
12*430688 

68 

681 

69 

691 

70 

28-867037 
28-932561 
28-997123 
29-060739 
29123421 

23-263507 
23*297228 
23-330295 
23*362720 
23-394514 

19*275301 
19-292766 
19-309810 
19-326444 
19*342676 

16*349673 
16-358775 
16-367616 
16*376203 
16-384543 

14-142229 
14  147002 
14-151616 
14-156077 
14-160389 

12*433304 
12-435822 
12-438245 
12-440576 
12-442819 

701 

71 

711 

72 

721 

73 

731 

74 

741 

75 

29-185183 
29-246040 
29*306003 
29-365087 
29*423304 

23-425692 
23*456264 
23^86242 
23-515638 
23*544464 

19-358518 
19-373977 
19*389064 
19-403788 
19-418157 

16-392644 

16*400513 

16-408155 

16-415578/ 

16-422788 

14-164558 
14-168588 
14-172484 
14-176250 
14179891 

12*444978 
12-447055 
12-449053 
12-450977 
12-452827 

29*480667 
29*537188 
29*592881 
29*647756 
29-701886 

23-572729 
23-600446 
23-627624 
23-654275 
23-680408 

19*432179 
19-445863 
19*459218 
19-472251 
19-484969 

16*429790 
16*436592 
16*443198 
16*449615 
16*455848 

14-183411 
14-186814 
14*190104 
14-193284 
14*196359 

12*454608 
12-456321 
12  457970 
12-459557 
12-461083 

S7I 
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Tms  Foueth  Tablx  or  CoxfOUMo  IwnMMm '■~- comHnmML 
Tlie  prMeut  Value  of  One  Pound  per  Annum  tor  any  Number  of  Years  to  come,  &e. 


Yevs. 

Sper  Caot. 

4  per  Cent 

6  per  Cent. 

6  par  Cent 

7  per  Cent. 

SperCcot. 

751 

76 

761 

77 

771 

29*755103 
29-807598 
29*859323 
29-910289 
29*960508 

23-706033 
23*731161 
23-755801 
23-779963 
23*803655 

19-497382 
19-509495 
19-521316 
19*532852 
19-544110 

16-461901 
16-467781 
16-473492 
16-479038 
16-484426 

14*199331 
14-202204 
14-204982 
14-207668 
14-210264 

12*462553 
12*463966 
12*465326 
12*466635  t 
12*467895 

78 

781 

79 

791 

80 

SO  009989 
30  058745 
30-106786 
30-154128 
30-200763 

23-826887 
23-849668 
23-879007 
23-893912 
23-915391 

19-555097 
19-565819 
19*576283 
19*586495 
19-596460 

16-489659 
16*494741 
16-499678 
16*504473 
16-509130 

14*212774 
14*215200 
14-217545 
14-219813 
14-222005 

12^469107 
12-470273 
12*471395 
12-472475 
12-473514 

801 

81 

811 

82 

821 

30-246720 
30-292003 
30-336621 
30-380585 
30-423904 

23-936454 
23-957107 
23-977359 
23*997218 
24-016692 

19-606185 
19-615676 
19-624938 
19*633977 
19-642798 

16*513654 
16-518047 
16*522315 
16*526460 
16-530486 

14-224124 
14*226173 
14-228153 
14-230068 
14-231919 

12*474514 
12-475476 
I2-476402 
12*477292 
12-478150 

83 

831 

84 

841 

85 

30-466588 
30-508645 
30-550085 
30-590917 
30-631151 

24-035787 
24-054511 
24-072872 
24-090876 
24*108531 

19^51407 
19-659808 
19-668007 
19-676008 
19*683816 

16-534396 
16-538194 
16-541883 
16*545466 
16-548946 

14*233708 
14*235438 
14*237111 
14-238727 
14-240290 

12-478974 
12-479768 
12-480532 
12*481267 
12*481974 

851 

86 

861 

87 

871 

30-670794 
30-709855 
30*748343 
30-786267 
30-823634 

24-125842 
24-142818 
24*159464 
24-175786 
24-191792 

19-691436 
19-698872 
19-706129 
19-713212 
19-720123 

16-552326 
16-555610 
16-558798 
16-561896 
16-564904 

14-241801 
14-243262 
14-244674 
14-246039 
14-247359 

12*482654 
12-483309 
12-483939 
12*484545 
12*485129 

88 

881 

89 

891 

90 

30-860453 
30-896732 
30-932479 
30-967701 
31-002407 

24-207487 
24-222877 
24-237968 
24-252766 
24*267277 

19-726868 
19-733451 
19-739874 
19-746143 
19-752261 

16-567826 
16-570664 
16-573421 
16-576098 
16-578699 

14-248635 
14-249868 
14*251060 
14-252213 
14-253327 

12*485690 
12-486290 
12-486750 
12-487250 
12*487732 

901 

91 

911 

92 

921 

31 036603 
31  -070298 
31  103498 
31-136211 
31-168445 

24-281506 
24-295459 
24-309140 
24-322556 
24-335712 

19-758232 
19-764058 
19-769744 
19-775294 
19*780709 

16-581225 
16-583678 
16-586061 
16-588376 
16*590624 

14-254405 
14-255446 
14-256453 
14*257426 
14-258367 

12*488195 
12-488640 
12-489069 
12*489482 
12-489879 

93 

931 

94 

941 

95 

31  -200205 
31-231500 
31  -262335 
31-292718 
31-322655 

24*348612 
24*361261 
24-373665 
24-385828 
24-397755 

19-785994 
19*791151 
19*796185 
19*801097 
19-805890 

16-592807 
16-594928 
16-596988 
16*598989 
16-600932 

14-259277 
14-260156 
14-261006 
14*261828 
14-262623 

12*490261 
12 -490638 
12-490982 
12*491323 
12*491650 

951 

96 

961 

97 

971 

31-352154 
31-381219 
31  -409858 
31  -438077 
31  -465881 

24-409450 
24-420918 
24-432164 
24-443191 
24-454004 

19*810568 
19-815133 
19-819589 
19-823937 
19-828180 

16-602819 
16-604653 
16-606433 
16-608163 
16-609843 

14*263391 
14-264133 
14*264851 
14-265545 
14*266216 

12*491965 
12*492269 
12*492560 
12-492841 
12*493111 

98 
981 
99 
991 
100 

&  F. 

31-493278 
31  -520273 
31  -546872 
31-573081 
31  -598905 

24-464606 
24-475003 
24-485198 
24-495196 
24*504998 

19*832321 
19*836362 
19-840305 
19*844154 
19-847910 

16*611474 
16-613059 
16-614599 
16-616094 
16-617546 

14-266865 
14*267492 
14-268096 
14-268684 
14*269250 

12*493372 
12*493622 
12*493862 
12*494094 
12-494317 

33-383333 

25-000000 

20000000 

16-666666 

14*285714 

12-500000 

Appsniiiz. 
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Thx  Fifth  Tablx  or  Compound  Intexkst. 
The  Annuity  which  One  Pound  will  purchase  for  any  Number  of  Years  to  come,  && 


iYovt. 
1 

Spar  Cent. 

4  per  Cent. 

6  p3r  Cent. 

6perCent 

7  per  Cent. 

8  per  Cent. 

1 

1 -030000 

1-040000 

1050000 

1^060000 

1070000 

1-080000 

^ 

•691728 

•700108 

•708502 

•716909 

•725328 

-733760 

2 

•522610 

•5301 96 

•537804 

•545436 

•553091 

•560769 

n 

•421155 

■428274 

•435426 

•442611 

•449828 

•457076 

s 

•353530 

•360348 

•367206 

•374109 

•381051 

•388033 

31 

•305237 

•311848 

•318510 

•325221 

-331981 

•358789 

4 

•269027 

•275490 

•282011 

•288591 

•295228 

•301920 

H 

•240871 

•247225 

•253646 

•260133 

•266685 

•273301 

5 

•218354 

•224627 

•230974 

•237396 

•243890 

•250456 

^1 

•199938 

•206149 

•212443 

•218819 

•225275 

•231811 

6 

•184597 

•190761 

•197017 

•203362 

•209795 

•216315 

«i 

•171622 

•177751 

•183980 

•190805 

•196727 

•203242 

7 

•160506 

•166609 

•172819 

•179135 

•185553 

•192072 

71 

•150877 

•156961 

•163160 

•169472 

175894 

•182425 

8 

•142456 

•148527 

•154721 

•161085 

•167467 

•174014 

81 

•135030 

•141093 

•147287 

•153608 

•160054 

•166622 

9 

•128433 

•134492 

•140690 

•147022 

•153486 

•160079 

H 

•122535 

•128593 

•134797 

•141144 

•147629 

•154251 

10 

•117230 

•123290 

•129504 

•135867 

•142377 

•149029 

10| 

•112434 

•118499 

•124724 

•131107 

•137643 

•144328 

11 

.  -108077 

•114149 

•J  20388 

•126792 

•133356 

•140076 

111 

•104102 

•110182 

•116438 

•122865 

•129459 

•136214 

18 

•100462 

•106552 

•112825 

•119277 

•125901 

•132695 

121 

•097115 

•103217 

•109509 

•115986 

•122644 

•129475 

IS 

•094029 

•100143 

•106455 

•112960 

•119650 

-126521 

131 

•091174 

•097302 

•103635 

•110167 

•116892 

•123804 

14 

•088526 

•094668 

•101023 

•107584 

•114344 

•121296 

141 

•086063 

•092221 

•098599 

•105189 

•111985 

•118978 

15 

•083766 

-089941 

-096342 

•102962 

•109794 

•1 16829 

151 

•081620 

•087812 

-094237 

-100888 

•107756 

•114833 

16 

•079610 

•085820 

•092269 

098952 

•105857 

•112976 

161 

•077725 

•083952 

•090427 

•097141 

•104084 

•111245 

17 

•075952 

•082198 

•088699 

•095444 

•102425 

•109629 

171 

•074283 

•080548 

•087074 

•093852 

•100870 

•108117 

18 

•072708 

•078993 

•085546 

•092356 

099412 

•106702 

181 

■071221 

-077525 

•084105 

•090948 

O98042 

•105374 

19 

069813 

■076138 

•082745 

089620 

096753 

•104127 

194 

•068480 

•074825 

■081459 

088368 

095538 

•102955 

20 

•067215 

•073581 

•080242 

087184 

094392 

•101852 

20) 

066014 

•072401 

079089 

•086064 

093311 

•100812 

21 

•064871 

•071280 

077996 

-085004 

092289 

099832 

214 

•063784 

•070213 

076957 

083999 

•091321 

•098906 

22 

•062747 

•069198 

075970 

•083045 

•090405 

O98038 

22( 

•061758 

•068231 

•075031 

-082139 

•089537 

•097204 

23 

•060813 

•067309 

074136 

•081278 

-088713 

•096422 

234 

•059911 

•066428 

073284 

•080459 

•087931 

•095680 

24 

•059047 

•065586 

072470 

•079679 

•087189 

-094977 

244 

•058220 

•064782 

071694 

078935 

•086482 

-094311 

25 

057427 

■064011 

070952 

078226 

•085810 

•093678 
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Thk  FtrrH  Tabls  or  Compound  Imtskut — conHnMed, 
The  Annuity  which  One  Pound  will  purchase  for  any  Number  of  Years  to  oome,  &e. 


Years. 

S  per  Cent. 

4  per  Cent 

6  per  Cent 

6  per  Cent. 

7  per  Cent 

SperCent.  ! 

254 

26 

264 

27 

274 

^056667 
-055938 
•055237 
•054564 
•053916 

•063274 
•062567 
•061889 
•061238 
•060613 

•070243 
•069564 
•068914 
•068291 
•067695 

■077550 
•076904 
•076287 
•075697 
•075132 

•085170 

•084561 

•083979 

•083425 

•082896 

•093078 
•092507 
•091964 
•091448 
•090956 

28 

284 

29 

294 

30 

304 

31 

3)4 

32 

32) 

•053293 
•052693 
•052114 
•051557 
•051019 

•060012 
•059435 
•058879 
•058345 
•057830 

•067122 
;066573 
•066045 
•065538 
•065051 

•074592 
•074075 
•073579 
•073104 
•072648 

•082391 
•081909 
•081448 
•081007 
•080586 

•090488 
•090043 
•08961 8 
•089213 
•088827 

•050500 
•049998 
•049514 
•O49046 
•048594 

•057333 
•056855 
•056393 
•055948 
•055518 

•064582 
•064132 
•063698 
•063280 
•062877 

•072211 
•071792 
•071389 
•071002 
•070630 

•080183 
•079796 
•079427 
•079072 
"078733 

•068458 
•088107 
•087771 
•087450 
•087144 

33 

334 

34 

344 

35 

•048156 
047732 
•047321 
•046924 
•046539 

•055103 
•054702 
•054314 
•053939 
•053577 

•062490 
•062116 
■061755 
•061407 
■061071 

•070272 
•069929 
•069596 
•069280 
068973 

•078408 
•078096 
•077796 
•077509 
•077233 

•086851 
•086571 
O86S04 
•066048 
•085803 

354 

36 

364 

37 

374 

•046165 
•045803 
•045452 
•045111 
^044780 

•053226 
•052886 
•052558 
•052239 
•051930 

•060747 
•060434 
•060132 
•059839 
■059557 

•068678 
•068394 
•068121 
•0678.57 
•067603 

•076969 

•076715 

•076471 

•076236 

•076011 

•085568 
•085344 
•085129 
•084924 
•084727 

38 

384 

39 

394 

40 

<M4459 
•044147 
•043843 
•043549 
•043262 

•051631 
■051341 
•051060 
•050788 
•050523 

•059284 
•059020 
"058764 
•058517 
•058278 

•067358 
•067121 
066893 
•066673 
•066461 

•075795 
■075586 
•075386 
•075194 
•075009 

•084538 
•084358 
•084185  . 
•084019 
•083860 

404 

41 

414 

42 

424 

43 

434 

44 

444 

45 

•042983 
•042712 
•042448 
•042191 
•041941 

•050266 
•050017 
•049775 
•049540 
•0493 11 

•058046 
•057822 
•057605 
•057394 
•057190 

•066256 
•066058 
•065867  ' 
•065683 
■065505 

•074831 
•074659 
■074494 
•074335 
•074183 

•083707 
•083561 
•083421 
•083286 
•083157 

•041698 
•041460 
•041229 
•041004 
•040785 

•049089 
•048874 
•048664 
•048460 
•048262 

•056993 
•056801 
•056616 
•056436 
•056261 

•065333 
-065166 
•065006 
•064850 
•064700 

^74035 
•073894 
•073757 
•073626 
•073499 

•083034 
•082915 
•082801 
•082692 
•082587 

454 

46 

464 

47 

474 

•040571 
•040362 
•040159 
•039960 
•039766 

•048069 
•047882 
•047699 
•047521 
•047348 

•056092 
•055928 
•055768 
•055614 
•055464 

•064555 
•064414 
•064279 
•064147 
•064020 

•073377 
•073259 
•073146 
•073037 
•072932 

•082486 
•082389 
•082297 
•082207 
•082123 

48 

484 

49 

494 

50 

•039577 
•039393 
•039213 
•039037 
•038865 

•047180 
•047016 
•046857 
•046701 
•O46550 

•055318 
•055176 
•055039 
•054906 
•054776 

•063897 
•063778 
•063663 
•063552 
063444 

•072830 
•072732 
•072638 
•072547 
•072459 

•082040 
•081961 
•081885 
•081812 
•081742 
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The  Fifth  Table  of  CoifPOUin>  Imtbebr  —  eomiinued. 
The  Annuity  which  One  Pound  will  purchase  for  any  Number  of  Years  to  come,  &c. 


Yean. 

504 

51 

514 

52 

524 

■     1 
3  per  Cent 

4  per  Cent. 

5  per  Cent. 

6  per  Cent. 

7  per  Cent 

8  per  Cent. 

•038697 
•038533 
•038373 
•038217 
•038064 

•046402 
•046258 
•046118 
-045982 
•045848 

•054650 
•054528 
•054409 
•054294 
•054182 

•063339 
■063238 
•063140 
•063046 
•062954 

•072375 
•072293 
■072214 
•072139 
-072065 

•081675 
■081611 
•081549 
■081489 
•081432 

53 

534 

54 

544 

55 

•037914 
•037768 
•037625 
•037485 
•037349 

•045719 
•045592 
•045469 
•045348 
•045231 

•054073 
•053967 
•053864 
•053764 
•053666 

•062865 
•062779 
•062696 
•062615 
•062536 

•071995 
•071926 
•071861 
•071797 
•071736 

•081377 
•081324 
•081273 
•081224 
•081177 

554 

56 

564 

57 

574 

58 

584 

59 

594 

60 

•037215 
•037084 
•036956 
•036831 
•036708 

•045116 
•045004 
•044895 
•044789 
•044685 

•053572 
•053480 
•053390 
•053303 
•053218 

•062461 
•062387 
•062316 
-062247 
•062180 

071677 
•071620 
•071565 
•071511 
•071460 

•081132 
•081089 
•081047 
•081007 
•080969 

•036588 
•036470 
•036355 
•036243 
•036132 

•044584 
•044485 
•044388 
•044293 
•044201 

•053136 
•053056 
•052978 
•052902 
•052828 

•062115 
•062052 
■061992 
•061932 
■061875 

•071410 
•071363 
•071316 
•071272 
•071229 

•080932 
•080896 
■080862 
•080629 
■080797 

6O4 

61 

6I4 

62 

624 

•036024 
•085919 
•035815 
•035713 
•085614 

•044111 
•044023 
•043938 
•043854 
•043772 

•052756 
•052686 
•052618 
•052551 
•052487 

■061820 
•061766 
•061714 
•061663 
■061614 

•071187 
•071147 
•071108 
•071071 
•071035 

•080767 
•080738 
■080710 
•080683 
•080657 

63 

634 

64 

644 

65 

•035516 

•035421 

•035327 

•035235 

•035145 

•043692 
■043614 
•043537 
•043463 
•043390 

•052424 
•052363 
•052303 
•052245 
•052189 

•061567 
•061520 
•061476 
•061432 
•061390 

•071000 
•070966 
•070933 
•070902 
•070872 

•080632 
•080608 
•080584 
.  -080562 
•080541 

654 

66 

664 

67 

674 

•035057 
•034971 
■034886 
'034803 
•034721 

•043318 
•043249 
•043181 
•043114 
•043049 

•052134 
•052080 
•052028 
•051977 
051928 

•061849 
•061310 
•061271 
•061234 
•061198 

•070842 
•070814 
•070786 
•070760 
■070734 

•080520 
•080501 
•080481 
•080463 
•080446 

68 

684 

69 

694 

70 

•034641 
•034563 
•034486 
•034410 
•034336 

-042985 
•042923 
-042862 
•042803 
•042745 

■051879 
•051832 
•051787 
•051742 
•051699 

•061163 
•061129 
•061096 
•061064 
•061 033 

•070710 
■070686 
070663 
•070641 
•070619 

•080429 
•080412 
•080397 
•080382 
•080367 

701 

71 

714 

72 

724 

•034263 
•034192 
•034122 
•034054 
•033986 

•042688 
•042632 
•042578 
•042524 
•042472 

•051656 
•051615 
•051575 
•051536 
•051498 

061002 
•060973 
•060945 
•060917 
•060891 

•070598 
•070578 
-070559 
•070540 
•070522 

-080353 
080340 
080327 
•080314 
•080303 

73 

734 

74 

744 

75 

•033920 
•033855 
•033791 
•033729 
•033667 

•042421 
•042372 
•042323 
•042275 
042229 

•051461 
•051424 
•051 389 
•051355 
•051321 

•060865 
■  ^060839 
•060815 
•060791 
•060768 

•070504 
•070487 
•070471 
•070455 
•070440 

080291 
080280 
080269 
080259 
•080249 
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Ihx  FifTM  Tablk  of  CoxrouMD  iMTB&m  —  centimmttL 
The  Annuity  which  One  Pound  will  purchase  for  any  Number  of  Years  to  come,  &c 


Yean. 

1  par  Cent. 

4  per  Cent. 

5  per  Cent. 

6  per  Cent* 

7perCent 

SperCent.  ^ 

751 
76 

761 

77 

771 

OSS607 
•OSS548 
•033490 
•033433 
•033377 

•042 1 88 
•042136 
<M2094 
•042052 
•042010 

•051288 
•051257 
•051226 
•051195 
•051166 

•060746 
•060724 
060703 
•060683 
•060663 

•070425 
•070411 
•O70897 
•070384 
•070371 

•08024O 
"08O8S1 
•08O29S 
•080214 
•06OS06 

78 

781 

79 

791 

80 

•033322 
'  -033268 
•033215 
•038162 
•033111 

•041969 
•041929 
•041890 
-041851 
041814 

•051137 
•051109 
•051082 
•051055 
•051029 

•060644 
•060625 
•060607 
•060589 
•060572 

•070359 
•070347 
"070835 
•070324 
•070313 

•080198 
•0801 90 
"06O183 
•080176 
•060169 

801 

81 

811 

82 

821 

•033061 
•033012 
-032963 
•032915 
•032868 

•041777 
•041741 
•041706 
•041671 
•041637 

•051004 
•050979 
•050955 
•050932 
•050909 

^060555 
•060539 
•060524 
•060509 
•060494 

•070803 
•070292 
•070283 
•070273 
"070264 

•080163 
•060157 
•060151 
•060145 
"0801 40 

83 

831 

84 

841 

85 

•032822 
•032777 
•032733 
•032689 
•032646 

•041604 
■041572 
<M1540 
•041509 
•041479 

•050886 
•050865 
•050843 
■050823 
•050603 

-060479 
•060466 
•060452 
•060439 
•060426 

•070255 
•070247 
•070238 
•070230 
•070223 

-080134 
■060189 
-060194 
•090  ISO 
■060115 

85} 

86 

861 

!  87 
871 

'  88 
;  881 
1  89 
891 
90 

901 
91 
911 
92 

921 

•O32604 
•032562 
•032522 
•032482 
•032442 

•041449 

•041420 

•041391 

•041363 

■041336 

•050783 
•050764 
•050745 
•050727 
■050709 

•060414 
•060402 
•060390 
•060379 
•060368 

•070215 
•070206 
•070201 
•070194 
•070188 

•060111 
•0801O6 
•0801 02 
•060099 
•080095 

•032403 
•032365 
.032328 
•032291 
•032255 

•041309 
•041283 
•041257 
•041232 
•041207 

•050692 
•O50675 
•0S06SS 
•050642 
•050627 

•060357 
•060347 
■060337 
•060327 
"06031 8 

•070182 
•070176 
•070170 
•070164 
■070159 

•080091 
•060068 
•080084 
•O6O0S1 
•060078 

•032220 
•032185 
•032150 
•032116 
•032063 

•041183 
•041159 
•041136 
•041114 
•041091 

•050611 
•050596 
•050582 
•050568 
•050554 

•060309 
•060300 
•060291 
•060283 
•060275 

•070153 
•070148 
•070143 
•070138 
•070134 

•060075 
•080078 
•080070 
•O80067 
•080064 

93 

931 

94 

941 

95 

•032051 
•032018 
•031987 
•031956 
•031925 

•041070 
•041048 
•041027 
•041007 
•040987 

•050540 
•050527 
■050514 
•050502 
•050490 

•060267 
•060259 
•060251 
•060244 
•060237 

•070129 
•070125 
•070121 
•070117 
■070118 

•080063 
•08006O 
■080057 
•080055 
•080053 

951 
96 
961 
97 

971 

•031895 
•031866 
•031837 
•031808 
•031780 

•040967 
•040948 
•040929 
•040911 
•040893 

•050478 
•050466 
•050455 
•050444 
•050433 

•060280 
•060224 
•060217 
060211 
•060205 

•070109 
•070105 
•070102 
•070098 
•070095 

•060051 
•080049 
•080047 
•080045 
•060044 

98 
981 
99 
991 
100 

•031752 
■031725 
•031698 
.  •031672 
•031646 

■040875 
•040858 
•040841 
•040624 
•040808 

•050422 
•050412 
•050402 
•050392 
•050383 

•060199 
•060193 
•060188 
•060182 
•060177 

•060000 

•070092 
t)70089 
«070066 
"070083 
•070080 

•070000 

•080048 
-090040 
"080039 
"080037 
•080036 

F.S. 

•030000 

•040000 

•050000 

•060000 
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Table  VI.    Showing  the  Value  of  an  Annuity  on  one  Life  acoording  to  the  Plrobabilities 

of  Life  in  London. 


Year*!  Talue  at 

A 

Tear*!  ralue  «t 

Age. 

Age. 

8  per  Cent. 

4  per  Cent. 

ft  per  Cent. 

S  per  Cent. 

4  per  Cent. 

6  per  Cent. 

6 

18-8 

16-2 

14-1 

41 

13-0 

11-4 

10-2 

7 

18-9 

16-3 

14-2 

42 

12-8 

11-2 

10-1 

8 

19-0 

16-4 

14  3 

43 

12-6 

11-1 

lOO 

9    1 

44 

12-5 

no 

9-9 

and   • 

19-0 

16-4 

14*3 

45 

12-3 

10-8 

9-8 

10  J 

46 

12-1 

10-7 

9-7 

11 

19-0 

16-4 

14-3 

47 

11-9 

10-5 

9-5 

12 

18-9 

16-3 

14-2 

48 

11-8 

10-4 

9^ 

IS 

18-7 

16-2 

141 

49 

11-6 

10-2 

9-3 

14 

18-5 

16-0 

14-0 

50 

11-4 

10-1 

9*2 

15 

18-3 

15-8 

13-9 

51 

11-2 

9-9 

90 

16 

18-1 

15*6 

13-7 

52 

11-0 

9-8 

8-9 

17 

17-9 

15-4 

13-5 

53 

10-7 

9-6 

8-8 

18 

17-6 

15-2 

13-4 

54 

10-5 

9-4 

8-6 

19 

17-4 

15-0 

13-2 

55 

10-3 

9-3 

8-5 

20 

17-2 

14-8 

ISO 

56 

10-1 

91 

8-4 

21 

17-0 

14-7 

12-9 

57 

9-9 

8-9 

8-2 

22 

16-8 

14-5 

12-7 

58 

9*6 

8-7 

8-1 

23 

16-5 

14-8 

12-6 

59 

9-4 

8-6 

80 

24 

163 

141 

12*4 

60 

9-2 

8-4 

7-9 

25  , 

16-1 

14-0 

12-3 

61 

8-9 

8-2 

7-7 

26 

15-9 

13-8 

121 

62 

8-7 

8-1 

7-6 

27 

15-6 

13-6 

120 

63 

8-5 

7-9 

7-4 

28 

15-4 

13-4 

11-8 

64 

8-3 

7-7 

7-3 

29 

15-2 

13-2 

11-7 

€5 

8-0 

7-5 

71 

SO 

150 

131 

11-6 

€6 

7-8 

7-3 

6-9 

SI 

14-8 

12-9 

11-4 

67 

7-6 

7-1 

6-7 

S2 

14-6 

12-7 

11-3 

68 

7-4 

6-9 

6-6 

S3 

14*4 

12*6 

11-2 

69 

7-1 

6-7 

6-4 

34 

14-2 

12-4 

11-0 

70 

6-9 

6  5 

6*2 

35 

14-1 

12-3 

10-9 

71 

6-7 

6-3 

60 

36 

13-9 

12-1 

10-8 

72 

€'5 

6i 

5-8 

37 

13-7 

11-9 

10-6 

73 

6-2 

5-9 

5 '6 

38 

13-5 

11-8 

10-5 

74 

5-9 

5-6 

5*4 

39 

13-3 

11« 

10-4 

75 

5-6 

5-4 

5-^ 

40 

l*i-2 

11-5 

10-3 
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Tablb  VII. »  showing  the  Value  of  an  Annuity  on  the  joint  Continnanoe  of  two  Lives, 

according  to  the  Probabilities  of  Life  in  London. 


Agaofthe 

Valooat 

Age  of  the 

Value  ai 

Youngar. 

Elder. 

3  per  Cent 

4  per  Cant. 

6perCeot 

Younger. 

Elder. 

Iper  Cent 

4  per  Cent 

«per  OaM 

- 

10 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 

14-7 

14-3 

13*8 

131 

12-3 

11*5 

10*7 

10*0 

9*3 

8*6 

7-8 

6*9 

6  1 

5-3 

130 

12-7 

12-2 

11-6 

10*9 

10*2 

9-6 

9*0 

8*4 

7*8 

7*2 

6-5 

5*8 

51 

11-6 

11*3 

10*8 

10*2 

9-7 

91 

8*6 

8-1 

7*6 

7*1 

6-6 

6-1 

5-5 

4*9 

SO 

55 
60 
65 
70 
75 

7*9 
7-2 
6  5 
5*8 
5-1 

7*3 
6-7 
6-1 
55 
4*9 

6-7 
6-2 
5-7 
5-2 
4-7 

\ 

35 

35 
40 
45 
50 
55 
60 
65 
70 
75 

9*9 
9-4 
8-9 
8-3 
7-7 
7*1 
6-4 
5-7 
5-0 

8-8 
8*5 
8-1 
7-6 
7*1 
6-5 
60 
5*4 
4-8 

8-0 

7-7 

7-4 

7-0 

6-6 

6-1 

5-6 

S'l 

4-6 

15 

15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 

13-9 

13*3 

12*6 

11*9 

11-2 

10*4 

9-6 

8*9 

8*2 

7*5 

6*8 

6-0 

5*2 

12*3 

11*8 

11-2 

10*6 

10-0 

9*4 

8*8 

8*2 

7-6 

7-0 

6*4 

5*7 

SO 

no 

10-5 
101 
9*5 
9*0 
8*5 
80 
7-5 
7-0 
6-5 
6-0 
5-4 
4*8 

40 

40 
45 
50 
55 
60 
65 
70 
75 

9*1 
8-7 
8-2 
7-6 
7-0 
6-4 
5*7 
5-0 

8  1 
7*8 
7-4 
6-9 
6-4 
5-9 
5-4 
4-8 

7-3 
7-1 
6-8 
6-4 
6-0 
5-5 
5-1 
4-6 

45 

45 
50 

55 
60 
65 
70 

75 

8-3 
7-9 
7-4 
6*8 
6-3 
5-6 
4-9 

7*4 
7  1 
6*7 
6-3 
5-8 
5-3 
4-7 

6-7 
6-5 
6-2 
5-8 
5-4 
5-0 
4-5 

20 

20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 

12*8 

122 

11*6 

10*9 

10-2 

9*5 

8-8 

81 

7*4 

6-7 

6-0 

5*2 

11-3 
10*8 
10-3 
9*8 
9*2 
8*6 
80 
7*5 
6-9 
6*3 
5-7 
5*0 

10*1 
9*7 
9-2 
8*8 
8*4 
7-9 
7-4 
6-9 
6*4 
5*9 
5*4 
4-8 

50 

50. 

55 

60 

65 

70 

75 

7*6 
7-2 
6-7 
6-2 
5*5 
4*8 

6*8 
6-5 
6*1 
5-7 
5-2 
4-6 

6*2 
6*0 
5-7 
5-3 
4-9 
4*4 

55 

55 
60 
65 
70 
75 

6*9 
6-5 
6*0 
5-4 
4-7 

6*2 
5-9 
5-6 
5-1 
4-5 

5-7 
5  5 
5-2 
4-8 
4-3 

25 

25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 

11-8 

11-3 

10-7 

10-0 

9*4 

8*7 

80 

7-3 

6^ 

5-9 

51 

10*5 
10*1 
9-6 
91 
8-5 
7*9 
7-4 
6*8 
6-2 
5-6 
4*9 

9*4 
90 
8*6 
8*2 
7*8 
7*3 
6*8 
6*3 
5*8 
5*3 
4*7 

60 

60 
65 
70 
75 

6*1 
5-7 
5-2 
4*6 

5-6 
5-3 
4-9 
4*4 

5-2 
4-9 
4-6 
4-2 

65 

65 
70 

75 

5*4 
4*9 
4-4 

5-0 
4*6 
4-2 

4-7 
4^ 

4*0 

30 

30 
35 
40 
45 
50 

10*8 

10*3 

9*7 

91 

8-5 

9*6 
9*2 
8*8 
8  3 
7*8 

8*6 
8*3 
8-0 
7-6 
7*2 

70 

70 
75 

4*6 
4-2 

4*4 
4-0 

4-2 
3-9 

75 

75 

3-8 

3*7 

3*6 
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Tablv  VIII.,  showing  the  Value  of  an  Annuity  on  the  longest  of  two  Lives. 


Age  of  the 

Value  at 

r 

Ageoftlie 

Value  at 

Younger. 

Elder. 

IperCent. 

4  per  Cent 

A  per  Cent. 

Younger. 

Rider. 

8  per  Cent 

4  per  Cent. 

5  per  Cent 

10 

23*4 

19-9 

171 

55 

17*4 

15*1 

13*4 

15 

22-9 

19-5 

16-8 

60 

170 

14*8 

13*2 

20 

22-5 

19-1 

16-6 

30 

65 

16-6 

14*5 

12*9 

25 

22*2 

18*8 

16*4 

70 

161 

14*1 

12-6 

30 

21*9 

18*6 

16*2 

75 

15*6 

13*7 

12*2 

35 
40 

21-6 
21-4 

18*4 
18*3 

1^*1 
160 

10 

35 

18*3 

15-8 

13*8 

45 

21-2 

18-2 

15*9 

40 

17*8 

15*4 

13*5 

50 

20*9 

180 

15*8 

45 

17-4 

151 

13*3 

55 

20*7 

17-8 

15*7 

50 

171 

14*8 

13*1 

60 

20^ 

17^ 

15-5 

35 

55 

16-7 

14*5 

12*9 

65 

20-1 

17-4 

15-3 

60 

16*3 

14*2 

12-7 

70 

19-8 

17*2 

151 

65 

15*8 

13*8 

12*4 

75 

19-5 

16*9 

14*8 

70 
75 

15*3 
14*8 

13*4 
130 

120 
11-6 

15 
20 

22-8 
22-3 

19-3 
18*9 

16-7 
16*4 

40 

17-3 

150 

13-3 

25 

21-9 

18-6 

16-2 

45 

16-8 

14-6 

130 

SO 

21-6 

18*3 

160 

50 

16-3 

140 

12-7 

35 

21-3 

18*1 

15-9 

55 

15*9 

13*9 

12*4 

40 

21-1 

17*9 

15-7 

4(> 

60 

15*4 

13*5 

12*1 

15 

45 

20-9 

ns 

15-6 

65 

14-9 

13*1 

11*8 

50 

20*7 

17*6 

15*4 

70 

14-5 

12*7 

11*4 

55 

20*4 

17^ 
17*2 
16-9 
16*6 
16*3 

15*3 
15*2 
150 
14*7 
14*4 

75 

140 

12*3 

no 

60 
65 
70 
75 

20*1 
19-8 
19*4 
18*9 

45 

45 
50 
55 
60 
65 

16-2 
15*7 
15*2 
14-7 
14*1 

14*2 
13-8 
13*4 
12*9 
12*5 

12*8 
12-5 
12*1 
11*7 
11*4 

20 

21-6 

18-3 

15*8 

25 

21*1 

17*9 

15*5 

70 

13*6 

120 

no 

30 

20*7 

17-6 
17-4 
■■     17*2 
170 
16-8 
16-6 
16*3 
160 
15*7 
15*3 

15*3 
151 
150 
14*9 
14*7 
14*5 
14*3 
14*1 
13*8 
13*5 

75 

13*1 

11*6 

10*6 

20 

35 
40 
45 
50 
55 
60 
65 
70 
75 

20*4 

20*1 

19*9 

19-6 

19-4 

191 

18*7 

18*2 

17-7 

50 

50 
55 
60 
65 
70 
75 

55 
GO 

.    65 
70 
75 

150 
14*5 
13*9 
13*3 
'      12*8 
12*3 

13*3 
12-9 
12*4 
120 
11*5 

no 

12*1 
11*7 
11*3 
10*9 
10*5 
10*1 

55 

13-6 
ISO 
12*4 
11*8 
11*3 

12*4 
11*9 
11-3 
10*8 
10-3 

11*3 
10*9 
10*5 
lOO 
9*5 

25 

25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 

20*3 
19-8 
19*4 
19*2 
18*9 
18*7 
18*4 
180 
17*6 
17*2 
16-7 

17-4 

170 

16*7 

16-5 

16-3 

16-1 

15*9 

15*6 

15-3 

150 

14*6 

151 
14*9 
14*7 
14-5 
14*3 
14*2 
140 
13*8 
13*6 
13*3 
12*9 

60 

60 
65 
70 
75 

12*2 
11*5 
10*9 
10*3 

11*2 

10*6 

101 

9-5 

10*5 

lOO 

9*5 

90 

65 

65 
70 
75 

10*7 

lOO 

9-3 

100 
9*4 

8*7 

9*4 
8*9 

8*3 

SO 

30 
35 
40 
45 
50 

19-3 
18-8 
18-4 
18-1 
17-8 

16*6 
16-2 
15-9 
15*6 
15-4 

14*5 
14*2 
140 
13-8 
13-6 

70 

70 
75 

9*2 

8-4 

8*6 
7-9 

8-2 
7*6 

75 

75 

7-6 

7-2 

6-9 

3L 
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IV.— VALUATION  OP  PROPERTY. 

The  valuations  in  which  the  architect  it  consulted  are  properly  only  those  wherein  build- 
ings have  hcen  or  may  be  erected ;  from  which  if  he  wander,  the  probability  is  that  be  will 
create  difficulty  for  himself,  tending  to  exhibit  him  as  a  pretender  to  knowledge  not  within 
the  regular  course  of  his  occupation.  The  general  principles,  therefore,  on  which  we  pro- 
pose to  touch,  are  confined  to  the  species  of  property  above  named,  as  distinguished  from 
that  in  which  the  resident  valuator  near  the  spot  in  the  different  provinces  is  the  best 
adviser,  from  the  local  knowledge  he  possesses.  The  auctioneers  who  with  unblushing 
effrontery  pretend  to  a  knowledge  of  the  value  of  property  in  the  metropolis,  are  utterly 
incompetent  to  the  duties  they  undertake,  from  an  ignorance  of  the  durability  and  cost  of 
buildings,  which  can  be  attained  by  the  practice  and  experience  of  the  architect  only. 

Buildings  may  be  so  disadvantageously  placed  on  their  sites  as  to  realise  nothing 
like  a  proper  interest  on  the  money  expended  in  their  erection ;  and,  indeed,  so  as  alto- 
gether to  destroy  even  the  great  value  of  the  ground  on  which  they  arc  builL  Thus,  to 
place  before  the  reader  extreme  cases,  which  generally  best  illustrate  a  subject,  let  him 
suppose  a  row  of  hovels  built  in  Piccadilly,  and  a  house  like  Apsley  House  placed  in 
Wapping  High  Street.  In  both  cases  the  productive  value  of  the  ground  is  destroyed, 
there  being  no  inhabitants  for  such  dwellings  in  the  respective  quarters  of  the  town. 

From  this  it  must  be  evident  that  the  value  of  town  or  city  property,  which  consists 
principally  of  buildings,  is  divisible  into  two  parts ;  namely,  — 
That  arising  from  the  value  of  the  soil  or  site ;  and 
That  which  arises  from  the  value  of  the  buildings  placed  upon  it. 

We  will  suppose  for  a  house  which  is  &irly  let  at  a  rent  of  iOOL  per  annum,  no 
matter  what  the  situation  of  it  be,  that  it  could  be  built  for  100021,  and  that  the  proprietor 
or  builder  would  be  content  with  7  per  cent,  for  the  outlay  of  his  money,  a  rate  by  no 
means  larger  than  he  would  be  entitled  to  claim,  seeing  that  the  letting,  after  it  is  built,  is 
a  matter  of  speculation,  and  that  loss  of  tenants  and  other  casualties  may  temporarily 
deprive  him  of  the  interest  of  his  coital.  In  this  case,  then,  the  rent  of  the  mere  building 
would  be  702.  ;  and  as  the  full  rent  assumed  is  1002., 

100— 70 «s 30,  which  is  manifestly  the  value  of  the  ground  or  ground  rent 

Thus  in  the  cases  of  valuation  of  freeholds,  wherein  the  gross  rent  can  be  accu- 
rately ascertained,  there  can  be  no  difficulty  in  coming  at  the  real  value  of  the  ground  rent, 
because  the  building  rent,  or  that  arising  from  the  expenditure  of  money  on  the  soil,  can 
be  immediately  ascertuned  by  the  architect,  with  the  rate  of  interest  on  it  which  it  is  fit 
the  builder  should  have.  The  reminder  of  the  rent  is  that  inseparably  attached  to  the  value 
of  the  soil,  and  belongs  to  the  ground  landlord. 

The  reason  for  thus  separating  the  two  rents  is  this :  the  ground  rent,  attadied  as 
it  is  to  the  soil,  is  imperishable.  It  is  true  that  the  value  of  ground  is  constantly  fluc- 
tuating from  the  power  of  fashion  over  certain  localities ;  but  with  this  the  valuator  cannot 
deal.  The  changes  are  slow ;  and  the  Lord  Shaftesburv  in  the  time  of  Charles  II.  would 
have  little  thought  it  possible,  when  he  placed  his  residence  in  Aldcrsgate  Street,  that  his 
successors  would  have  dwelt  in  a  house  in  Grosvenor  Square ;  neither,  even  five  and  twenty 
years  ago,  did  it  cross  the  mind  of  the  then  possessor  of  the  Grosvenor  property  that  the 
Five  Fields  at  Chelsea  contained  a  mine  of  wealth  in  the  ground  rents  of  Bclgrave  and 
Eaton  Squares.  Such  are  th^  mutations  of  property,  with  which  the  present  question  b 
not  involved,  unless  the  gift  of  foresight,  in  a  degree  not  to  be  expected,  be  given  to  the 
valuator.  The  other  portion  of  the  value  of  house  property  is  strictly  the  result  of  the 
perishable  part  of  it,  namely,  the  building  itself;  and  this  is  limited  by  the  durability  of 
the  building,  tkhich  has  great  relation  to  the  time  it  has  already  existed,  and  to  the  8ub> 
stantiality  with  which  it  has  been  constructed.  The  durability,  then,  or  the  number  of 
years  a  buildiDg  will  continue  to  realise  the  rent,  is  the  second  ingredient  in  a  valuation, 
and  is  a  point  upon  which  none  but  an  experienced  person  can  properly  decide. 

The  rate  of  interest  which  the  buyer  is  content  to  obtain  in  the  investment  of  his 
money  in  buildings,  or,  in  other  words,  in  the  purchase  of  the  perishable  annuity  arinng 
from  the  building,  will  necessarily  vary  with  the  value  of  money  in  the  market.  In  the 
compensation  cases  under  public  improvements,  wherein  it  is  obligatory  on  the  owner  to 
part  with  his  property,  the  5  per  cent,  rate  of  the  table  is  generally  used,  by  which  the 
buyer  makes  too  little  interest  on  the  periBhal)le  part  of  the  property.  Few  would  be  in- 
clined to  invest  money  in  such  property  at  so  low  a  rate,  for  a  rent  which  every  year,  from 
wear  and  tear,  becomes  less  valuable.  Individuals  understanding  the  subject  would 
scarcely  be  found  to  purchase,  unless  they  could  make  at  least  7  per  cent  for  this  part  of 
the  capital.  In  the  cases  above  mentioned,  twenty-five  yeara'  purchase,  that  is,  4  per  eent., 
u  the  usual  price  at  which  the  ground  rent  is  taken* 
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We  will,  haying  thus  prepared  the  student,  present  an  example  of  a  valuation  con- 
ducted on  the  principles  named.  Thus,  suppose  a  building  and  the  ground  on  which  it 
stands  to  be  together  worth  150^  per  annum,  and  that  its  durability  is  such  that  a  pur- 
chaser may  count  on  receiving  that  rent  during  a  term  of  fifty  years.  We  will  suppose 
the  house  to  stand  upon  a  plot  of  ground  24  feet  in  frontage,  and  60  feet  in  depth  ;  that 
the  size  of  the  house  is  24  feet  by  40  feet,  and  that  to  build  a  similar  one  would  cost  1440^, 
which,  at  a  rate  of  7  per  cent  upon  the  expenditure,  would  produce  a  building  rent  of 
100/.  169.  per  annum. 

£    »,    d,  £      B,  d. 

Now  the  total  rent  being  ....     150    O    0 

The  rent  arising  from  the  building  itself  -  -     100  16    0 

The  value  of  the  mere  ground  must  be-  -  -4940 

We  therefore  here  have  the  imperishable  part,  viz.  the  ground,  of  the 
value  of  49/.  4».  per  annum,  which,  giving  the  purchaser  4  per  cent, 
mterest  for  his  money,  is  twenty-five  years'  purchase  for  the  fee-simple 
by  the  Fourth  Table,  that  is    -         -  -  -  -  .       1230     O    0 

An  annuity  (from  the  building)  of  1002L  16».,  to  continue  for  fifty  years, 
is,  by  the  Fourth  Table  at  5  per  cent,  worth  18*256  years*  purchase, 
that  is         -  -  -  -  -  -  -  -       1840    O  II 

The  value  of  the  old  materials  at  the  end  of  the  term,  if  taken  to  be 
pulled  down  and  sold  for  150/.,  will  be  that  sum  at  the  end  of  fifty 
years  to  be  received  at  the  present  time,  discounting  at  5  per  cent, 
from  the  Second  Table    1107x150  -  -  -  .   »     16  12     1 

Total  value  of  the  fireehold  -  .  .       8086  13     0 

In  the  above  valuation  the  ground  estimated  by  its  frontage  would  be  947^1  ==^^'-  P^'  ^^^^ 
and  ground  is  usually  let  by  the  foot  when  demised  for  building. 

The  next  case  of  valuation  is  that  of  a  beneficial  lease,  in  which  the  rent  paid  by 
the  lessee  is  less  than  the  actual  value  of  the  premises.  The  difierence  between  them, 
therefore,  is  an  annuity  for  the  term  of  the  lease,  which  is  so  much  benefit  to  the  lessee, 
and  is  estimated  by  the  Fourth  Table  ;  thus, — 

Suppose  the  actual  value  of  given  premises  be  -  -  -  -     £100 

Rent  reserved  by  the  lessor  ......         50 

Beneficial  annuity  belon^^ng  to  the  lessee      .....       £50 

If  the  term  of  the  lease  be  twenty.one  years,  such  is  the  length  of  the  annuity,  and  the 
question  stands  as  under:  — 

An  annuity  for  twenty-one  years,  discounting  at  5  per  cent,  is  by  the  Fourth 

Table  worth  12*8211  years*  purchase,  which  multiplied  by  50/.    —  -£641    U, 

It  is  to  be  observed  that  the  annuities  must  be  clear  afler  the  deduction  of  all  outgoings 
which  nuiy  be  necessary  to  keep  it  unencumbered. 

In  the  valuation  of  warehouses,  the  only  safe  method  of  coming  at  the  value  of  a 
rental  is  by  the  quantity  of  goods  or  tonnage  they  will  contain,  after  leaving  proper  gang- 
ways, and  not  overloading  the  floors.  In  corn  warehouses,  however,  the  grain  being  dis- 
tributed over  the  surfiMe  of  the  floor,  the  squares  of  floor  are  taken  to  come  at  the  contents. 
Goods  warehoused  are  paid  for  to  the  warehouseman  usually  at  a  weekly  or  monthly  rent ; 
and  it  is  commonly  considered  that  the  profit  he  should  make  ought  to  be  one  half  of  the 
rent  he  pays  to  the  landlord,  so  that  in  fact  two  thirds  of  the  actual  rent  realised  goes  to 
the  proprietor,  and  the  other  third  to  the  warehouseman  or  lessee.  The  following  is  a  table 
of  the  space  occupied  by  different  goods :  — 

Of  cork,  there  are      -  -  -  -     149*333  cube  feet  in  a  ton. 

Of  fir  ....       65*163  — 

Of  indigo  ....       46*606  — 

Of  tallow  ....       38*046  — 

Of  gum  ...  -       24*683  — 

Of  brimstone  ...  -       19*801  — 

Of  whale  oil  ....       38*818  — 

The  mean  of  the  above  is  38*853  cube  feet  to  a  ton ;  and,  indeed,  40  feet  is  the  usual 
allowance  taken  by  warehousemen,  35  feet  being  that  calculated  in  shipping. 

Sugar  in  hogsheads  will  be  found  to  be  about  69  cube  feet  to  the  ton.  Thus,  a 
hogshead  3  ft  6  in.  high,  3  ft.  4  in.  diameter  at  the  ends,  and  3  ft.  1 1  in.  in  the  middle, 

weighs  about  154  ^^^' 

3  L  2 
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The  following  are  the  usual  dimenuona  and  wn|^te  of  tea  in  the  cheats^  which,  how- 
erer,  are  not  always  uniform : «— 


Dlmen- 
■IcMia. 

Cube. 

Weight. 

Lhcper 
FootCfube. 

CubeFMt 
in  a  Too. 

Congo    - 

1    lOi 
1     8| 
1     4) 

• 

4-403 

llllbs. 

95-91 

88-87 

Souchong 

1     71 
1     7| 
1     7 

4 '180 

108  Ibe. 

95-84 

86-70 

Bohea    - 

9     9 
1   10 

1     81 

S'609 

994  lbs. 

96-09 

86-09 

Twankay 

1   111 
1     6 

I     8 

5*140 

104  lbs. 

90-93 

110-70 

Hyaon    - 

1     6i 
1     6 
1     9 

4048 

80  lbs. 

19-76 

113-34 

Then 

oeans  will  1 

le  5-976 

- 

93-41 

97-14 

Wheat,  taking  the  arerage  weight  of  a  Winchester  bushel  at  6011m.,  will  give  48-13 
cube  feet  to  a  ton. 

In  the  valuation  of  leases  held  on  lives,  the  operation,  after  bringing  the  rent  to  a 
dear  annuity,  is  conbucted  by  uiaans  of  the  uxth,  seventh,  and  eighth  tables,  as  the  ease 
may  require. 
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A. 

Abaciscvs.  a  word  wmetimes  used  as  synonymous  with  abacus,  but  more  correctly 
applied  to  a  square  oompartm^it  enclosing  a  part  or  the  entire  pattern  or  design  of 
a  Mosaic  pavenwnt. 

Abacus.  (  Gr,  Atfa{,  m  slab. )  The  upper  member  of  the  capital  of  *  column,  and  serving 
as  a  crowning  both  to  the  capital  and  to  the  whole  column.  It  is  otherwise  defined 
by  some  as  a  square  table^  list,  or  plinth  in-  the  upper  part  of  the  capitals  of  columns, 
especially  of  those  of  the  Corinthian  order,  serrihg  instead  of  a  drip  or  corona  to  the 
capital,  and  supporting  the  nether  fiu^  of  the  architvave,  and  the  whofe  trabeation.  In 
the  Tuscan,  Doric,  and  ancient  Ionic  orders,  it  is  a  flat  square  member,  well  enough  re- 
sembling the  original  title ;  whence  it  is  called  by  the  French  taittoir,  that  iis,  a  trencher, 
and  by  the  Italians  endenza.  In  the  richer  orders  it  parts  with  its  original  form,  the 
four  sides  or  ftces  of  it  being  arched  or  cut  inwards,  and  ornamented  in  the  middle  of 
each  fiice  with  a  rose  or  other  flower,  a  flsh*s  tail,  &c. ;  and  in  the  Corinthian  and 
Composite  orders  it  is  composed  of  an  ovolo,  a  fillet,  and  a  cayetto.  The  word  is  used 
by  Scamozsi  to  signify  a  concave  mouldii^  in  the  capital  of  the  Tuscan  pedestal. 

Abatk,  NicHOLASb     See  Aechitkcts,  list  of,  240. 

Abaton.  (Gf.  AUtnvp,  an  inaccessible  place.)  A  building  at  Rhodes,  mentioned  by 
Vitruyitts,  lib.  it,  entrance  whereof  waa  forbidden  to  all  persons,  because  it  contained  a 
trophy  and  two  bronze  statues  erested  by  Artemisia  in  memory  of  her  triumph  in  sur- 
priui^  the  city. 

Abattoiiu  (Fr.  Abattre^  t(^ knock  down.)-  A  building  ^propriated  to  the  slaughtering  of 
cattle.     See  p.  797. 

Abbkt.  (Fr.  Abbs3e.)  Properly  the  building  adjoining  to  or  near  a  convent  or  monastery, 
for  the  residence  of  the  head  of  the  house  (abbot  or  abbess).  It  is  often  used  for  the 
church  attached  to  the  establishment,  as  also  for  the  buildings  composing  the  whole 
establishment  In  such  establishments  the  church  was  usually  grand,  and  splendidly 
decorated.  They  had  a  refectoiy,  which  was  a  large  hall  in  which  the  monks  or  nuns 
had  their  meals ;  a  ffuut  haU,  for  the  reception  and  entertainment  of  viJsitors ;  a  parlour  at 
heutoryt  where  the  brothers  or  sisters  met  for  conversation ;  a  tbrmitopy,  an  almonry^ 
wherefrom  the  alms  of  the  abbey  were  distributed ;  a  Uhrary  and  muaeum  t  a  priton  for 
the  refiraetory,  and  ceUs  for  penance.  The  mneituay  was  rather  a.  precinct  than  a  build- 
ing, in  which  offenders  were,  under  conditions,  safe  from  the  operation  of  the  law. 
Gramgesy  or  form  buikiingsi  and  abbaHal  residences.  Schools  were  usually  attached  for 
the  education  of  youth,  with  separate  acconunodations  for  the  scholara.  A  ringing  tehooL, 
«  common  roonh  with  a  fire  in  it,  for  the  brothers  or  sistov  to  warm  themselves,  no  other 
fire  being  allowed,  except  in  the  apartments  of  the  higher  ofiicers.  A  vrint,  for  coining, 
and  a  room  called  an  exchequer.  The  abbey  was  always  provided  with  a  churchjfardj  a 
garden,  and  a  Inkdumee.  The  eaerittg  contained  the  garments  of  the  priests,  and  tiie 
vessels,  &e. ;  veatiaria  or  wardrobes  being  assigned  for  the  monks.  Many  of  the  ordinary 
duties  of  these  persons  were  performed  in  the  cloisters  where  they  delivered  their 
lectures. 

Abblb  trbb.     a  species  of  white  poplar,  enumerated  among  woods  by  Vitruvius  (book  il 
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chap,  ix.)  as  being,  in  manv  situations,  senriceable  from  its  **  toughness,"  and  alao  from 
its  colour  and  lightness  fitting  it  for  carvings. 

Abrkovoir.  (Fr.)  A  watering-place  for  horses.  In  masonry  it  is  the  joint  between  two 
stones,  or  the  interstice  to  be  filled  up  with  mortar  or  cement,  when  either  are  to  be 
used. 

Absciss,  or  Abscissa.  (Lat.  Ab  and  Scindo.)  A  geometrical  term,  denoting  a  s^ment  cut 
off  from  a  straight  line  by  an  ordinate  to  a  curre. 

Absis.     See  Arsis. 

Abstract.  A  term  in  general  use  among  artificers,  surveyors,  &e.  to  signify  the  collect- 
ing together  and  arranging  under  a  few  distinct  heads  the  various  small  quantities  of 
different  articles  which  have  been  employed  in  any  work,  and  the  affixing  of  a  price 
to  determinate  portions  of  each,  as  per  square,  per  foot,  per  pound,  &c.,  for  the  purpose 
of  more  expeditiously  and  convenientlv  ascertaining  the  amount.     See  p.  620,  ef  $eq. 

Abusb.  a  term  applied  to  those  practices  in  architecture  which*  arising  from  a  desire  of 
innovation,  and  often  authorised  by  custom,  tend  to  unfix  the  most  established  principles, 
and  to  corrupt  the  best  forms,  by  the  vicious  way  in  which  they  are  used.  Falladio  has 
given  a  chapter  on  them  in  his  work.  He  reduces  them  to  four  principal  ones :  the 
first  whereof  is  the  introduction  of  brackets  or  modillions  for  supporting  a  weight ;  the 
second,  the  practice  of  breaking  pediments  so  as  to  leave  the  centre  part  open ;  third, 
the  great  projection  of  cornices ;  and,  fourth,  the  practice  of  rusticating  columns.  Had 
Palladio  lived  to  a  later  day,  he  might  have  greatly  increased  his  list  of  abuses,  as  Per- 
rault  has  done  in  the  following  list :  the  first  whereof  is  that  of  allowing  columns  and 
pilasters  to  penetrate  one  another,  or  be  conjoined  at  the  angles  of  a  building.  The 
second,  that  of  coupling  columns,  which  Perrault  himself  in  the  Louvre  has  made  almost 
excusable ;  the  third,  that  of  enlarging  the  metopae  in  the  Doric  order,  for  the  purpose 
of  accommodating  them  to  the  intercolumniations ;  the  fourth,  that  of  leaving  out  the 
tailloir  in  the  inferior  part  of  the  modem  Ionic  capital ;  the  fifth,  that  of  running  up 
an  order  through  two  or  three  stories,  instead  of  decorating  each  atory  with  its  own 
order ;  the  sixth,  that  of  joining,  contrary  to  the  practice  of  the  ancients,  the  plinth 
of  the  column  to  the  cornice  of  the  pedestal,  by  means  of  an  inverted  oavetto ;  the 
seventh,  the  use  of  architrave  cornices ;  the  eighth,  that  of  breaking  the  entablatnic  of 
an  order  over  a  column,  &c.  &c. 

Abutment.  (According  to  some,  from  the  French  aboutir,  to  ofritf,  among  whom  the 
learned  Spclman;  but  according  to  others,  from  the  Saxon  abuean,  abouL")  The  soUd 
part  of  a  pier  from  which  the  arch  immediately  springs.  Abutments  are  artificial  or 
natural :  the  former  are  usually  formed  of  masonry  or  brickwork,  and  the  latter  are 
the  rock  or  other  solid  materials  on  the  banks  of  the  riv^,  in  the  case  of  a  bridge,  which 
receive  the  foot  of  the  arch.  It  is  obvious  that  they  should  be  of  suffi^ent  solidity  and 
strength  to  resist  the  thrust  of  the  arch.     See  p.  401 ,  ei  se^.,  and  Arch  in  this  glossary. 

Abuttals.     The  buttings  or  boundings  of  land. 

Acanthus.  ( Airai'OoT,  a  spine. )  A  spiny  herbaceous  plant  found  in  various  parts  of  the 
I^evant.  Its  leaf  is  said  by  Vitruvius  to  have  been  the  model  on  which  the  Grecian 
architects  formed  the  leaves  of  the  Corinthian  capital.     See  p.  61. 

Acer.  (Celt.  Ac,  a  point;  Lat.  Acer,  sharp.)  A  genus  of  trees  comprehending  the  maple 
and  sycamore,  the  wood  whereof  is  not  of  much  value.  That  of  the  acer  campestre 
f\irnidies  the  cabinet-makers  with  what  they  call  bird's-eye  maple. 

Accesses.     See  Passage.  ' 

Accidental  Point.  In  perspective,  the  point  in  which  a  strught  line  drawn  from  the  eye 
parallel  to  another  straight  line  cuts  the  perspective  plane.  It  is  the  point  wherein  the 
representations  of  all  straight  lines  parallel  to  the  original  straight  line  concur  when 
produced.  Its  name  is  adopted  to  distinguish  it  fh>m  the  principid  point  or  point  of  view. 
See  Perspective,  p.  649,  et  seq. 

Acoustics.  (Gr.  AxoiW,  to  hear.)  The  doctrine  or  theory  of  sounds,  as  applicable  to 
buildings.     See  p.  8()1,  et  teq.y  THXATax. 

Acropolis.  (Gr.  Axpoi  and  IloXif,  city.)  The  upper  town  or  citadel  of  a  Gredan  city, 
usually  the  site  of  the  originid  settlement,  and  chosen  by  the  coloniats  for  its  natnnl 
strength.  The  most  celebrated  were  those  of  Athens,  Corinth,  and  Ithome,  whereof  the 
two  latter  were  called  the  horns  of  the  Peloponnesus,  as  though  their  possession  could 
secure  the  submission  of  the  whole  peninsula. 

Acroteria.  (Gr.  Axpcrr^piov,  the  extremity  of  any  thing.)  The  pedestals,  often  without 
base  or  cornice,  placed  on  the  centre  and  sides  of  pediments  for  the  reception  of  figures. 
Vitruvius  says  that  the  lateral  acroteria  ought  to  be  half  the  height  of  the  tympanum, 
and  the  apex  acroterium  should  be  an  eighth  part  more.  No  r^^lar  proportion,  bow- 
ever,  is  observable  in  Grecian  buildings. 

The  word  acroterium  is  applied  to  the  ridge  of  a  building ;  it  has  also  been  used  to 
signify  the  statues  on  the  pedestals ;  but  it  is  only  to  these  latter  that  it  is  strictly 
applicable.     The  word  has  moreover  been  given  to  the  small  pieces  of  wall  in  balu.«- 
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trades,  between  the  pedestal  and  the  balusters,  and  again  for  the  pinnacles  or  other  oma^ 
menta  which  stand  in  ranges  on  the  horizontal  copings  or  parapets  of  buildings. 

AcuTK-AVOLKo  TaiANGLs.  A  triangle  haviug  all  its  angles  acute.  Every  triangle  has  at 
least  two  acute  angles. 

AcuTB  Akols.  a  term  used  in  geometry  to  denote  an  angle  less  than  90%  that  is,  less 
than  a  right  angle. 

AnAM,  RoaaRT.     See  AacHrrscrs,  list  o(  302. 

Adams,  RoacaT.     See  AacumBCTs,  list  of,  244. 

AouasioM  (Lat.  Adhaereo.)  A  term  in  physics  denoting  the  force  with  which  different 
bodies  remain  attached  to  each  other  when  brought  into  contact.  It  must  not  be  con- 
founded with  cohesion,  which  is  the  force  that  unites  the  particles  of  a  homogeneous 
body  with  each  other.  The  following  is  an  account  of  some  experiments  recorded  in  the 
Teehnwd  Repotitory  for  1824.  *<  The  insertion  of  a  nail  is  accomplished  by  destroying 
the  cohesion  of  the  wood,  its  extraction  by  overcoming  the  force  of  adhesion  and  friction. 
We  will  consider  it  here  solely  as  a  case  of  adhenon.  Fine  sprigs,  of  which  45G0  weighed 
one  pound,  ^  of  an  inch  long,  forced  four  tenths  of  an  inch  into  dry  Christiana  deals  at 
right  angles  to  the  fibre,  required  a  force  of  22  lbs.  to  extract  them.  The  same  descrip- 
tion of  nail  having  .S200  in  the  pound,  -^  of  an  inch  long,  and  forced  -|^|  of  an  inch  into 
the  same  kind  of  wood,  required  37  lbs.  to  extract  it.  Threepenny  brads,  6 1 8  to  the 
pound  weight,  one  and  a  quarter  inch  long,  forced  half  an  inch  into  the  .wood,  required  a 
force  of  72  lbs.  to  draw  them  out.  Fivepenny  nails,  1 39  to  the  pound  weight,  two  inches 
long,  and  forced  one  inch  and  a  half  into  the  wood,  required  a  force  of  170  lbs.  to  extract 
them.  The  same  kind  of  nail  forced  one  inch*and  a  half  into  the  wood  required  327  lbs.  to 
draw  it  out.  In  this  last  experiment  the  nail  was  forced  into  the  wood  by  a  hammer  of  cast 
iron  weighing  627  lbs.  falling  from  a  height  of  twelve  inches,  four  blows  of  which  were 
necessary  to  force  the  nail  an  inch  and  a  half  into  the  wood.  It  required  a  pressure  of 
400  lbs.  to  force  the  nail  to  the  same  depth.  A  sixpenny  nail  driven  one  inch  into  dry 
elm  across  the  grain  or  fibres  required  327  lbs.  to  draw  it  out  by  direct  force  ;  driven 
endwise  into  dry  elm,  or  parallel  with  the  grain,  it  required  only  257  lbs.  to  extract  it 
The  same  sort  of  nail  dnven  into  dry  Christiana  deid  was  extracted  by  a  force  equal 
to  257  lbs.,  and  by  one  of  87  lbs.  from  a  depth  of  an  inch.  The  adhesion,  therefore,  of  a 
nail  driven  into  elm  across  the  grain,  or  at  right  angles  to  the  fibres  of  the  wood,  is 
greater  than  when  it  is  driven  with  the  grain,  or  parallel  with  the  fibres,  in  the  propor- 
tion of  100  to  78,  or  4  to  3.  And  under  the  same  circumstances,  in  dry  Christiana  deal, 
as  100  to  46,  or  nearly  2  to  1.  The  comparative  adhesion  of  nails  in  elm  and  deal  is 
between  2  and  3  to  I.  To  extract  a  sixpenny  nail  driven  one  inch  into  green  sycamore 
required  312  lbs. ;  from  dry  oak,  507  lbs. ;  and  from  dry  beach,  667  lbs.  A  common 
screw  of  one  fifUi  of  an  inch  had  an  adhesion  about  three  times  as  great  as  that  of  a 
sixpenny  nail.  A  common  sixpenny  nail  driven  two  inches  into  dry  oak  would  require 
more  than  half  a  ton  to  extract  it  by  pressure.** 

AoiT  ( Lat.  Adeo),  or  Aditus.  The  approach  or  entrance  to  a  building,  &c.  Among  the 
ancients  the  aStma  theatri,  or  adits  of  a  theatre,  were  doorways  opening  on  to  the  stairs,  by 
which  persons  entered  the  theatre  from  the  outer  portico^  and  thence  descended  into  the 
seats.    Upon  the  same  principle  were  the  adits  of  a  circus. 

AniACKNT  Amclk,  in  geometry,  is  an  angle  immediately  contiguous  to  another,  so  that  one 
side  is  common  to  both  angles.  This  expression  is  more  particularly  applied  to  denote 
that  the  two  angles  have  not  only  one  side  in  common,  but  likewise  that  the  other  two 
aides  form  one  straight  line. 

Adytum.  (Gr.  ASvror,  a  recess.)  The  secret  dark  chamber  in  a  temple  to  which  none  but 
the  priests  had  access,  and  fhnn  which  the  oracles  were  delivered.  Seneca,  in  his  tra- 
gedy of  Thyestes  says,  — ' 

**  Hlnc  onmtibut 
Retponsa  dantur  certa,  dum  ingentl  8ono 
I^xantur  adyto  fiua." 

Among  the  Egyptians  the  aecot  was  the  same  thing,  and  is  described  by  Strabo.  The 
only  well-preserved  ancient  adytum  that  has  come  to  our  knowledge  is  in  the  little 
temple  at  Pompeii ;  it  is  nused  some  steps  above  the  level  of  the  temple  itself  and  is 
without  light. 
Adze,  or  Addicc  An  edged  tool  used  to  chip  surfaces  in  an  horizontal  direction,  the  axe 
being  employed  to  chop  materials  in  vertical  positions.  The  blade,  which  is  of  iron,  forms 
a  small  portion  of  a  cylindric  surfoce  in  both  its  sides,  and  has  a  wooden  handle  fixed  into 
a  socket  at  one  of  its  extremities,  in  a  radial  direction,  while  the  otlier  extremity,  parallel 
to  the  axis  of  the  cylinder,  and  therefore  at  right  angles  to  the  handle,  is  edged  with 
steel,  and  ground  sharp  from  the  concave  side.  The  adze  is  chiefly  employed  for  taking 
off  thin  chips  from  timber  or  boards,  and  for  paring  away  irregularities  at  which  the  axe 
cannot  come.  It  is  also  used  in  most  joinings  of  carpentry,  particularly  when  notched 
upon  one  another,  scarfings,  thicknesses  of  flooring  boards  opposite  to  the  joints,  &c. 
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Mhruic,     See  AacHiTBcrs,  list  ci,  76. 

AsRiAL  Pbrspbctivk.  The  relative  apparent  recearion  of  objects  from  the  fbregrowul, 
owing  to  the  quantity  of  air  interpoeed  between  them  and  the  spectator.  It  acecwnpaniea 
the  reoetsion  of  the  perspective  lines. 

JEnHwticB.  (Gr.  AurBiirueof,  having  the  power  of  perception  by  means  of  the  senses.)  It 
is  in  the  fine  arts  that  science  wUch  derives  the  first  principles  from  the  eiSoet  vfaiefa 
certain  combinations  have  on  the  mind  as  connected  witii  nature  and  right  reason.  See 
p.  673. 

^THcaiDs.     See  Ahchitbcts,  list  oC  60. 

^TiAioi.  (Gr.  A9T0S,  an  eagle.)  The  name  pven  by  the  Greek  arefaitects  to  the  slabs 
forming  the  face  of  the  tympanum  of  a  pedmient  This  word  occurs  in  tlie  Athenian 
inscription  now  in  the  British  Museum,  brought  to  England  by  Dr.  Chandler,  and  re- 
lating to  the  survey  of  some  temple  at  Athens. 

^TOM A,  or  JEtou,  (Gr.  Arror.)  A  name  given  by  the  Greek  architects  to  the  tympanum 
of  a  pediment  It  seems  derived  fi^nn  the  custom  of  decorating  the  apex  or  ridge  of  the 
roof  with  figures  of  eagles,  and  that  the  name  thence  first  given  to  the  ridge  was  after- 
wards  transferred  to  the  pediment  itaeltt 

Agambdbs.     See  AacHrrBcrs,  Ust  o^  S. 

AoArxos.     See  AacHiTBcrs,  list  of,  10. 

AaifOLo  D*,  Baccio.     See  AacnrrBcrs,  list  of,  906. 

Agnolo  Gabkibllo.     See  Abchitbcts,  list  of,  171. 

AoosTiNO  and  Anoklo,  of  Sena.     See  AacHrracTs,  list  of,  131. 

AoRicoLA.     See  Architbcts,  list  of,  59. 

Air  Drains,  or  Dry  Arbas.  Cavities  between  the  external  walls  of  a  building  protected 
by  a  wall  towards  the  earth,  which  is  thus  prevented  from  lying  against  the  said  waUs 
and  creating  damp.  They  may  be  made  with  the  walls  battering  against  the  ground, 
and  covered  over  with  paving  stones,  or  with  their  walls  newly  peipendieular,  and 
arched  on  the  top ;  the  bottoms  should  be  paved,  and  they  should  be  well  ventilated. 

Air  Holbs.  Holes  made  for  admitting  air  to  ventilate  apartments,  also  for  introducing  it 
among  the  timbers  of  floors  and  roofr  for  the  prevention  or  destruction  of  the  dry  rot. 

Air  Traf.  A  trap  immersed  various  ways  in  water  to  prevent  foul  ur  rising  from  sewers 
or  drains. 

Ajutagb.  (Fr.).  Part  of  the  apparatus  of  an  artificial  fountain,  being  a  sort  of /s(  ^mm, 
or  kind  of  tube  fitted  to  the  mouth  or  aperture  of  a  vessel,  through  which  the  water  is 
to  be  played,  and  by  it  determined  into  the  form  to  be  given  to  it. 

AisLx,  or  Ala.  (Lat.  Ala.)  A  term  chiefly  used  by  Sie  English  tfchitect  to  signify 
the  side  subdivisions  in  a  church,  usually  separated  from  the  nave  or  centre  diviaon  by 
pillars  or  columns  ;  but  among  difierent  nations,  as  applied  to  architecture,  it  bean  di^ 
forent  significations.  We  are  told  by  Strabo  that  among  the  Egyptians  Uie  alse  of  the 
temple  were  the  two  walls  that  enclosed  the  two  sides  of  the  pronaos,  and  of  the  same 
height  as  the  temple  itseIC  The  waBs,  be  observes,  fivm  above  ground,  were  a  little 
fiirther  apart  than  the  foundations  of  the  temple,  but  as  they  rose,  were  built  with  an 
inclination  to  each  other.  We  do  not,  however,  clearly  understand  the  passage,  which 
puzsled  Pocock  as  much  as  it  has  ourselves.  The  Ghreek  abe,  called  jifera,  were  the 
colonnades  which  surrounded  the  cell  of  the  temple,  the  monopteros  temple  beins  tiie 
only  species  which  had  cohunns  without  a  wall  behind  them.  The  peripteral  had  one 
tier  of  columns  round  the  cell,  the  dipteral  two,  and  the  psendo  or  fidse  diptersl,  in> 
vented  by  Hermogenes,  was  that  in  which  the  ala  was  nn^e,  but  occupied  the  same 
space  on  the  sides  of  the  cell  as  the  dipteral,  though  one  of  the  tiers  of  columns  was  left 
out.  Thus,  by  metaphor,  tiie  colunms  were  called  the  alse  or  wings  of  the  temple.  The 
term  is  also  applied  to  the  sides  of  a  building  which  are  subordinate  to  the  principal  and 
central  division,  and  are  vulgarly  called  wings.  In  Gothic  as  well  as  many  modem 
churches  the  breadth  is  divided  into  three  or  five  parts,  by  two  or  by  four  rows  of  pillars 
running  parallel  to  the  sides ;  and  as  one  or  other  is  the  case,  the  church  is  said  to  be  a 
three-aisled  or  five-aisled  fiibric.  The  middle  aisle  is  celled  tiie  nave  or  chief  aisle,  and 
the  penthouse,  which  joins  to  each  side  of  the  main  structure  containing  the  aisles,  is 
called  a  wing.  In  Great  Britain  no  instance  occurs  of  a  five-aisled  church,  except  a 
building  at  the  west  end  of  the  cathedral  at  Durham.  On  the  Continent  there  are 
many  such  buildings,  unong  which  is  the  catiiedral  at  Milan.  It  is  somewhat  remark- 
able that  in  Westminster  Abbey  and  in  Redcliflfe  Church  at  Bristol  the  aisles  are  con- 
tinued on  each  side  of  the  transept,  and  in  Salisbury  Cathedral  on  one  side  only,  a 
circumstance  not  met  with  in  any  other  churches  in  this  country. 

Alabastsr.  a  white  semi-transparent  variety  of  gypsum  or  sulphate  of  lime,  a  mineral  of 
common  occurrence,  and  used  for  various  ornamental  purposes.  It  was  much  used  for- 
merly for  monuments  in  churches  and  the  like. 

Albarium  Opus.  (Lat)  In  ancient  Roman  architecture  a  term  imagined  by  some  to 
have  been  notliing  more  than  a  species  of  whitewash  applied  to  walls,  but,  as  we  think. 
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incorrectlj.  In  the  fMusage  of  the  tenth  chapter  of  the  fifth  book  of  Vitrayius,  where 
he  recommends  the  use  of  the  alberium  opus  for  the  ceilings  of  baths,  he  allows 
tedorium  nput  as  a  substitute ;  so  that  we  think  it  was  a  species  of  stucco.  Its  employ- 
ment at  tiie  batiis  of  Agrippa,  knowing  as  we  do  the  extent  to  which  luxury  was 
carried  in  the  baths  of  the  ancients,  seems  to  prove  it  a  superior  sort  of  stucco,  and  it  is 
by  no  means  improbable  that  it  was  susceptible  of  a  high  poli^. 

AuKKT.     See  AacHrrxcrs,  list  o^  69. 

Albbeti,  Abistotelb.     See  Architkcts,  list  of,  ISO. 

^  Lxo  Baft.     See  AacaiTRcrs,  list  o^  16S. 

Alcock.     See  Aacmrscrs,  li^  of,  169. 

Alcovk.  (Alcoba,  Sp. ;  Elcant,  Arab.,  a  sleeping  chamber.)  That  part  of  a  sleeping 
chamber  wherein  the  bed  is  placed.  The  use  of  alcoves,  though  not  by  that  name,  is 
ancient.  They  were  frequently  designed  in  the  form  of  a  niche ;  such,  for  instance,  as 
those  that  Winkelman  notices  at  Hadrian's  villa  at  Tivoli,  of  which  sort  are  some  at 
PompeiL  They  were  often  formed  by  enclosures  or  balustrades,  of  various  heights,  and 
by  means  of  draperies  the  part  was  separated  from  the  large  chamber  whereof  it  was  a 
part.  Some  idea  may  be  formed  ci  it  fit>m  many  of  the  ancient  bassi  relievi,  especially 
from  the  celebrated  one  known  by  the  name  vX  the  Nozxt  AUtdbrandini,  In  modem 
works  this  part  of  a  room  differs  accord  iiq;  to  the  rank  and  taste  of  the  proprietor.  In 
England  it  is  rardy  introduced,  but  in  France  and  Italy  it  often  forms  a  beautiful  feature 
in  the  apartments  of  palaces. 

Aldxe.  (Ang.  Sax.  EUam.)     A  tree  bdon^^ng  to  the  order  Betulacese.     See  page  486. 

Aldrich.     See  AaciiiTxcrs,  list  of,  268. 

Alduv.     See  Architkcts,  list  of,  79. 

ALKom.     See  Architkcts,  list  of,  953. 

Alkssi.     See  Abcbitkcts,  list  o^  215. 

Alkatorium.    In  ancient  Roman  architecture^  a  room  in  which  games  at  dice  were  played. 

Alkxakdkr.     See  AacHrrecTs,  list  of,  90. 

Algardi.     See  ARCHrrKcrs,  list  of,  256. 

Aliptkriok.  In  ancient  Roman  architecture^  a  room  used  by  the  bathers  for  anointing 
themselves. 

Alkorakxs.  In  Eastern  architecture,  high  slender  towers  attached  to  mosques,  and 
surrounded  with  baJoontes,  in  which  the  priests  recite  aloud  at  stated  times  prayers 
from  the  Koran,  and  announce  die  hours  of  devotion  to  worshippers.  They  much 
embellish  the  mosques,  and  are  often  very  fantastical  in  form. 

Allkt.  (Fr.  All^)  An  aisle,  or  any  part  of  a  church  left  open  for  access  to  another 
part.     In  towns,  a  passage  narrower  than  a  lane.     A  walk  in  a  garden. 

Aluxhrab.  a  niche  in  the  mosques  of  the  Mahometans  which  points  towards  tiie 
Kdtkt,  or  temple  of  Mecca,  to  which  their  religion  directs  them  to  bow  their  face  in 
praying. 

Almonry.  Properly  a  closet  or  repository  for  the  reception  of  broken  victuals  set  apart 
as  alms  for  the  poor,  but  more  generally  used  to  denote  a  house  near  the  church  in 
abbeys  or  their  gates,  provided  with  various  offices  for  distributing  the  alms  of  the 
convent  and  for  the  dwelling  of  the  almoner. 

Almshousx.  a  house  devoted  to  the  reception  and  support  of  the  poor,  generally  en- 
dowed for  a  particular  description^f  persons. 

Aloisius.     See  AacHrrxcTs,  list  of,  S6, 

Alonso.     See  Architkcts,  list  of^  196. 

AlTar.  (Lat.  Altare.)  A  sort  of  pedestal  whereon  sacrifice  was  offered.  According  to 
Servias  ttiere  was  among  the  ancients  a  difference  between  the  ara  and  aliarCf  the  latter 
being  raised  upon  a  substruction,  and  used  only  in  the  service  of  the  celestial  and 
superior  divinities,  whereas  the  former  was  merely  on  the  ground,  and  appropriated  to 
the  service  of  the  terrestrial  gods.  Altars  to  the  infernal  gods  were  made  by  excavation, 
and  termed  serobicMlu  Some  authors  have  maintained  that  the  ara  was  the  altar  before 
which  prayers  were  uttered,  and  that  the  altare  was  used  for  sacrifices  only.  There  is 
however  from  ancient  authors  no  appearance  of  such  distinctions,  but  that  the  words 
were  used  indiscriminately.  The  earliest  altars  were  square  polished  stones,  on  which 
were  placed  the  offerings  to  the  gods.  Whilst  the  sacrifice  consisted  only  of  libations, 
perfVimes,  and  ofl&rings  of  that  nature,  the  altar  was  small,  and  even  portable;  when 
man,  however,  began  to  consider  he  was  honouring  the  divinity  by  an  offering  of  blood, 
the  dtar  necessarily  expanded  in  dimeorions.  Different  forms  of  it  were  adopted, 
according  to  the  nature  of  the  sacrifice,  and  on  it  the  throat  of  the  rictim  was  cut  and 
the  fiesh  burnt.  Of  this  sort  is  the  circular  altar  of  the  Villa  Pamphili  at  Rome,  one  of 
the  largest  and  most  elegant  of  the  class.  On  it  appears  the  cavity  for  holding  the  fire, 
and  the  grooves  for  carrying  off  the  blood.  The  varieties  of  altars  were  suitable  in 
form,  ornament,  and  situation  to  the  service  to  which  they  were  appropriated :  some, 
as  we  have  already  observed,  being  for  sacrifices  of  blood,  others  for  receiving  offerings 
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and  the  noted  vemtA»i  some  for  burning  incenw,  others  for  receiving  libetions.     Many 

were  set  up  aa  mere  monuments  of  the  piety  of  a  deyotee,  whilst  others  were  raised  to 

perpetuate  some  great  event     They  served  for  adjuration  as  well  as  for  an  asylum  to 

the  unfortunate  and  evil  doer.     In  form  they  varied  from  square  to  obloog,  and  jfrom 

triangular  to  circular.     Those  of  metal  were  commonly  tripodiaL     When  df  brick  or 

stone  their  plan  is  generally  square.     According  to  Pausanius  they  were  oocaaonally 

made  of  wood.     They  do  not  appear  to  have  been  of  any  regular  standard  height*  for 

they  are  sometimes  found  on  bassi  reiievi  reaching  but  little  above  a  man's  knee,  whereas 

in  others  they  appear  to  reach  his  middle ;  but  it  seems  that  in  proportion  to  its  diameter 

the  circular  altar  was  generally  the  highest.     Vitruvius  says  that  they  should  not  be  so 

high  as  to  intercept  the  statues  of  the  gods,  and  he  gives  the  relative  heights  of  those 

used  for  diflTerent  divinities.     Thus,  he  says,  those  of  Jupiter  and  the  celestial  gods  are 

to  be  the  highest ;  next,  those  of  Vesta  and  the  terrestrial  gods ;  those  of  the  sea  gods 

are  to  be  a  little  Lower,  and  so  on.     On  festivals  they  were  decorated  with  such  flowers 

and  leaves  as  were  sacred  to  the  particular  divinity.     But  besides  this  casual  decoration, 

the  ancient  altars  furnish  us  with  some  of  the  most  elegant  bassi  rilievi  and  foliage 

ornaments  that  are  known.     According  to  Vitruvius,  their  fronts  were  directed  towards 

the  east,  though  yery  frequently  but  little  r^ard  was  paid  to  their  position,  as  they  were 

occasionally  placed  under  the  peristyle  of  a  temple,  and  not  unfirequently  in  the  open 

air.     In  the  larger  temples  were  often  three  difieroit  altars.     The  first  was  in  the  most 

sacred  part,  in  front  of  the  statue  of  the  god ;  the  second  before  the  door  of  the  temple ; 

and  the  third  (called  tmcalahrU)  was  portable^  and  on  it  the  offerings  and  sacred  vessels 

were  placed- 

The  altars  of  the  Catholic  church  are  either  attached  or  isolated.   The  former  generally 

stand  sffainst  a  wall,  and  are  so  decorated  as  to  appear  quite  independent  of  it.     The 

decorations  are  either  of  painting  or  sculpture,  or  both.      The  isolated  altar  has  no 

sort  of  connection  with  any  part  either  of  the  building  or  of  its   decorations.      Tlie 

high  altar  is  always  isolated,  whether  placed  at  the  end  of  the  church  or  in  its  centre. 

Whatever  the  situation  of  the  high  altar,  it  should  be  grand  and  simple:  it  should  be 

raised  on  a  platform,  with  steps  on  every  side.     The  table  itself  is  usually  in  the  form 

of  an   antique    sarcophagus.      The  altar  of  the    Protestant  churches  of  England  is 

generally  only  an  osk  table,  covered  with   a  white  cloth,  and  but  little  ornamented 

either  iJrave  or  on  the  sides.     In  country  churches  we  sometimes  find  superadded  as 

an  ornament,  to  show,  we  suppose,  that  painting  may  be  tolerated  in  Protestant  worship, 

the  figures 

"  Of  Moms  and  Aaron  stuck  cloie  by  the  wall. 
To  hold  the  commandments  for  fear  they  should  fall.** 

llie  het  iSf  the  Church  of  England  is  so  overawed  by  sectaries,  that  she  is  afraid  of 
doing  anything  congenial  to  the  feelings  of  a  polished  mind  as  respects  the  decoration 
of  her  churches,  which  are  in  the  new  examples  built  by  the  commissioners  more  than 
ever  stript  of  all  elegant  accompaniments;  a  practice  which  turns  our  churches  into  hams 
rather  than  temples  of  the  Most  Hij^. 

The  altars  of  the  Greek  church,  though  in  other  respects  the  religion  vies  in  splendour 
with  the  Romish  church,  are  destitute  of  painted  or  sculptured  ornament ;  and  in 
Calvinistic  churches  the  name  as  well  as  the  uses  of  an  altar  are  unknown  either  as  an 
appendage  or  a  decoration. 

Altar-pieck.     The  entire  decorations  of  an  altar. 

Altau  Sckebn.  The  back  of  an  altar,  or  the  partition  by  which  the  choir  is  separated 
from  the  presbytery  and  Lady  chapel.  The  date  of  its  introduction  into  Engli&h  churches 
we  believe  to  have  been  about  the  close  of  the  thirteenth  century.  It  is  generally  of 
stone,  and  composed  of  the  richest  tabernacle  work,  of  niches,  finisls,  and  pedestals,  sup- 
porting statues  of  the  tutelary  saints.  Those  to  the  high  altars  of  Winchester  Cathe- 
dral, of  St.  Alban*s  Abbey,  and  of  New  College,  are  fine  examples.  Many  were 
destroyed  at  the  Ileformation,  or  filled  up  with  plaster  and  covered  with  wainscot.  In 
all  altar  screens  a  door  is  placed  on  each  side  for  the  ofliciating  priests,  whose  vestments 
were  deposited  in  an  apartment  behind  the  altar  screen. 

Alto  Rilievo.     See  Rilixvo. 

ALvrius.     See  AacHiTBcrs,  list  of,  53. 

Ambitus.  A  space  which  surrounded  a  tomb,  and  was  held  sacred.  In  descriptions  of 
subterranean  tombs,  it  denoted  a  small  niche  made  in  the  wall  for  the  reception  of  an 
urn  or  body.  When  the  corpse  was  placed  in  it,  to  the  mouth  of  the  niche  a  slab  was 
fixed,  so  fitted  and  cemented  as  to  prevent  noisome  effluvia.  The  slabs  were  sometimes 
inscribed  with  the  name  and  quality  of  the  party.  If  they  received  an  urn,  either  upon 
that  or  over  the  niche  the  inscription  was  placed.  Much  decoration  was  occasionally 
used  in  the  recesses  themselves. 

Ambo.  (Or.  ^§c0y.)  The  elevated  place  or  pulpit  in  the  early  Chrbtian  churches,  which, 
according  to  Ciampini,  fell  into  disuse  about  the  b^inning  of  the  fourteenth  century. 
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The  last  erected  ambo  in  Rome  is  supposed  to  have  been  that  of  S.  Panerazio^  on  which 
appears  the  date  of  1249.  It  was  an  oblong  enclosure,  with  steps  usually  at  the  two 
ends.  Two  ambones  are  described  by  Eustace  in  the  cathedral  at  Salerno.  They  are 
placed  on  each  side  of  the  nave  befiire  the  steps  of  the  chancel.  They  are  both  of 
marUe,  and  the  largest  is  covered  with  mosaic  and  supported  by  twdve  Corinthian 
granite  oolunuis. 

Ambulatokt.  (Lot)     A  sheltered  place  ibr  exercise  in  walking ;  a  cloister ;  a  gallery. 

Ambulatio.  (Lat.)     See  PrsKoxA. 

Ammanatx.     See  Archxtbcts,  list  of,  239. 

AMPHirmosTfxv.  ( Gr.  ofi^i,  both  or  double,  irpa,  before,  errvAos,  a  column. )  A  term  ap- 
plied to  a  temple  having  a  portico  or  porch  in  the  rear  as  well  as  in  the  front,  but  with- 
out columns  at  the  sides.  This  species  of  temple  never  exceeded  the  use  of  four  colunms 
in  the  front  and  four  in  the  rear.  It  differed  from  the  temple  in  antU,  in  having 
columns  instead  of  ant^  at  the  angles  of  the  portico.     See  TxMrLK. 

AMTHRHSATax.  (Gr.  ofjufn,  about,  and  B^arpor,  a  theatre.)  An  edifice  formed  by  the  junc- 
tion of  two  theatres  at  the  proscenium,  so  as  to  have  seats  all  round  the  periphery,  a 
contrivance  by  which  all  the  spectators,  being  ranged  about  on  seats  rising  the  one  above 
the  other,  saw  equally  well  what  passed  on  the  arena  or  space  enclosed  by  the  lowest 
range  of  seats,  whose  wall  towards  the  arena  was  called  the  podium.  The  origin  of  the 
amphitheatre  seems  to  have  been  among  the  Etruscans,  to  whom  also  are  attributed  the 
first  exhibitions  of  gladiatorial  fights.  It  was  ftom.  this  people  that  the  Romans 
acquired  a  taste  for  such  shows,  which  they  communicated  to  every  nation  which  became 
subject  to  their  dominion.  Athoueus  says,  "  Romani  ubi  primum  ludos  fiu^re  cocpe- 
runt,  huic  asciti  artifices  ab  Etruscis  civitatibus  frienint,  sero  autem  ludi  omnes  qui  nunc 
a  Romams  celebrari  solent  sunt  institute**  Lib.  iv.  c.  17.  The  most  extraordinary 
edifice  remaining  in  Rome,  we  may  indeed  sav  in  the  world,  is  the  amphitheatre  gene- 
rally called  the  Coliseum.  It  was  commenced  by  Vespatian,  and  completed  by  Titus  his 
son.  Words  are  inadequate  to  convey  a  satisfiutory  idea  of  its  stupendous  and  gigantic 
dimensions.  Ammianus  says  that  it  was  painful  to  the  eye  to  scan  its  summit :  *'  ad  cujus 
summitatem  wegt^  visio  humana  conscendit."     Martial,  in  one  of  his  epigrams,  says, 

**  OmnU  Ccsareo  cedat  labor  ainphitheatro, 
Uniim  pro  annetii  Tama  loqualur  opiu.** 

The  greater  aus  of  the  eUipus  on  which  it  is  planned  is  about  627  foet,  and  the  lesser 
520  feet,  the  height  of  the  outer  wall  about  166  feet,  such  wall  being  decorated  by  the 
Doric,  Ionic,  and  Corinthian  Orders,  and  pierced  with  arcades  between  the  columns. 
Covering  five  English  acres  and  a  quarter,  it  had  seats  for  87,000  spectators  with  stand- 
ing room  for  22,000  others.     It  has  suffered  much  from  having  been  used  actually  as  a 
quarry  for  many  of  the  modem  edifices  of  the  city;  but  in  Uie  present  day  its  pre- 
servation  is  strictly   attended  to  by  the   papal  government.      A   description  of  this 
building  has  been  given  in  p.  94,  el  Mg.      Besides  the  Coliseum,  there  were  three  other 
amphitheatres  in  Rome:  the  Amphitheatrum  Castrense,  on  the  Esquiline,  built  probably 
by  Tiberius ;  that  of  Statilius  Taurus,  and  that  built  by  Trajan  in  the  Campus  Martius. 
The  other  principal  amphitheatres  were  those  of  Otricoli  on  the  Garigliano,  of  brick ; 
Puszuoli,  Capua,  Verona,  at  the  foot  of  Monte  Casino,  Paestum,  Syracuse,  Agrigentum, 
Catanea,  Argos,  Corinth,  Pola  in  Istria  (see  fig.  127.),  Hipella  in  Spain,  Niames,  Aries, 
Frejus,  Saintes,  and  Autun.     This  last  has  four  stories,  in  that  respect  like  the  Coliseum. 
Tliat  which  remains  in  the  most  perfect  condition  is  at  Verona ;  its  age  has  not  been 
accurately  determined,  some  placing  it  in  the  age  of  Augustus,  and  others  in  that  of 
Maximian ;  of  these,  Maffei  thinks  the  first  date  too  early,  and  the  latter  too  late.     The 
silence  of  Pliny  upon  it  seems  to  place  it  after  the  time  of  his  writing.     In  the  reign 
of  Gallienus,  it  was  not  only  built,  but  began  to  suffer  from  dilapidation,  for  many  of  the 
stones  belonging  to  it  are  found  in  the  walls  of  Verona,  which  walls  were  erected  in  the 
time  of  that  emperor.     Many  of  these  were  keystones,  and  the  numbers  cut  upon  them 
still  remain.     From  the  silence  of  authors  that  it  was  the  work  of  any  of  the  emperors, 
it  seems  probable  that,  like  that  at  Capua,  it  was  erected  at  the  expense  of  the  citizens. 
The  length  is  about  514  feet,  and  the  breadth  about  410;  the  long  diameter  of  the 
arena  24'i  feet,  the  short  diameter  147  feet.      ITie  audience  part  or  viMorium  contained 
forty-seven  tiers  of  seats,  and  the  building  was  capable  of  contoining  about  22,000  seated 
spectators.     In  the  profile  of  the  walls  of  this  amphitheatre  the  diminution  m  thicknesa 
upwards  is  made  on  the  inside,  which  is  also  the  case  in  that  at  Pola.     In  the  Coluwum, 
the  diminution  is  on  the  outside.     The  amphitheatre  at  Nismes  contained  about  17,000 
persons,  and  was  about  400  feet  in  length  and  S20  feet  in  breadth.  j       j  ii 

The  first  amphitheatres,  as  we  learn  from  PUny ,  were  constructed  of  w<M>d,  and  usuiaiy 
placed  in  the  Campus  Martius,  or  in  some  place  out  of  the  city.     Accidents  occurTxix|g 
from  their  insecurity,  they  were  abandoned   for    the  more  substantial  species  ot  tai>rys 
whereof  we  have  been  speaking.    The  first  person  who  is  said  to  have  erected  an  ampni. 
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theatre  in  Rome  was  Caiiu  Seriboniiu  Curioi  on  the  oeeaaion  of  the  ganes  he  geve  to 
the  people  at  the  funeral  obsequies  of  his  Iktiier.  Determined  to  surpaas  all  that  had 
hitherto  been  seen,  he  constructed  two  theatres  of  wood,  back  to  hack,  which,  after  the 
theatrical  representations  had  been  finished,  were  turned  round  with  the  speetatan  in 
them,  leaying  the  stages  and  scenery  behind.  By  their  opposite  junction,  they  formed  a 
perfect  ampUthcatre,  in  which  the  people  were  gratified  with  a  show  of  ^adiaton. 

The  part  in  which  the  gladiators  fought  was  called  the  orBno,  from  being  usually 
covered  with  sand  to  absorb  tile  blood  spilt  in  the  conflicts,  for  which  it  was  used.  It 
was  encompassed  by  a  wall  called  the  podium^  fifteen  or  sixteen  fbet  high,  immediatriy 
round  which  sat  the  senators  and  ambassadors.  As  in  the  theatres,  the  seats  roee  at  the 
back  of  each  other ;  fourteen  rows  hack  from  the  podium  all  round  being  allotted  to 
the  equites,  and  the  remainder  to  the  public  generally,  who  sat  on  the  bare  stone^ 
cushions  b^ng  provided  for  the  senators  and  equites.  Though  at  most  times  open  to 
the  sky,  there  were  contrivances  for  covering  the  wlude  space  with  an  awning.  Tlie 
avenues  by  which  the  people  entered  and  retired  were  many  in  number,  and  were  called 
voMiloria.  Hie  reader  who  wishes  for  further  information  on  this  subject  may  consult 
with  advantage  MafTei,  I>tgU  A^fiimOriy  and  the  section  on  amphitheatres  in  his  exceUent 
and  learned  work,  Vwnma  OOm&traia. 

ANAMoamous.  (Gr.  aiw,  backward,  and  t»opfnt  form.)  A  term  employed  in  perspective 
to  denote  a  drawing  executed  in  such  a  manner  that  when  viewed  in  the  common  way 
it  presents  a  confbsed  and  distorted  image  of  the  thing  represented,  or  an  imM^  of  sonoe- 
thing  entirely  different ;  but  when  viewed  from  a  particular  point,  or  as  reflected  by  a 
curved  mirror,  or  through  a  polyhedron,  it  recovers  its  proportions  and  presents  a  distinct 
representation  of  the  object 

Anchor.  In  decoration,  an  ornament  shaped  Mmilarly  to  an  anchor  or  arrow  head.  It  is 
used  With  the  Mg  ornament  (see  page  684.  Jig,  86.)  to  decorate  or  enrich  mouldings. 
By  some  it  is  ouled  a  tongue,  from  its  supposed  resemblance  to  the  forked  tongue  of  a 
serpent.  It  is  used  in  all  the  orders,  but  only  applied  to  the  moulding  called  the  echinua 
or  quarter  round. 

Ancovks.  (Gr.  ayuttv,  the  joint  of  the  elbow.)  The  trusses  or  consoles  sometimes  em- 
ployed in  the  dressings  or  antepagmenta  of  apertures,  serving  as  an  apparent  support  to 
the  cornice  v^  them  at  the  flanks.  In  ancient  doors  the  ancones  were  sometimes  brooder 
at  the  top  than  at  the  bottom,  and  were  not  in  contact  with  the  flanks  of  the  architrave^ 
but  situated  a  small  distance  from  them,  the  ancones  being  still  further  removed.  Tlie 
term  is  also  used  to  signify  the  comers  or  quoins  of  walls^  cross  beams,  or  rafUrs. 

Andrka  ni  Pjsa.     See  Axchitscts,  list  o^  ISO. 

AvoaoM.  (Gr.  avqp.)  In  ancient  architecture,  the  apartment  ^propriated  to  the  reception 
of  the  male  branches  of  the  estoblishment,  and  always  in  the  lower  part  of  the  house,  the 
gfnadot  or  women's  apartments,  b^g  in  the  upper  part. 

AvDBONicus.     See  AacHXTscrs,  list  o(t  28. 

AwnaouET  dd  CaacxAV.     See  AacHiracTS,  list  of,  S46. 

A  NO  LK.  (Lat.  Angulus.)  The  mutual  inclination  of  two  Hncs  meeting  in  a  point,  called 
indifferently  the  angular  point,  vertex,  or  point  of  concourse :  the  two  lines  are  called 
legs.     See  Gxomktxt,  page  306. 

Anglb  Bar.     In  joinery,  the  upright  bar  at  the  angle  of  a  polygonal  window. 

Amolk  Bxau,  or  SrAPr  Bead.  A  vertical  bead,  commonly  of  wood,  fixed  to  an  exterior 
angle  and  flush  with  the  intended  surface  of  the  plaster  on  both  sides,  for  the  purpose 
of  securing  the  angle  against  accident,  serving  also  as  a  guide  for  floating  the  plaster. 
The  secti<m  of  these  beads  is  about  three  quarters  of  a  circle,  with  a  projecting  put  from 
the  other  quarter,  by  means  whereof  they  are  made  fast  to  the  wood  bricks,  plugging,  or 
l>ond  limbers.  Angle  beads  of  wood  round  the  intradosses  of  circular  arches  are  dUB- 
cult  to  bend  without  cutting  or  steaming  them.  The  former  has  a  very  unmghtly  appear- 
ance, and  the  latter  method  is  at  once  inconvenient  and  troublesome.  The  plaster  itself 
is  the  best  material  in  this  case,  and  at  the  height  generally  placed  will  be  out  of  the 
reach  of  accident  In  good  finishings  comer  beads  which  are  unsightly  should  not  be 
used,  but  the  plaster  should  be  well  guaged  and  brought  to  an  arria 

Akglk  Bracx.  In  carpentry,  a  piece  of  timber  fixed  to  the  two  extremities  of  a  piece  of 
quadrangular  framing,  making  it  partake  of  the  form  of  an  octagon.  This  piece  is  also 
<»lled  an  angle  tu  and  a  diagonal  tie.  By  the  use  of  this  piece  vnill  plates  are  frequently 
braced.  In  constructing  a  well  hole  of  a  circular  section  through  a  roof  or  floor  for  a 
skylight,  &c.  the  firaming  is  first  made  in  a  quadrangular  form ;  braces  are  then  fixed 
opposite  to  each  angle,  and  the  aperture  becomes  an  octagon ;  finslly,  pieces  are  fixed  at 
each  anele  of  the  octagon,  meeting  each  other  in  the  middle  of  its  sides,  so  as  to  tranafomi 
the  section  of  the  aperture  into  a  circle. 

Anolb  Brackkt.  a  bracket  placed  in  the  vertex  of  an  angle,  and  not  at  right  angles  with 
the  sides.     See  BaAcxariNo. 

Amglk  Capital.     In  ancient  Greek  architecture,  the  Ionic  capitals  used  to  the  flank 
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columns  which  hmwe  one  of  their  Tolutes  placed  at  an  angle  of  185^  iritfa  the  planes  of 
the  front  and  returning  friete.  As  an  example  may  be  given  the  angle  capitals  of  the 
temple  of  Minerva  Polias  at  Athens.  This  term  is  also  applied  to  the  xnodem  Ionic 
capital,  in  which  the  whole  of  the  four  volutes  have  an  angular  direction. 

AvGLB  Chimnkt.     a  chimney  placed  in  the  angle  of  a  room. 

ANOX.K  Monnxiov.  A  modillkm  placed  in  a  direction  parallel  to  a  diagonal  drawn  through 
a  cornice  at  its  mitring.  It  is  an  abuse  seen  only  in  the  buildings  erected  during  the 
decline  of  Roman  architecture,  as  in  the  ruins  of  Balbee  and  Palmjrra,  and  in  the  palace 
of  the  Emperor  Dioclesian  at  Spalatro. 

Anglx  or  Vision.  (See  Pkbspbctzvb,  p.  649,  et  ieq.)  The  angle  under  which  an  object 
or  objects  are  seen,  and  upon  whi<^  thrir  apparent  magnitudes  depend.  In  practical 
perspective  it  should  not  exceed  sixty  degrees. 

Anglx  of  a  Wall.  The  angle  contained  by  the  vertical  planes  of  two  walls  which  form 
the  angle  of  the  building.  The  term  is  sometimes  used  to  denote  the  line  in  which  the 
two  sides  of  the  angle  meet,  which  by  workmen  is  commonly  called  the  arria  :  the  arris 
however  is  not  the  angle,  but  the  line  of  concourse  formed  by  the  two  sides  or  planes 
which  contain  the  angle. 

Anglx  Raftkx.  The  piece  of  timber  in  a  hipped  roof  placed  in  the  line  of  concourse 
of  the  two  inclined  planes  forming  the  hip.  It  is  more  often  called  a  hip  rafter.  See 
Hip  and  Caxpxntrt,  page  548. 

Akolx  Rib.'  A  piece  of  timber  of  a  curved  form  placed  between  those  two  parts  of  a 
coved  or  arched  ceiling  or  vault  which  form  an  angle  with  each  other  so  as  to  range  with 
the  common  ribs  on  each  side  or  return  part. 

Anglx  Stapf.     See  Anglx  Bxad. 

Anglx  Svonks.     A  term  used  by  some  authors  to  denote  quoins. 

Anglx  Tix.     See  Anglx  Bxacx. 

Angulax  Capral.     See  Capral. 

Annurixs.     See  p.  856>  ti  aeq. 

Annulax  Mouldings.  Generally  those  hxving  vertical  sides  and  horisontal  circular 
sections. 

Annulax  Vault.  A  vault  springing  from  two  walls  each  circular  <m  the  plan ;  such  as 
that  in  the  temple  of  Bacchus  at  Rome. 

Annulxt.  (Lat.  Annulus.)  A  small  fillet  whose  horisontal  section  is  circular.  The  neck 
or  under  side  of  the  Doric  capital  is  decorated  with  these  thin  fillets,  listels,  or  bands, 
whose  number  varies  in  different  examples.  Thus  in  the  Doric  of  the  theatre  of  Mar- 
cellus  there  are  three,  whilst  in  the  great  temple  at  Paestum  they  are  four  in  number, 
and  in  other  cases  as  many  as  five  are  used. 

Anta,  m,  plur.  (Lat.  Anta.)  The  joints  or  square  posts  supporting  the  linteb  of  doors. 
Hie  term  anta  we  think  only  applicable  to  pUasters  or  pillars  attached  to  a  wall,  though 
some  authors,  as  Perault,  have  thought  otherwise.  Vitruvius  calls  square  pilasters 
when  insulated  partutata.  There  are  three  kinds  of  antas :  those  of  porches  or  Jamb 
ornaments ;  angular  antA,  being  such  as  show  two  ftces  on  the  walls  of  a  temple ;  and 
those  on  the  longitudinal  walls  of  its  oelL  Antas  are  only  found  in  temples  as  wings  to 
the  ends  of  the  walls  of  the  pronaos  to  give  a  finish  to  the  terminations  the  ends  of  the 
walls  would  otherwise  present.  It  mi|^t  have  been  this  view  which  led  the  Greeks 
to  treat  them  rather  as  distinct  objects  than  to  assimilate  their  finishings  to  those  of 
columns.  CcMoridered  as  pilasters,  the  reader  is  referred  to  p.  735,  tt  »eq.,  where  the 
diminutions  and  capitals  are  fully  considered.  The  latter  were  never  made  by  the  Cheeks 
like  those  of  the  accompanying  columns.  The  pilasters  in  Roman  architecture  differ 
cmly  from  the  column  in  being  square  instead  it  round.  A  rule  in  the  use  of  antae 
was,  that  their  projection  should  always  be  equal  to  that  at  least  of  the  mouldings 
used  on  them.  Some  beautifril  examples  of  antas  capitals  exist  in  the  temple  of  Minerva 
Polias  and  the  temple  of  Apollo  Didynuras  in  Ionia. 

Antx-chambxx  or  Amtx-xoom.  An  apartment  through  which  access  is  obtained  to  an- 
other chamber  or  room.  One  in  wluch  servants  wait  and  strangers  are  detained  till  the 
person  to  be  spoken  with  is  at  leisure.  In  the  distribution  of  many  houses  the  pecu- 
liarity of  the  plan  fiirees  upon  the  architect  the  introduction  of  ante-rooms :  in  most  cases, 
indeed,  they  add  both  elegance  and  dignity  to  a  design. 

Antxpagmxnta.  (Lat)  In  ancient  architecture,  the  jambs  or  moulded  architraves  of  a 
door.  The  lintel  returning  at  the  ends  with  similar  mouldings  down  upon  the  ante* 
pagmenta  was  called  supercilium. 

ANTxainxs.  In  ancient  architecture,  buttresses  or  counterforts  tat  the  support  of  a  walL 
The  Italians  call  them  tptrom  (spurs). 

Anthxkius.     See  AxcuiTxcfs,  list  o(  61. 

Antx-Coux.  a  French  term,  sometimes  however  used  by  Englbh  authors.  It  is  the 
approach  to  the  principal  court  of  a  house,  and  very  fiequentiy  serves  for  eommunication 
with  the  kitchen,  cellar,  stables,  &c. 
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Awncuv.  (I^t)  A  porah  to  a  front  door,  as  dictiiiguiahed  from  postieiim,  which  is  the 
porch  to  a  door  in  the  raar  of  a  building.  It  was  the  space  also  bclweeu  the  front  oolumns 
of  the  portico  and  the  wall  of  the  cellar.  The  word  has  been  sometimes  improperly 
used  for  anta. 

Amtipixjb.  (Lat.  anti  and  iigo.)  The  ornaments  of  lions'  and  other  heads  b^ow  the 
eayes  of  a  temple,  through  perforations  in  which,  usually  at  the  mouth,  the  water  is  east 
away  from  the  eaves.  By  some  this  term  is  used  to  denote  the  upright  ornaments  above 
the  eaves  in  ancient  architecture,  which  concealed  the  ends  of  the  harmi  or  joint  tilesL 

Antiquk.  a  term  applied  to  pieces  of  ancient  art  by  the  Greeks  and  Romans  of  the 
classical  age. 

AirriQUARiuit.  Among  the  ancients  an  apartment  or  cabinet  in  which  they  kept  their 
ancient  books  and  vases. 

Antmtates.     See  Ascbitbcts,  list  of,  15. 

Aktomimus.     See  Architkcts,  list  of,  50. 

Amtonio,  Fiorkktxvo.     See  Abchitbcts,  list  of,  228. 

Amtoimb.     See  AacHiTKcra,  list  of,  306. 

ArAKTMsifT.  (Lat.  partimentum.)  A  space  enclosed  by  walls  and  a  ceiling,  which  latter 
distinguishes  it  from  a  court  or  area.  The  distribution  of  apartments  of  a  building  has 
already  been  treated  of  in  this  work.     Soe  p.  771,  «i  atq. 

ArcRTURB.  (Lat  aperio.)  An  opening  through  any  body.  In  a  wall  it  has  usually  three 
strMght  sides,  two  whereof  are  perpendicular  to  the  horison,  and  the  third  parallel  to  it, 
connecting  the  lower  ends  of  the  vertical  sides.  The  materials  forming  the  vertical  sides 
are  called /am&f,  and  the  lower  level  side  is  called  the  stU,  and  the  upper  part  the  head. 
Thin  last  is  qither  a  curved  or  flat  arch.  Apertures  are  made  for  entrance^  light,  or 
ornament.  In  Greek  and  Egyptian  architecture,  but  especially  in  the  lattor,  ihe  jambs 
incline  towards  each  other.  Sometimes  apertures  are  made  circular,  elliptical,  or  por« 
tions  of  those  figures.  **  Apertures,"  says  Sir  Henry  Wotton,  **  are  inlets  for  air  and  light ; 
they  should  be  as  fow  in  number,  and  as  moderate  in  dimensions,  as  may  possibly  con- 
sist with  other  due  respects ;  for,  in  a  word,  all  opening  are  weakenings.  They  should 
not  approach  too  near  the  angles  of  the  w^ls ;  for  it  were  indeed  a  most  essential  so- 
lecism to  weaken  that  part  which  must  strengthen  all  the  rest.** 

Apiary.  (Lat  apis.)  A  place  for  keeping  beehives.  Sometimes  this  is  a  small  house 
with  openings  for  the  bees  in  front,  and  a  door  behind,  which  is  kept  locked  for  security. 
Sometimes  it  is  an  area  wherein  each  particular  beehive  is  chained  down  to  a  post  and 
padlocked. 

AroDVTBRiuM.  {ianSvffBM,  Gr.,  to  strip  oneself.)  The  apartment  at  the  entrance  of  the 
ancient  baths,  or  in  the  Palaestra,  where  a  person  took  off  his  dress,  whether  for  bathing 
or  gymnastic  exercises.  In  the  baths  of  Nero,  these  apartments  were  small,  but  in  those 
of  Caracalla  the  apodyterium  was  a  magnificent  room  with  columns  and  other  decora- 
tions. 

Apophtob.  (Gr.,  signifying  flight)  That  part  of  a  column  between  the  upper  fillet  or 
amulet  on  the  base  and  the  cylindrical  part  of  the  shaft  of  a  column,  usually  moulded 
into  a  hollow  or  cavetto,  out  of  which  the  column  seems  as  it  were  to  fly  or  escape  up- 
wards.    The  French  call  it  congS,  as  it  were,  leave  to  go. 

AroLLODoaua     See  Architxcts,  list  o^  47. 

Apotheca.  (Gr.)  A  storehouse  or  cellar  in  which  the  ancient  Greeks  deposited  their 
oil,  wine,  and  the  like. 

Aprok,  or  Pitching  Pibcb.  An  horizontal  piece  of  timber,  in  wooden  double-flighted 
stairs,  for  supporting  the  carriage  pieces  or  rough  strings  and  joistings  in  the  half  ^aoes 
or  landings.  The  apron  pieces  should  be  firmly  wedged  into  the  walL  See  SxAiacAsas, 
p.  575,  et  seq. 

Apsis,  or  Absis.  (Gr.,  signifying  an  arch.)  A  term  in  ecclesiastical  architecture,  denoting 
that  part  of  the  church  wherein  the  clergy  was  seated  or  the  altar  placed.  It  was  so 
called  from  being  usually  domed  or  vaulted,  and  not,  as  Isidorus  imagines,  from  being 
the  lightest  part  (apta).  The  apsis  was  either  circular  or  polygonal,  and  domed  over ; 
it  consisted  of  two  parts,  the  altar  and  the  presbytery  or  sanctuary.  At  the  middle  of 
the  semicircle  was  the  throne  of  the  bishop,  and  at  the  centre  of  the  diameter  was  placed 
the  altar,  towards  the  nave,  from  which  it  was  separated  by  an  open  balustrade  or  rail- 
ing. On  the  altar  was  placed  the  ciborium  and  cup.  Hie  thriNie  of  the  bidiop  having 
been  anciently  called  by  this  name,  some  have  thought  that  thence  this  part  of  the  edifice 
derived  its  name ;  but  the  converse  is  the  fiict  The  apna  gradata  implied  more  partir 
cularly  the  bishop*B  throne  being  raised  by  steps  above  the  ordinary  stalls.  This  was 
sometimes  called  exedra,  and  in  later  times  tribune. 

Aqukduct.  (Lat  aquae  ductus.)  A  conduit  or  channel  for  conveying  water  from  one  place 
to  another,  more  particularly  applied  to  structures  for  the  purpose  of  ccmveying  the  water 
of  distant  wrings  across  valleys,  for  the  supply  of  large  cities.  The  largest  and  most  mag- 
nificent aqueducts  with  the  existence  of  which  we  are  acquainted  were  constructed  by 
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the  Romans,  and  many  of  their  ruins  in  Italy  and  other  countries  of  Europe  still  attest 
the  power  and  industry  of  that  extraordinary  nation.  The  most  aneient  was  that  of 
Appiiis  Claudius,  which  was  erected  in  the  449d  year  of  the  city,  and  conveyed  the 
Aqua  Appia  to  Rome,  from  a  distance  of  11,190  Roman  paces  (a  pace  being  58*219 
English  inches),  and  was  carried  along  the  ground,  or  by  subterranean  lines,  about  1 1,000 
paces,  about  1 90  of  which  were  erected  on  arches.  The  next,  in  order  of  time^  was  the 
Anio  Vetus,  begun  by  M.  Curius  Dentatus,  about  the  year  of  Rome  481.  The  water  was 
collected  from  the  springs  about  Tiyoli ;  it  was  about  43,000  paces  in  length.  In  the  608tb 
year  of  the  city,  the  works  of  the  Anio  Vetus  and  Aqua  Appia  had  fidlen  into  decay,  and 
much  of  the  water  had  been  fraudulently  abstracted  by  individuals,  the  praetor  Martius 
was  therefore  empowered  to  take  measures  for  increadng  the  supply.  Tlie  result  of  this 
was  the  Aqua  Martia,  the  most  wholesome  water  with  which  Rome  was  supplied.  It 
was  brought  from  the  neighbourhood  of  Subiaco,  twenty  miles  above  Tivoli,  and  was 
61,710  Roman  paces  (about  61  miles),  whereof  7463  paces  were  above  ground,  and  the 
remainder  under  ground.  A  length  of  463  paces,  where  it  crossed  brook  and  valleys,  was 
supported  on  arches.  To  supply  this  in  drjbseasons,  was  conducted  into  it  another  stream 
of  equal  goodness  by  an  aqueduct  800  paces  long.  About  nineteen  years  after  this  was 
completed,  the  Aqua  Tepula  was  brought  in,  supplied  also  from  the  Anio ;  but  not  more 
than  2000  paces  in  length.  In  the  reign  of  Augustus,  Agrippa  collected  some  more 
springs  into  the  Aqua  Tepula,  but  the  latter  water  flowing  in  a  separate  channel,  it  pre- 
served its  name.  This  was  1 5,426  paces  long,  7000  above  ground,  and  the  remainder  of 
the  length  on  arcades.  To  this  was  given  by  Agrippa  the  name  of  Aqua  Julia.  In  the 
year  719  of  the  city,  Agrippa  restored  the  dilapidated  aqueducts  of  Appius,  of  Martius, 
and  of  the  Anio  Vetus,  at  his  own  expense,  besides  erecting  fountains  in  the  city.  The 
Aqua  Virgo,  which  received  its  name  from  a  girl  having  pomted  out  to  some  soldiers  the 
sources  of  the  stream  from  which  it  was  collected,  was  brought  to  Rome  by  an  aqueduct 
14,105  paces  in  length,  12,865  whereof  were  under  ground,  and  700  on  arches,  the  remainder 
being  above  ground.  The  Aqua  Alsietina,  called  also  Augusta,  was  22,172  paces  from 
its  source  to  the  city,  and  358  paces  of  it  were  on  arcades.  The  seven  aqueducts  above 
mentioned  being  found,  in  the  time  of  Caligula,  unequal  to  the  supply  of  the  city,  this 
emperor,  in  the  second  year  of  bis  reign,  began  two  others,  which  were  finished  by 
Claudius,  and  opened  in  the  year  of  the  city  803.  The  first  was  called  Aqua  Claudia, 
and  the  second  Anio  Novus,  to  distinguish  it  from  one  heretofore  mentioned.  The  first 
was  46,406  Roman  paces,  of  which  10,176  were  on  arcades,  and  the  rest  subterranean. 
The  Anio  Novus  was  58,700  paces  in  length,  9400  whereof  were  above  ground,  6491  on 
arches,  and  the  rest  subterranean.  Some  of  the  arches  of  these  are  100  Roman  feet  high. 
All  the  aqueducts  we  have  mentioned  were  on  different  levels,  and  distributed  accordingly 
to  those  parts  of  the  city  which  suited  their  respective  elevations.  The  following  is  the 
order  of  their  heights,  the  highest  being  the  Anio  Novus,  159  feet  above  level  of  Tiber  : 
Aqua  Claudia,  149  feet;  Aqua  Julia,  129  feet;  Aqua  Tepula,  Aqua  Martia,  125  feet; 
Anio  Vetus,  Aqua  Virgo,  34  feet ;  Aqua  Appia,  27  feet ;  and  the  Aqua  Alsietina  on  the 
lowest  level.  The  Tiber  at  Rome  being  91  *5  feet  above  the  level  of  the  Mediterranean, 
the  mean  fall  of  these  aqueducts  has  been  asoertuned  to  be  about  0-132  English  inches 
for  each  Roman  pace  (58*219  English  inches),  or  1  in  441.  Vitruvius  directs  a  fall  of 
1  in  200,  but  Scamozzi  says  the  practice  of  the  Romans  was  1  in  500.  The  quantity  of 
water  furnished  by  six  of  the  aqueducts,  as  given  by  Frontinus  from  a  measurement  at 
the  head  of  each  aqueduct,  is  as  follows :  — 

Anio  Vetus  -  -  -  -  4393  quinariie. 

Aqua  Martia  ....  4690 

Aqua  Virgo  ....  2524 

Aqua  Julia  .  .  .  .1 368 

Aqua  Claudia  ....  4607 

Anio  Kovus  ....  4738 

The  whole  supply  is  given  as  14,018  quinariie,  after  much  fraudulent  diversion  of  the 
water  by  individuals ;  but  the  diminished  quantity  is  supposed  to  have  been  27,743,100 
English  cubic  feet,  or,  estimating  the  population  of  Rome  at  one  million  of  inhabitants, 
27  *74  cubic  feet  per  diem  for  each  inhabitant. 

The  aqueducts  required  constant  repairs,  from  the  nature  of  their  construction, 
especially  those  on  arches,  llie  spaces  between  the  piers  varied  much  in  width,  and 
necessarily  in  height.     Some  of  the  arcades  are  as  much  as  27  feet  in  diameter. 

There  are  remains  of  Roman  aqueducts  in  other  parts  of  Europe,  even  more  mag- 
nificent than  those  we  have  mentioned.  One,  or  the  ruins  of  one,  still  exists  at  Metz, 
and  another  at  Segovia  in  Spain,  with  two  rows  of  arcades,  one  above  the  other.  This  last 
is  about  100  feet  high,  and  passes  over  the  greater  part  of  the  houses  of  the  city.  The 
most  remarkable  aqueduct  of  modern  times  was  that  constructed  by  the  order  of  Louis 
XIV.  for  conveying  the  waters  of  the  Eure  to  Versailles.     It  is  4400  feet  in  length,  and 
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oontains  342  arcades,  eaeh  of  50  feet  span.     The  introduction  of  east  iron  pipes  has  nc»v 
superseded  the  erection  of  these  expulsive  structures. 

Akabxsquk.  a  building  after  the  Andbian  style.  See  Moresque  and  Saracenic  Architecture, 
pp.  50,  tt  ieq.  The  term  is  more  commonly  used  to  denote  that  sort  of  ornament  in 
Moresque  architecture  consistiug  of  intricate  rectilineu'  and  curvilinear  compartmoita 
and  mosaics  which  adorn  the  walls,  pavements,  and  ceilings  of  Arabian  and  Saracenic 
buildings.  It  is  capricious,  fimtastic,  and  imaginative,  consisting  of  fruits,  flowers,  and 
other  objects,  to  the  exclusion  in  pure  arabesques  of  the  figures  of  animals,  which  the 
religion  forbade.  This  sort  of  ornament,  however,  did  not  originate  with  the  Arabians ; 
it  was  understood  and  practised  hy  the  ancients  at  a  very  early  period.  Foliage  and 
griflSns,  with  ornaments  not  very  dissimilar  to  those  of  the  Arabians,  were  frequently 
employed  on  the  frieses  of  temples,  and  on  many  of  the  ancient  Greek  vases,  on  the  walls 
of  the  baths  of  Titus  at  Pompeii,  and  at  many  other  places.  To  Rafikele,  in  more 
modem  times,  we  are  indebted  for  the  most  elaborate  and  beautifril  examples  of  the 
style,  which  he  even  dignified,  and  left  nothing  to  be  desired  in  it.  Since  the  time  of 
that  master  it  has  been  practised  with  varying  and  inferior  degrees  of  merit,  especially 
by  the  French  in  the  time  of  Louis  XVI.  Arabesques  lose  their  character  when 
applied  to  lane  objects,  nttther  should  they  be  employed  where  gravity  in  the  style  is 
to  be  preservedL 

Arabo-Txoxsco.  (It.  Arabo ;  and  Tedesco,  German.)  A  style  consisting  of  a  mixture  of 
Moorish  or  Low  Grecian  with  German  Gothic  It  u  a  term  used  chiefly  by  the 
Italians.  An  example  of  this  style  may  be  quoted  in  the  baptistery  at  Pisa  (^jlg,  152. ), 
erected  br  Dioti  Salvi  in  1 152.  It  is  a  circular  edifice,  with  an  arcade  in  the  second  ordo* 
composea  of  columns  with  Corinthian  capitals  and  plain  round  arches.  Between  each 
arch  rises  a  Gothic  pinnacle,  and  above  it  is  finished  by  sharp  pediments  enriched  with 
foliage,  terminating  in  a  trefoiL  See  Byzantine  and  Romanesque  Architecture,  p.  107, 
et9eq. 

AsiBosTYLX.  (Gr.  aptuos,  wide,  and  <rruXof,  column.)  One  of  the  five  proportions  used 
by  the  ancients  for  r^uladng  the  intercolumniations  or  intervals  between  the  colunms 
in  porticoes  and  colonnades.  Vitruvius  does  not  determine  precisely  its  measure  in 
terms  of  the  diameter  of  the  column.  His  commentators  have  tried  to  supply  the  de- 
ficiency ;  and,  following  the  progression  observable  in  the  intercolumniations  he  does 
describe,  each  of  which  increases  by  a  semidiameter,  the  aroostyle  would  be  three 
diameters  and  a  halt  Perrault,  in  his  translation  of  Vitruvius,  proposes  that  the  intenral 
be  made  equal  to  four  diameters,  which  is  the  interval  now  usually  assigned  to  it.  It  is 
only,  or  rather  ought  only,  to  be  used  with  the  Tuscan  order. 

AajBosTSTTLB.  (Gr.  o^oior,  wide,  irvy,  with,  arvXat,  a  column.)  A  term  used  by  the 
French  architects  to  denote  the  method  of  proportioning  the  intervals  betwe^i  columns 
coupled  or  ranged  in  pairs,  as  invented  by  Perrault,  and  introduced  in  the  principal 
fiifade  of  the  Louvre.  It  was  also  adopted  by  Sir  Christopher  Wren  in  the  west  front 
of  St  Paul*s. 

Arc.  In  geometry,  a  portion  of  a  circle  or  other  curve  line.  Hie  arc  of  a  <»rcle  is  the 
measure  of  the  angle  formed  by  two  straight  lines  drawn  from  its  extremities  to  the 
centre  of  the  circle. 

Aao-BOUTAMT.  (Fr.)  An  areh>formed  buttress,  much  employed  in  sacred  edifices  built  in 
the  pointed  style,  as  also  in  other  edifices,  and  commonly  odled  a  Jl^fing  hmttre»9^  whose 
object  is  to  counteract  the  thrust  of  the  main  vault  of  the  edifice :  it  is  also  called 
arched  butireu  and  arched  butmetU.  It  is  no  invention  of  the  modems,  as  the  use  of  it  is 
fi>und  in  the  baths  of  Diodesian. 

Aac  DonsLKAU.  (Fr.)  An  arch  forming  a  projection  before  the  soflte  of  a  nuun  arch  or 
vault,  in  the  same  manner  as  a  pilaster  breaks  before  the  &oe  of  a  wall. 

AscAnc.  (Fr.)  A  series  of  apertures  or  recesses  with  arched  ceilings  or  sofites.  But  the 
word  is  often  vaguely  and  indefinitely  used.  Some  so  designate  a  nngle>arched  aper- 
ture  or  enclosure,  which  is  more  property  a  mntk  /  others  for  the  space  covered  by  a 
continued  vault  or  arch  supported  on  piers  or  columns ;  and,  besides  these,  other  fidse 
meanings  are  given  to  it  instead  of  that  which  we  have  assigned.  Behind  the  arcade  is 
generally  a  walk  or  ambulatory,  as  in  Covent  Garden,  where  the  tain  piasza  is  ignorantly 
applied  to  the  walks  under  the  arcade  instead  of  to  the  whole  pUtee  (^piazza')  or  square. 

Hie  piers  of  arcades  may  be  decorated  with  colunms,  pilasters,  mches,  and  apertures 
of  different  forms.  The  arches  themselves  are  sometimes  turned  with  rook-worked,  and 
at  other  times  with  plain  rustic  arch  stones  or  voussoirs,  or  with  a  moulded  archivolt, 
springing  from  an  impost  or  platband;  and  sometimes,  though  a  practice  not  to  be 
recommended,  firom  columns.  The  keystones  are  generally  curved  in  the  form  of  a 
console,  or  sculptured  with  some  device.  Scamossi  made  the  use  of  his  piers  less,  and 
varied  his  imposts  or  archivolts  in  proportion  to  the  delicacy  of  the  orders  he  employed; 
but  Vignola  made  his  piers  always  of  the  same  proportion.  See  Book  III.  Ouip.  I. 
Sect  10.,  and  Book  III.  Chap.  I.  Sect  12. 
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AmcM.  In  aneient  Romftn  srehttecture,  the  gutters  of  the  caTedium ;  area  signUyiiig  a 
beam  of  wood  with  a  groove  or  channel  La  it. 

AacKLLA.  (Lat)     In  medJAval  architecture,  a  cheese  room. 

Arch.  A  mechanical  arrangement  of  blocks  of  any  hard  material  disposed  in  the  line  of 
some  curve,  and  supporting  one  another  by  their  mutual  pressure.  The  arch  itself  is 
formed  of  vownoirg  or  arch  stones  cut  in  the  shape  of  a  truncated  wedge,  the  uppermost 
whereof  is  called  the  kaf$tomt.  The  seams  or  planes,  in  which  two  adjacent  voussoirs 
are  united,  are  called  the  jointt.  The  solid  extremities  on  or  against  which  the  arch 
rests  are  called  the  abutmenU,  The  lower  or  under  line  of  each  arch  stone  is  called  the 
imiradoBt  and  the  superior  or  upper  line  the  exinxdM,  The  distance  between  the  piers 
or  abutments  is  the  tptm  of  the  arch,  and  that  from  the  level  line  of  the  springing  to  the 
intrados  its  height.  The  subject  of  arches  forms  Sect.  9.  Book  II.  Chap.  I.  of  this 
work,  to  which  the  reader  is  referred  for  the  theory  and  construction  of  the  arch. 

llie  forms  of  arches  employed  in  the  diflerent  styles  of  English  architecture  will  be 
found  described  under  the  several  heads.     See  p.  1 72,  et  9eq. 

AacHZAS.     See  AacuiTKcrs,  list  o^  17. 

AacHiTxcT.  (Gr.  tipx^f  *nd  TCitr«r,  chief  of  the  works.)  A  person  competent  to  design 
and  superintend  the  execution  of  any  building.  The  knowledge  he  ought  to  possess 
forms  ihe  subject  of  this  work ;  whatever  more  he  may  acquire  will  be  for  the  advantage 
of  his  employers ;  and  when  we  say  that  the  whole  of  the  elements  which  this  work 

'  contains  should  be  well  known  and  understood  by  him,  we  mean  it  as  a  mintmacm  of  his 
qualifications.  To  this  we  may  add,  that  with  the  possessions  indicated,  devotedness, 
fiuthfulness,  and  integrity  towards  his  employer,  wi^  kindness  and  urbanity  to  those 
whose  lot  it  is  to  execute  his  projects,  not  however  without  resolution  to  check  the 
dishonesty  of  a  builder,  should  hci  meet  with  such»  jrilX  insure  a  brilliant  and  happy 
career  in  his  profession.     We  here  insert  a 

Brief  Synoptical  list  of  the  principal  Architects  known  in  History,  and  their  chief  Works, 

from  Miliaia  and  other  Authorities. 
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No.  In 
Glcu. 


1 
2 
3 

4 
5 
6 
7 

8 

9 

10 
11 
12 

13 

14 
15 
16 


Name  of  Architect 


Theodorus  of  Samoa. 

Hermogenes  of  Ala- 

banda. 
Agamedes  and  Tro- 

phonius  of  DelphL 
Demetrius  of  Ephe- 

sus. 
Eupalinus  of    Me> 

gara. 
Mandrocles  of  Sa** 


mos. 


Chirosophus 
Crete. 


of 


Pytheus  of  Priene. 


Spentharus  of  Co- 
rinth. 
Agaptos  of  Elis. 
Libon  of  Elis. 
Ictinus  of  Athens. 


Callicrates  of 

Athens. 
Mnesicles  of  Athens. 
Antistates  of  Athens. 
Soopaa  of  Greece. 


Cen- 
tury. 


7th. 


6th. 


5th. 


Principal  Works. 


Labyrinth  at  Lemnos ;  some  buildings  at  Sparta 
and  the  temple  of  Jupiter  at  Samos. 

Temple  of  Bacchus  at  Teos  and  that  of  Diana 
at  Magnesia. 

Temple  of  Apollo  at  Delphi ;  a  temple  dedicated 
to  Neptune  near  Mantinaea. 

Continuation  of  the  temple  of  Diana,  which  had 
been  begun  by  Chersiphron. 

Aqueduct,  with  many  oUier  edifices,  at  Samoa. 

Wooden  bridge  over  the  Thracian   Bosphorus, 

erected  by  the  command  of  Darius. 
Temple  of  Ceres  and  Proserpine,  another  of  the 

Paphian  Venus,  and   one  of  Apollo;    all  at 

Tegea. 
Mausoleum  of  Artemisia  in  Caria;  design  for 

the  temple  of  Pallas  at  Priene.    In  the  former 

he  was  asnsted  by  Statirus. 
Rebuilt  the  temple  of  Apollo  at  Delphi,  which 

had  been  destroyed  by  fire. 
Portico  at  Elis. 

Temple  of  Jupiter  Olympius  at  Olympia. 
Parthenon   at    Athens;    temple    of    Ceres   and 

Proserpine  at  Elusis ;  temple  of  Apollo  Epi- 

eurius  in  Arcadia. 
Assisted  Ictinus  in  the  erection  of  the  Parthenon. 

Propylea  of  the  Parthenon. 
A  temple  of  Jupiter  at  Athens. 
One  side  of  the  tomb  of  Mausolus ;  a  column  of 
the  temple  at  Ephesus. 
3  M 


8^ 
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No.  In 
GlOM. 


17 
18 
19 
SO 
81 

8S 


93 

S4 

85 
26 

87 

28 

29 

SO 

81 

32 
S3 

34 


35 


36 
37 
38 

39 


KancofAicUlMt. 


Archiu  of  Corinth. 
Calliu  of  Armdtts. 
Ayelius  of  Armdiu. 
Mnesthes. 
Clcomenes  of 

Athens. 
Dinocrates  of  Maoe- 

donia. 


Andronieut  of 

Athens. 

Gmimachus  of  Co- 
rinth. 

Sostratus  of  Gnidus. 

Philo  of  Athens. 


Ettpolemus  of  Ar- 

Phsax  of  Agrigen- 

tum. 
Cosnitius  of  Rome. 

Heitnodonia  of  Sa- 

lamis. 
Caius     Mutius     of 

Rome. 
Valerius  of  Ostia. 
Batrachus    of    La- 

conio. 
Saurus  of  Laconia. 


Dexiphanes  of  Cy- 
pnis. 

Cyrus  of  Rome. 
Postumius  of  Rome. 
Corceius  Auctus  of 

Rome. 
Fussitius  of  Rome. 


Cen- 
tary. 


5th. 


4th. 


Sd. 
2d. 


1st. 


rrindpsl  Wotfcs. 


Many  temples  and  other  edifices,  at  Syraeuse. 

Temples,  &c,  at  Rhodes. 

Temple  of  the  Ionian  iEseuIapiua. 

Temple  of  Apollo  at  Magneria. 

Flan  of  the  city  of  Alexandria  in  EgypC 

Rebuilt  the  temple  of  Diana  at  Ephesus;  ei^aged 
on  works  at  Alexandria ;  was  the  author  of  the 
propositioa  to  transform  Mount  Athos  into  a 
eoloasal  figure. 

Tower  of  the  Winds  at  Athens. 

Reputed  iuTentor  of  the  Corinthian  order. 

The  Pharos  of  Alexandria. 

Enlarged  the  arsenal  and  the  Fir»us  at  Athens ; 

erected  the  great  theatre,  rebuilt  by  order  of 

Adrian. 
Serersl  temples  and  a  theatre  at  Argoa. 

Various  buildings  at  Agrigentum. 


for  the  temple  of  Jupiter  Olympios  at 
Athens. 

Temple  of  Jupiter  Stator  in  the  Forum  at  Rome ; 
temple  of  Mars  in  the  Circus  FlaminiusL 

Temple  of  Honour  and  Virtue  near  the  trophies 
of  MariuB  at  Rome. 

Several  amphitheatres  with  roofe. 

These  two  architects  built  several  temples  at 
Rome.  The-  name  of  the  first  (fiarpaxK), 
signifies  a  frog ;  and  that  of  the  latter  (vaupos) 
a  Uxard ;  and  thev  perpetuated  their  names  on 
some  of  the  works  by  the  allegorical  repre- 
sentation of  these  two  animals  sculptured  upon 
them.  The  churches  of  St.  Eusd>ius  and  of 
St  Lorenso  fuori  le  Muri,  at  Rome,  still  oon- 
tain  some  columns  whose  pedestals  are  sculp- 
tured with  a  lizard  and  a  firoc. 

Rebuilt  the  Pharos  at  Alexandria,  at  the  com- 
mand  of  Cleopatra,  the  other  having  follen 
down. 

Architect  to  Cicero. 

Many  works  at  Rome  and  Naples. 

Grotto  of  Pusxuoli ;  grotto  of  Cumae^  near  the 
lake  now  called  Lago  d*Avemo. 

Several  buildings  at  Rome ;  the  first  Roman  who 
wrote  on  architecture. 


AFTER  CHRIST. 


No.  in 
Olocs. 


40 

41 

42 
43 


Maiae  of  Ardaltect. 


Vitruvius  PoUio  of 

Fano. 
Vitruvius  Cerdo  of 
Verona. 
Celer  and 
Severus  of  Rome. 


Cen- 
tury. 


1st 


Frindpal  WoriuL 


Barilica  Justitise  at  Fano.     A  great  writer  on 

architecture. 
Triumphal  arch  at  Verona. 

Golden  house  of  Nero* 


List  or  Amcnnmcn. 
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No.  in 

OlOM. 


44 
45 
46 
47 

48 

49 

50 

51 
52 

53 

54 
55 

66 


57 

58 

59 

60 
€1 
69 
63 

64 

65 
66 


▲FTBR  CHRIST. 


67 
68 

69 

70 


Name  of  ArdiHect 


Rabirius  of  Rome. 
Mustius  of  Rome. 
FrontiniM  of  Rome. 
Apollodorus  of  Da- 

mMciw. 
Lacer  of  Rome. 

Detrianus  of  Rome. 

Aotoninus,  the  Se- 
nator, of  Rome. 
Nicon  of  Pergamua. 
Metrodorua  dT  Per- 


Alypius  of  Antioch. 

Cyriadea  of  Rome. 
Semuonarof  Arabia. 

Aloisiua  of  Padua. 


St.  Germain,  biahop 
of  Paris,  of 
France. 

St.  Avitua,  bishop 
of  Clermont,  of 
France. 

St.  AgriooU,  biahop 
of  Chalona,  of 
France. 

iBtherius  of  Con- 
stantinople. 

Antbemius  of  Tnd- 
les,  of  Lydia. 

Isidorus  of  Miletus 

Chryses  of  Dara,  of 
Penda. 


Isidorus  of  ByssA. 
tium. 

Johannea  of  Miletus. 

Sazulphtts,  abbot  of 
Peterborough,  af> 
terwards  made 
bishop  of  Lich- 
field, of  England. 

Bisoopius,  Benedict, 
of  England. 

Egbert,  archbishop 
of  York,  of  Eng- 
land. 

Albert,  archbishop 
of  York,  of  Eng- 
hmd. 

Eaubald,  archbishop 
of  York,  of  Eng- 
land. 


Cen- 
toiy. 


1st. 
2d. 


4th. 


5th. 


6th. 


7th. 


8th. 


Principal  Works. 


Palace  of  Domitian  on  Mount  Palatine. 

Temple  of  Ceres  at  Rome. 

He  has  left  a  work  on  aqueducts. 

Forum  Trajani  at  Rome ;  a  bridge  over  the  Da- 
nube in  Lower  Hungary. 

A  bridge  over  the  Ta^s  in  Spain :  a  temple  now 
dedicated  to  San  Giuliano. 

Moles  Hadriani  and  the  Pons  Aelius ;  now  called 
the  Castdlo  and  Ponte  Sanf  Angelo. 

Pantheon  at  Epidaurus ;  baths  of  .£sculapius. 

Several  fine  works  at  Pergamus. 

Many  buildings  in  India,  and  some  at  Constanti- 
nople.    The  first  known  Christian  architect 

Employed  by  Julian  to  lay  the  foundation  of  a 
new  temple  at  Jerusalem. 

A  church  and  bridge. 

Sedir  and  Khaovamack,  two  celebrated  palaces 
in  Arabia. 

Assisted  in  the  erection  of  the  celebrated  rotunda 
at  Ravenna,  the  cupola  of  which  is  said  to 
have  been  of  one  stone,  38  feet  in  diameter, 
and  15  feet  thick. 

Plan  of  the  church  of  St  Germain  at  Paris, 
previously  dedicated  to  St  Vincent;  convent 
at  St  Mans. 

Church  of  Madonna  du  Port 


Cathedral  of  Chalons,  with  many  other  churdies 
in  his  diocese. 

Ptet  of  the  imperial  palace^  called  Chalcii,  at 

Constantinople. 
St.  Sophia  at  Constantinople. 

Assisted  Antbemius  in  the  erection  of  the  church 
of  St  Sophia. 

Constructed  the  celebrated  dykes  along  the 
Euripus,  near  Dara,  to  keep  the  river  in  its 
channel,  and  to  keep  out  the  sea.  He  was  par- 
ticularly excellent  in  hydraulic  architecture. 

The  city  ot  Zenobia  in  Syria  was  the  work  of 
these  two  architects. 

Built  the  monastery  of  Medeshampetede,  after- 
wards called  Peterborough. 


Conventual  church  of  Wearmouth. 
Rebuilt  York  Cathedral. 


Completed  the  building  of  York  Cathedral  under 
Egbert 

Superintended  the  erection  of  York  Cathedral, 
under  his  predecessor,  Archbishop  Albert. 
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71 

Romualdus           of 
Franoe. 

9th. 

The  cathedral  of  Rheima,  the  earliest  example  of 
Gothic  architecture. 

78 

Tlethmd  of  Switaer- 
land. 

10th. 

C^onvent  of  Eiosidlen  in  Switaerland. 

73 

Tioda  of  Spain. 

"^ 

Tlie  palace  of  King  Alphonso  the  Chaste^  at 
Ofiedo,  now  the  episcopal  palace  ;  churches  of 
St.  Salvador,  St  Michael,  and  St.  Mary. 

74 

Ednoth,  a  monk  of 
Worceater,         of 
England. 

^^ 

Superintended  the  erection  of  the  chiireh  and 
conventual  offices  of  Ramsey  Abbey. 

75 

Dunatan,  archbishop 
of  Canterbury,  of 
England. 

Built  for  himself  a  cell  at  Glastonbury  Abbey, 

76 

^Ifrio,  bishop  of  Cr«- 
diton,  of  England. 

•■■- 

Built  part  of  Malmsbury  Abbey  Church,  in  the 
reign  of  Edgar. 

77 

Elphage,  bishop  of 
Winchester,       of 
England. 

Crypts  of  Winchester  Cathedral 

78 

Buschetto  of  Dull- 

^_ 

Hie  cathedral  or  doomo  of  Pisa,  the  earliest  ex- 

ohiuuL 

ample  of  the  Xombard  ecclesiastical  style  of 
architecture.     It  was  built  in  1016. 

79 

Aldhun,   bishop   of 
Durham,  of  Eng- 
land. 

— ^" 

First  cathedral  church  at  Durham. 

80 

Fietro  di  Uttember 
of  Spain. 

— 

Cathedral  of  Chartres. 

81 

Laniranc,  archbishop 
of  Canterbury,  of 
England. 

Choir  of  Canterbury  Cathedral,  burnt  in  1174. 

89 

Remigius,  bishop  of 
Lincoln,  of  Eng- 
Und. 

nth. 

Ftot  of  Linoohi  Cathedral 

83 

Carilepho,  bishop  of 
Durham,  of  Eng- 
land. 

Began  the  cathedral  church  of  Durham,  on  a 
plan   which  he  had  brought  with  him  frnn 
France,  when  he  was  abbot  of  St.  Vincent^k 
in  Normandy. 

84 

Walkelyn,  bishop  of 
Winchester,       of 
England. 

*~~ 

Said  to  have  erected  the  oldest  part  of  Windies- 
ter  Cathedral 

85 

Harlewin,  abbot  of 
Glastonbury,     of 
England. 

Rebuilt  the  abbey  church  of  Glastonbury. 

86 

Mauritius,  bishop  of 
London,  of  Eng- 
land. 

18th. 

Built  old  St  FlauVs,  in  1033. 

87 

Gundulf,  bishop  of 
Rochester,         of 
England. 

" 

Rochester  Castle ;  White  Tower  of  the  Tower  of 
London ;  rebuilt  Rochester  Cathedral. 

88 

Odo,  prior  of  Croy- 
land,  of  England. 

Monastic   church  of  Croyland.     Arnold,  a  lay 
brother  of  the  abbey,  was  employed  under  Odo 
as  mason. 

89 

Emulf,    bishop    of 
Rochester,         of 
England. 

" 

Completed  GundulTs  works  at  Rochester. 

* 

90 

Alexander,  bishop  of 
Lincoln,  of  Eng- 
land. 

Rebuilt  Lincohi  Cathedral 

91 

Ranulf,     or      Ralf 
Flambard,  bishop 
of    Durham,     of 
England. 

Part  of  Durham  Cathedral ;  Norham  Castle. 
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98 

9S 
94 

95 


96 


97 


98 


99 


100 


101 


109 


lOS 


104 


105 


106 
107 


106 
109 


A7TER  CHRIST. 


NuM  of  Architect. 


Henry  of  Blois, 
bishop  of  Win- 
chester, of  Eng- 
land. 

Raimond  of  Mont- 
fort,  of  France. 

Dioti  Salvi  of  Italy. 


Buono  of  Venice. 


Sugger  of  StDenis, 
of  France. 

Roger,  archbishop 
of  York,  of  Eng- 
Und. 

Pietro  di  Coaao  da 
Limena  of  Italy. 


Wilhehn,  or   Gug- 

lielmo,   of     Ger- 
many. 
WUliam  of  Sens,  of 

England. 
Sissereme,  monk  of 

St.     Alban's,     of 

England. 
Goldcli^  Hugo  de, 

of  England. 
Everaolt,  Gilbert  de, 

of  England. 
Baldwin,  archbishop 

(tf  Canterbury,  <^ 

England. 
Isembert  of  Xaintes, 

of  France. 


Peter  of  Colechurch, 

of  England. 
Bertram,   canon  of 

Salisbury,  of  Eng- 


Fits-Odo,  Edward, 
of  England. 

Ettstachius,  bishop 
of  Ely,  of  Eng- 
land. 


Cea- 
tuiy. 


19th. 


19th. 


Principal  Works. 


A  most  celebrated  architect;  built  the  con- 
ventual churches  of  St  Cross  and  Rumsey  in 
Hampshire. 

Cathedral  of  Lugo. 

Baptistery  of  Pisa,  near  the  Campo  Santo.  His 
works  were  in  the  Lombard  style,  and  were 
overloaded  with  minute  ornaments. 

The  tower  of  St.  Maik  at  Venice,  which  is  SSO 
feet  high,  and  40  feet  square,  built  in  1154 ;  a 
design  for  enlarging  the  church  of  Santa  Maria 
Maggiore  at  Florence,  of  which  the  master 
walk  still  exist ;  the  ^^caria  and  the  Castello 
del'  UoTO  at  Naples ;  church  of  St  Andrew 
at  Pistola;  k  Casa  delk  Cittk;  campanile  at 
Arexio. 

Rebuilt  the  church  and  abbey  of  St  Denis,  near 
Paris.  He  was  distinguished  by  his  perfection 
in  the  Gothic  style. 

None  of  his  works  at  this  cathedral  are  now  re- 
maining. 

The  celebrated  great  hall  at  Fadna,  which  is  256 
feet  long,  86  wide,  and  72  high,  built  in  1 172, 
burnt  in  1420,  and  restored  by  two  Venetian 
architects,  Riaso  and  Piccino;  it  was  dis- 
mantled by  a  whirlwind  in  1756,  and  again 
restored  by  Ferracina. 

The  hanging  tower  at  I^sa,  built  in  1 1 74.  Bon- 
nano  and  Tomaso,  two  sculptors  of  Pisa,  were 
also  engaged  upon  it 

Canterbury  CathedraL 

St  Alban*s  Abbey  Church. 


St  Alban's  Abbey. 
St  Alban*s  Abbey. 


Church  at  Hackinton, 
another  at  Lambeth. 


near    Canterbury ;    and 


Bridges  of  Xaintes  and  Rochelle.  Recom- 
mended by  King  John  to  the  citisens  of  Lon- 
don as  a  proper  person  to  finish  Ix>ndon 
Bridge,  begun  by  Peter  of  Colechurch. 

Began  London  Bridge. 

Overseer  of  the  works  of  Salisbury  Cathedral, 
under  John  and  Henry  III.  Lord  Orford 
supposes  he  was  the  same  person  who  is  caUed 
Elyaa  the  Engineer,  in  a  record  of  the  reign  of 
King  John,  relating  to  the  repair  of  the  king*8 
houses  at  Westminster  in  1209. 

Master  of  the  works  at  Westminster  under 
Henry  IIL 

Gallery  of  Ely  Cathedral. 
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110 

11! 

lis 

113 

114 

115 
116 

117 


118 
119 
180 

121 


123 


123 


of  AvdillMt. 


Robert  of  LmueliM, 
of  Franee. 

Etienne  de  Boime- 
▼eil  of  France. 

Poore»     biihop     of 
Saliabury ,  of  Eng. 


Cen- 
lory. 


Mebonby*      bishop 

of    Salbbury,    of 

EngUuML 
Hoo,  W.  de,  prior 

of  Rochester,   of 

En^end. 
Jeu  d'Echellei   of 

Fruioe. 
Pierre  de  Monteicett 

of  France. 


Eudo  de  Montreuil 
of  France. 


Idth. 


San     GonaalTO     of 

Portugal. 
San  Pietro  of  Por- 

tugaL 
Lapoi  or  Jacopo,  of 

Germany. 

NieoU   da  Piaa,  of 
PiM. 


Fuecio  of  Italy. 


Fenante  Maglione, 
disciple  of  Nioola 
of  Pisa. 


Principal  Woite 


CaHwdral  of  Amiena*  which  was  ^*witimicd  by 
Tlioiiias  de  Cormont,  and  fim«iwj>5^  by  his  aosi 


Church  of  the  Trinity  at  Upsal,  in  Sweden,  built 
after  the  modri  of  that  of  Notre  Dune  at 


Began  Salisbury  Cathednd. 


Bsit  of  the  cathedral  of  Dutfaam. 


Choir  of  Rochester  CathedraL 


The  portioo  of  the  cathedral  of  Notre  Dame  at 


The  holy  chapel  at  Vineennes;  the  refectory, 
dormitory,  chapter-house,  and  du^iel  of  Notre 
Dame,  in  the  convent  of  St.  Germain  des  Prei, 
near  Paris. 

Church  of  the  Hotel  Diea  at  Paris ;  churches  of 
St  Catherine  du  Val  des  Ecoliers,  of  St  Croix 
de  la  Bietonnerie,  of  Blancs  Manteauz,  of  the 
llathurins,  of  the  Cordeliers,  and  of  the  Car- 
thusians,  at  Paris.  His  style  was  unpleasing 
and  heayy. 

Stone  bridge  at  TuL 

Stone  bridge  called  II  Ponte  de  Care^ 

CooTcnt  and  church  of  St  Francisoo  at  Assia ; 
Pabsio  del  Baijello;  and  the  %ade  of  the 
archbishop's  palace  at  Florence. 

Convent  and  chureh  of  the  Dominicans  at  Bo- 
logna ;  church  of  San  Micheli ;  some  pahwes ; 
and  the  octagonal  campanile  of  the  Augustiiw 
at  Pisa;  the  great  chureh  del  Santo  at  Padua ; 
chureh  of  Santa  Maria  at  Orrietto;  church 
de*i  Fratri  Minori  at  Venice;  abbey  and  chureh 
in  the  plains  of  Taliacozso,  in  the  kingdom  of 
Naples,  built  as  a  memorial  of  the  Tictory  ob- 
tained there  by  Charles  L  over  Conmd ;  plans 
of  the  chureh  of  San  Giovanni  at  Sienna ;  of 
the  chureh  and  convent  della  Santtssimn  Tri- 
nita  at  Florence,  and  of  those  of  the  Domi- 
nicans  at  Aresxo^  which  were  built  by  Mag- 
lione, his  scholar ;  the  repairs  and  alterations 
to  the  duomo  at  Voltem;  the  dmxch  and 
convent  of  the  Dominicans  at  Viterbo.  He 
intermixed  the  Gothic  with  the  Lombaid 
style. 

Church  of  Santa  Maria  sul  Amo  at  Florence  ;  the 
gates  against  the  river  Voltumo  at  Capua ;  he 
finished  the  Vicaria  and  Castello  deli*  Uovo  at 
Naples,  which  were  commenced  by  Buono ;  he 
was  distinguished  for  his  skill  in  fortification. 

Cathedral  and  chureh  of  San  Lorenso  at  Naplea; 
the  Palazso  Vecchio  at  Naples,  in  ooigunetion 
with  Giovanni  Benin  Case;  the  church  and 
convent  of  the  Dominicans  at  Arasaa 
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184 


195 


126 
127 
128 
129 


ISO 


131 


1S2 


ISS 


134 


135 


136 


137 


138 


Njune  of  Afdiilect. 


Mamicdo  of  Naples. 


AiDoUb   Fiorentiiio 
of  Florenm. 


Fietro  Pcrei  of 
^pain. 

Robert  de  Courcj 
of  France. 

Erwin  von  Stein- 
bach  of  Germany. 

Giovanni  da  Pisa  of 
Pisa. 


Andrea  da  Pisa  of 


Agoadno  da  Sienna, 
or  da  Pisa,  of 
Italy. 

Angelok  his  brother, 
of  Italy. 


Boyden,  William,  of 
England. 

Bek,  A.  de,  bishop 

of    Durham,    of 

England. 
Henry  Latomus,  or 

the     stonecutter, 

abbot    of    Etcs. 

ham,  of  England. 
Helpstone,    J.,    of 

En^and. 
Eversden,  Hugh  de, 

abbot  of  St  Al^ 

ban*s,  of  England. 
Walter   Weston    of 

England. 
Thomas  of  Gantsr- 

bury,  of  England. 


Ceo* 
tury. 


ISth. 


14th. 


Prindpsl  WoriM. 


Church  of  Santa  Mana  della  Nuoto  at  Naples ; 
churches  of  S.  Dominico  Maggiore  and  & 
Gioranni  Maggiore ;  the  archiepiscopal  palace 
and  Palaszo  Colombrano  at  Naples. 

Hie  church  of  Santa  Crooe  at  Florence ;  the  walls 
of  the  city,  with  the  towers ;  Palaszo  della  Sig- 
noria,  now  called  11  Palasso  Vecchio;  model 
and  plan  of  the  cathedral  of  S.  Maria  del  Fiore, 
to  which  the  cupola  was  added  by  Brunelleschi ; 
the  abbey  and  I^axza  San  Mioheli ;  Piaxsa  dei 
Priori.     His  works  were  greatly  admired. 

The  cathedral  of  Toledo, 

Rebuilt  the  cathedral  at  Rhdmsi 

Cdebrated  minster  at  Strasburg  was  superin- 
tended by  him  for  twenty-eight  years. 

Campo  Santo,  or  public  cemetery,  at  Pisa ;  the 
tribune  of  the  Duomo  in  the  same  city ;  Castel 
NuoTO  and  the  church  of  Santa  Maria  della 
NuoTO  at  Naples;  (afade  of  the  cathedral  at 
Sienna :  many  churches  and  palaces  at  Aresso 
and  other  towns  in  Italy.  He  was  the  first 
architect  in  the  modem  style  of  fortification, 
and  his  churches  and  other  buildings  possess 
great  merit.  He  was  the  son  and  scholar  of 
Nicola  da  Pisa. 

Plan  of  the  fortress  della  Scarperia  at  Mugello, 
at  the  foot  of  the  Apennines ;  plan  and  model 
of  the  church  of  San  Giovanni  at  Pistoja ;  the 
ducal  Palaszo  Gualtieri  at  Florence.  He  waa 
distinguished  as  a  military  architect. 

The  north  and  west  facades  of  the  cathedral  of 
Sienna,  as  also  the  two  gates ;  the  church  and 
convent  of  St.  Francis ;  Palasso  de*  Nove  Ma- 
gistrati ;  grand  fountain  in  the  piazza  opposite 
the  Palaszo  della  Signoria ;  hall  of  the  council 
chamber,  and  Palazzo  Publico ;  the  church  della 
Santa  Maria  in  Piazza  Manetti  wet  built  by 
him  in  conjunction  with  Angelo  da  Pisa,  who 
was  his  brother. 

Chief  architect  to  the  chapel  of  the  Virgin  at 
St.  Alban's  Abbey  Church,  erected  during  the 
abbacy  of  Hugo  de  Eversden. 

Built  and  enlarged   Barnard  Castle,  and  other 


Chapter-house,  dormitory,  refectory,  abbot^s  hall, 
and  kitehen  of  the  monastery  at  Eveshan^ 


New-tower  of  water-tower,   in   the   walk    of 

Chester. 
Lady  chapel  in  St  Alban*8  Abbey  Church. 


St.  Stephen*8  Chapel,  Westminster. 
St  Stephen's  Chapel,  Westminster. 
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140 
141 

14S 
143 
144 
145 

146 


147 
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Name  of  Arehltoel. 


Giaoomo  Lanfrani 
of  lUly. 

Juan  Rari  •f 
France. 

WiUiam  of  Wyke- 
ham,  biabop  of 
Wincheater,  of 
England. 

Wabingbam,  prior 
of  Ely,  of  Eng- 
land. 

Rede,  bisbop  oi  Chi- 
cheater,  of  Eng- 
land. 

Andrea  di  Cione 
Orgagna,  of  Flo- 
rence. 

Oainaborough,  or 
Gayniaburg,  of 
England. 

Chichele,  arebbiahop 
of  Canterbury,  of 
England. 


Filippo 
leachi 
rence. 


Brunei* 
of     Flo- 


Micheloxio    Miche» 
loui  of  Florence. 


Cen> 
tuiy. 


14th. 


15th. 


Friodpal  Works. 


Church  of  St  Franeb  at  Imola ;  church  of  SL 
Antonio  at  Venice. 

Finiabed  the  building  of  the  church  of  Notre 
Dame  at  Paria. 

New  College,  Oxford ;  part  of  Winchester  Cathe- 
dral ;  plan  of  Windsor  Castle. 


Lantern  tower  and  tower  of  Ely  CathedraL 


An  eminent  mathematician ;  built  first  library  at 
Merton  College^  Oxford;  Ambeiiy  Castle,  Sua- 


Additions  to  the  ducal  palaoe  at  Florence;  his 
brother  built  the  tower  and  gate  of  San  Ketro 
GattolinL 

An  architect  emploved  at  Lincoln  CathedraL  On 
hia  monument,  still  existing  in  the  cathedral,  he 
is  said  to  have  died  in  June,  M.  C  CC — » the 
last  portion  of  the  date  being  obliterated. 

Founded  All  Souls  College ;  built  a  monument 
for  himself  in  Canterbury  Cathedral ;  made  aid- 
ditions  to  Canterbury  Cathedral,  Lambeth  Fia- 
lace,  Croydon  Church,  and  Rochester  Bridge. 

Cupola  of  the  cathedral  of  Santa  Maria  del  Fiore 
at  Florence.  A  council  of  artists  was  held  at 
Florence  in  1490^  to  consider  and  adriae  on 
this  scheme,  at  which  even  English  artists  are 
said  to  have  asusted ;  after  a  diversity  of  opi- 
nions, Brunelleschi'a  project  was  approved  of 
and  adopted.  Hia  other  principal  works  were, 
the  Palasso  Pitti,  which  was  begun  and  half 
finished  by  him,  the  remainder  being  the  work 
of  Luca  Fancelli ;  a  great  part  of  the  church 
of  San  Spirito ;  the  church  degl*  Angeli,  de. 
signed  and  begun,  but  not  completed,  from 
want  of  money ;  the  monastery  de*  Camaldoai ; 
the  fortress  of  Milan,  and  several  works  about 
that  rity ;  a  model  for  the  fortreaa  of  Pesaro ; 
the  old  and  new  citadel  at  Pisa;  aome  other 
works  there,  aa  well  as  at  TVento,  and  in  other 
parta  of  Italy.  He  drained  the  country  round 
Mantua,  and  set  the  first  example  of  a  purer 
style  in  the  architecture  of  Italy. 

Palano  di  Medici,  now  dei  Marcberi  Ricardi; 
Palasxo  Caffigiulo;  convent  of  the  Domi- 
nicans; Novisiato  della  Santa  Croce ;  chapel  in 
the  church  dei  Servi ;  Palasio  ddla  Villa  Ca- 
reggi ;  Palasso  Tomabuoni,  now  dei  Marchcsi 
Cond;  and  several  other  palaces,  churchea* 
and  convents  at  Florence ;  monastery  of  the 
Black  Benedictines  at  Venice,  and  the  FUazao 
della  Villa  Careggi  at  Mujello ;  some  buUd- 
inga  at  Trento ;  a  beautiful  fountain  at  Aasisi , 
la  Citadella  Veccbia  at  Pertqpa;  the  altera, 
tions  to  the  palace  presented  by  Framnaeo 
Sforxa  to  Cosmo  di  Medici,  whom  he  followed 
in  bis  exile,  and  other  great  works  in  varioua. 
parts  of  Italy. 
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149 


150 


151 


152 


153 


154 


155 


156 
157 
158 

159 

160 
161 
162 


Name  of  Arehltecfe. 


Giuliano  of  Majano» 
near  Florence. 


Frowoester,  Walter, 
abbot  of  Glou- 
Gestor,  of  £ng« 
land. 

Keyes,  "RjogeiTf  of 
England. 

Horwood,  W.,  a 
freema8on,of£ng- 
land. 

Close,  or  Clooa, 
bishop  of  Lich- 
field, of  England. 

Christobolo  of  Italy. 


Baccio  Fintelli    of 
Florence. 


Bartolomeo  Bra- 
mantino  of  Italy. 

Giovanni  del  Poczo 
of  Spain. 

Andrea  Ciccione  of 
Naples. 

Ridolfo  Fioravanti 
of  Bologna. 

Orcheyarde,  W.,  of 
England. 

Francesco  di  Gior- 
gio of  Sienna. 

licon  Battista  Al- 
berti  of  Florence. 


AFTER  CHRIST. 


Cen- 
tury. 


5th. 


Principal  Works. 


Palazso  del  Poggio  Realeat  Naples;  a  Corinthian 
triumphal  gate  at  the  Castel  Nuovo;  many 
fountains  in  the  same  city  ;  the  Cortile  S.  Da- 
maso,  in  the  Vatican  at  Rome,  whither  he  was 
invited  by  Paul  II. ;  palace  and  chunsh  of  San 
Marco  at  Rome ;  he  also  enlarged  the  church 
at  Loreto. 

Built  the  great  cloisters  of  his  monastery  in 
140a 


Architect  of  All  Souls*  CoU^e,  Oxford. 
Coll^iate  chapel  of  Fotheringhay. 


Supposed  to  have  designed  King*s  College  chapel, 
Cambridge ;  though,  according  to  Heame,  his 
fiither  was  the  architect. 

A  mosque  at  Constantinople,  with  eight  schook 
and  eight  hospitals,  on  the  site  of  the  church 
of  the  Apostles,  by  order  of  Mahomet  II. 

Church  and  convent  of  Santa  Maria  del  Popolo 
at  Rome ;  the  celebrated  Capella  Sistina  in 
the  Vatican;  the  hospital  of  S.  Spirito  in 
Sassia;  Ponte  Sisto;  designs  for  the  church 
of  San  Retro  in  Montorio;  the  church  of 
S.  Sisto;  the  church  of  St  Agostino  and 
the  church  of  San  Pietro  in  Vincola  at 
Rome;  rebuilt  the  church  and  convent  of 
St  Francis  at  Asrisi ;  and  built  the  palace  for 
the  Cardinal  del  Rovere  at  Borgo  Vecchio; 
some  attribute  to  him  the  palace  built  for  the 
Duke  Federigo  Feltre  at  Urbino.  He  is  said 
to  have  been  the  first  to  set  the  example  of 
grandeur  in  the  architecture  of  chapels. 

Church  of  San  Satiro  at  Milan,  and  other  works 
in  various  parts  of  Italy. 

Domimcan  convent,  and  a  great  bridge  over  the 
Huexar,  near  Cuenfa. 

Convent  and  church  of  Monte  OHveto ;  palace 
of  Bartolomeo  da  Capua ;  and  several  other 
convents  and  palaces  in  the  city  of  Naples. 

Restored  the  hanging  tower  of  the  church  of 
S.  Biagio,  at  Cento,  to  its  perpendicular  posi- 
tion, and  built  many  churches  at  Moscow. 

Architect  of  Magdalen  College,  Oxford,  under 
Bishop  Wayneflete. 

The  du<»l  palace  at  Urbino. 

Church   of  St  Francis  at   Rimini;    church  ofl 
St.  Andrew  at  Mantua ;  the  principal  facade 
of  Santa  Maria  Novella,  at  Florence,  has  been 
attributed  by  some  to  Alberti ;  but  from  the 
circumstance    of    ite   being    Gothic,    it  may 
with   much    more  probability  be  assigned  to 
Bettini ;   the  gate  and  Corinthian  loggie  ure, 
however*  from  the  designs  of  Alberti,  as  also 
the  Doric  Ia9ade  of  the  Palaazo  Rucellai,  and 
the   choir    and    tribune  of   the   church   deila 
Nunziata,  aU  at  Florence.      He  also  repaired 
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163 


164 


165 


166 
166» 

167 


168 
169 

170 

171 
17S 
173 


MaiMof.Ai«h]tMt. 


F«rl«igli,  or  Feriey, 
W.,  abbot  of 
Gkmcesfeer,  of 
England. 

Beaoehamp,  bishop 
of  Saniniy  of 
England. 

Wayneflete,  bishop 
of  Winchaaler,  of 
Engkad. 


Kendala^   Johot    of 

England. 
Druell,     J.,     areh- 
deacon  of  Exeter, 
of  England. 
Bramante    Lassari, 
or  Bramante  d'Ur* 
bino^     of     Castel 
Diumnte,  near  Urw 
bino. 


Ventura  Vitoni  of 
Pistoja. 

Alcock,  J.,  bishop 
of  Ely,  of  Eng- 
land. 

Moston,  J.,  of  Cam- 
bridge, of  Eng- 
land. 

Gabriello  d'Agnolo 
of  Naples. 

Gian  Francesco  Nor- 
mando  of  Flo- 
rence. 

Pietro  Lombardo  of 
Venice. 


C«n- 
tiuy. 


15tb. 


16th. 


Prlndpsl  Works. 


the  Aqua  Vergine  and  the  fountain  of  Treri, 
at  Rome,  under  Nicholas  V.  i  the  palace  for 
the  Duke  Federigo  Feltre  at  Urbino;  and 
many  other  buildings  in  Italy. 
Built  the  lady  chapel  of  Gloucester,  abcrat 
149a 


Appointed  snrreyor  of  the  works  at  Windsor 
Castle  by  Edward  IV.  ;  supposed  to  hftTe 
made  designs  for  rebuilding  St  George's  Chapel ; 
built  a  chantry  chapel  in  Salisbury  CalhedraL 

Founder  of  Magdalen  CoU^e,  Ozfiord ;  overseer 
of  the  building  at  Windsor.  Leland  was  in- 
formed that  the  greatest  part  of  the  buildings 
of  Eton  College  were  raised  under  his  direc- 
tion, and  at  his  expense. 

Sopenrisor  of  all  the  king's  works. 

One  of  the  architeets  employed  on  All  Sonls* 
O^ege,  Oxford. 

First  designed  and  commeneed  the  bailding  of 
St.  Peter*s  at  Rome;  a  small  model  was 
executed  after  the  same  design  for  an  in- 
sulated church  without  the  walls  of  Todi; 
many  works  in  the  Vatican,  particularly  the 
library  and  the  Belvedere  court,  with  a  mag- 
nificent design  for  alterations  to  be  made  in  it, 
under  Jutius  II. ;  the  rotondo  in  the  conTent 
of  San  Pietro  Montorio ;  the  palaces  of  8L  Gia- 
como  Soosciacavalli  ora  de'  Conti  Giraud, 
del  Duca  de  Sora,  ddlaCaneellaria,  dell  Nuoro 
dell*  Imperiale ;  the  churches  of  SSw  Euloy 
de*  Orfoni,  Lorenxo  and  Damaso;  the  clob- 
ters  of  the  monastery  della  Pace,&c.  at  Home; 
the  Strada  Julia  in  that  city ;  the  ducal  palace 
at  Urbino;  Palasso  Publico  at  Brescia;  de- 
sign for  the  church  dell*  Umiltik  at  Pistoja. 

Church  dell*  Umilti  at  Pistoja,  after  the  design 
of  Bramante,  whose  pupil  he  was. 

Sepulchral  chapel  in  Ely  Cathedral;  episcopal 
palace  at  Downham ;  supposed  to  have  designed 
St.  Mary*8,  or  the  University  Church, Cambridge. 

Part  of  palace  of  Lambeth  ;  another  at  Canter- 
bury ;  **  made  a  great  building  at  Charing  in 
Kent;*'  almost  the  whole  £>uae  of  Frnde. 
He  built  at  Alington  Park. 

Church  of  &  Giuseppe ;  church  of  Santa  Miaria 
Eglxiaca;  palace  of  Ferdinando  Orsini,  duke 
of  Gravina,  at  Naples. 

Church  of  S.  Severino ;  Palasso  F^omarini ;  Pa- 
lasso  Cantalupo  at  Naples ;  several  buildings 
in  Spain. 

Tomb  of  Dante,  the  poet,  in  the  church  of  St 
Francis  at  Ravenna;  church  of  SS.  Ptolo, 
and  Giovanni,  and  monastery  adjoining  the 
church  of  Santa  Maria  Mater  Domini ;  dock- 
tower  in  the  square  of  St  Mark ;  German 
warehouse  on  the  Rialto ;  school  della  Mise- 
rioordia ;  doister  of  Santa  Giustina  at  Padua. 
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174 
175 
176 

177 
178 


179 


180 
181 
18S 


183 


184 


185 


186 


Name  of  Arehiteet. 


Cello 
turj. 


Martino  Lombardo 
of  Venice. 

John  Cole  of  Eng- 
land. 

Sir  Reginald  Bray 
of  England. 

John     Hylmer     of 

England. 
Giuliano     di     San 

Gallo  of  Florence. 


Siinone  Cronaca,  or 
PoUigolo,  of  Flo- 


Aristotle  Abbertiof 

Bologna. 
Leonardo  da  Vinci, 

near  Florence. 
Fra    Giooondo     of 

Verona. 


Novella  da  San  Lu* 
cano  of  Naples. 


Percy,  John,  abbot 
of  Leicester,  of 
England. 

RafiuiUe  d*Urbino 
of  Urbina 


Bolton,  W.,  prior  of 
St.  Bartholomew^^ 
of  England. 


16th. 


Principal  Workt. 


School  or  confiratemitii  of  San  Marco,  and,  per- 
haps, the  church  of  S.  Zaocaria  at  Venice. 
Builder  of  Louth  Spire,  Lincolnshire. 

Design  of  Henry  VI  Lis  Chape),  Westminster, 
and  of  other  works  at  St  George's  Chapel, 
Windsor. 

St.  George's  Chapel,  Windsor. 

Cloister  of  the  Carmelites  di  Santa  Maddelena  de* 
Ftea  at  Florence;  cloister  for  the  Fratri 
Eremitani  di  &  Affostino ;  la  Gran  Fabbrioa 
del  Poggio  Imperiide,  fortress  near  the  Porto 
a  Prato,  and  other  works,  at  Florence;  a 
magnificent  palace  at  Poggio  Ogana  for  Lo- 
renso  di  Medici ;  repaired  the  cupola  of  the 
church  della  Madonna  at  Loreto;  restored 
the  roof  and  decorations  of  the  ceiling  of  the 
church  of  Santa  Maria  Ma^ore;  restored 
the  church  dell'  Anima ;  Palazzo  Rovere,  near 
San  Pietro  in  VincolA  at  Rome;  Palazso 
Rovere  at  Savona;  an  unfinished  palace  at 
Milan ;  fortress  and  gate  of  San  Marco,  of  the 
Doric  order;  many  palaces  at  Pisa;  fortifi- 
cations  at  Ostia. 

Facade  of  the  Palaszo  Strozsi  at  Florence; 
church  of  S.  Francis  at  S.  Miniato,  near  Flo- 
rence ;  convent  of  the  Padri  Serviti ;  sacristy 
of  Santo  Spirito,  and  the  council  chamber  at 
Florence. 

A  bridge  in  Hungary;  several  churches  in 
Russia. 

Aqueduct  of  the  Adda  at  Milan ;  various  ma- 
chines, plans,  and  works  on  architecture. 

Many  bridges,  especially  that  of  Notre  Dame  at 
Paris ;  the  public  hall  and  Poote  della  Pietra 
at  Verona;  fortifications  at  TreviH>$  cleans- 
ing of  the  Lagunes,  and  a  design  for  the  Ponte 
Rialto  at  Venice:  after  the  death  of  Bra- 
mante,  he  was  engaged  with  Rafiielle  and  San 
Gallo  in  erecting  St.  Peter's  at  Rome. 

Palace  of  Prince  Robert  Sanseverino,  duke  of 
Salerno,  at  Naples ;  and  the  restoration  of  the 
church  of  San  Domenico  Maggiore,  which 
was  built  by  Lucano. 

Brick  buildings  at  Leicester  Abbey. 


Continued  the  erection  of  St  Peter's  at  Rome, 
after  the  death  of  Bramante,  his  master  in 
architecture;  engaged  on  the  buildings  of 
the  Famese  Palace ;  church  ttf  Santa  Maria 
in  Nayicella,  repaired  and  altered ;  stables  of 
Agostino,  near  the  Palazao  Famese ;  Palazzo 
Caffarelli,  now  Stoppani ;  the  gardens  of  the 
Vatican;  the  fa9ade  of  the  church  of  San 
Lorenzo,  and  of  the  Palazzo  Uggoccioni,  now 
Pandolfini,  at  Florence. 

Supposed  to  have  designed  Henry  VII. *s 
Cbaipei^  where  he  was  master  of  the  works. 
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187 
188 

189 
190 


191 


192 


193 
194 

195 

196 
197 
198 
199 


200 


Name  of  Architect. 


John  of   Padua  o£ 

Italy. 
Gibbes,    W.,      last 

prior  of  Bath,  of 

England. 
Hector  Asheley   of 

England. 
Andrea  Contucci  di 

Monte  Sansovino 

of  Italy. 


Bartolomeo  Buono 
of  Bergamo,  of 
Italy. 

Guglielmo  Berga- 
masco  of  Berga- 
mo, of  Italy. 


Maestro  Filippo  of 

Spain. 
Giovanni    di    Olol- 

zago  of  Biscay,  of 

Spain. 
Pietro  di  Gamiel  of 

Sp 


Giovanni  Alonxo  of 

Spain. 
Fra  Giovanni  d*E«ft- 

cobedo  of  Spain. 
Giovanni  Campero 

of  Spain. 
Antonio  San  Gallo 

of  Mugello,  near 

Florence. 


Baldassare  Peruxzi 
of  Volterra. 


Cen- 

turj. 


16th 


Principal  Works. 


M 


Deviser    of  buildings"  to    Hoary  VIII.    of 
England. 
Continued  the  building  of  Bath  Abbey  church 
till  the  dissolution  of  monasteries. 

Surveyor  of  buildings,  employed  in  the  erection 
of  Hunsdon  House. 

The  beautiftil  -  chapel  del  Sagramento  in  the 
church  di  Santo  Spirito ;  palace  della  Cano- 
nica  at  Loreto;  a  cloister  for  the  monks  of 
St.  Agostino,  and  a  little  chapel  without  the 
walls  of  Sanseverino ;  some  buildings  at 
Venice,  and  many  in  Portugal. 

Church  of  S.  Rocco ;  some  iMirts  of  the  Campanile 
di  San  Marco,  and  the  Procurazie  Vecchie  at 
Venice. 

Capella  Emiliana  of  the  Camaldulenses  at  Mu- 
rano,  an  island  of  the  Lagunes;  Palaazo  di 
Calmerlinghi,  near  the  Pontc  Rialto  at  Ve- 
nice; palace  at  Portagniaro,  at  Friuli;  gate 
di  Santo  Tommaso  at  Treviao;  gate  called 
II  Portello  at  Padua. 

Restoration  of  the  cathedral  of  Seville. 

Cathedral  of  Huesca  in  Arragon:  he  blended 
the  modem  Greek  style  with  the  Gothic,  in 
the  manner  called  Arabo-tedescho. 

Convent  of  S.  £ugTa9ia  at  Saragoasa ;  college  of 
Alcala,  in  the  Graeco- Gothic  style  of  archi- 
tecture. 

Sanctuary  of  Guadaloupe. 

Grrand  aqueduct  of  Segovia,  by  order  of  Queen 
Isabella. 

Church  and  convent  <^  S.  Francb  at  Fordda^ 
guna. 

Churches  of  the  Madonna  di  Loreto  near 
Tngan^  column,  of  Santa  Maria  di  Monser- 
rato,  of  S.  Giovanni  dei  Fiorentini ;  Palaisetto 
di  Conte  Palma ;  Palazzi  di  Santo  Buono  for 
himself,  now  that  of  the  Marchen  Saoehetti ; 
Farnese,  begun  by  Paul  1 1 1.,  when  a  cardinal; 
fortifications  of  Civita  Vecchla,  of  Civita  Cas- 
tellana,  of  Parma,  Ancona,  and  many  other 
strong  places  in  Italy ;  he  altered  the  Mole  of 
Adrian  to  its  present  form  of  the  castle  of 
&  Angelo;  triumphal  arch  in  the  square  of 
S.  Mark  at  Venice  ;  a  temple  to  our  Lady  at 
Monte  Pulciano ;  built  the  Capella  Paolina 
del  Vaticano,  and  assisted  in  the  works  of 
St  Peter's. 

Plan  and  model  of  the  cathedral  or  duomo  at 
Carpi;  two  designs  for  the  fa9ade  of  San 
Petronio,  and  the  gate  of  San  Michele  in 
Bosco  at  Bologna ;  fortifications  at  Sienna ; 
the  little  palace  built  for  Agostino  Chigi,  now 
called  the  Fameana,  in  the  Lungara ;  Palaxxo 
Massimi,  near  the  church  of  San  Pantaleo; 
ViUa  di  Papa  Giulio  IIL;  the  cortUe  of  the 
palace  de*  Duchi  Altemps ;  canno  at  the  Pa- 
lazzo Chigi;  tomb  of  Pope  Hadrian  IV.  in' 
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201 

202 
203 


204 


205 


206 


207 


206 
209 
210 

211 
212 


AFTER  CHRIST. 


Name  of  Ardilteet. 


Marco  di  Pino  of 
Sienna. 

Andrea  Briosco  of 

Padua. 
Ferdinando  Manlio 

of  Naples. 


Giovanni   Merliano 
of  Nola  of  Italy. 


Giovanni  Gil  de 
Hontanon  of 
Spain. 

Baccio  d*Agnolo  of 
Florenee. 


Cen- 
tury. 


I6th 


Giovanni  Maria  Fal- 
oonetto  of  Verona. 


213 


Rodrigo  Gil  de  Hon- 
tanon of  Spain. 

Pietro  de  Uria  of 
Spain. 

Alonxo  de  Cobami- 
bias  of  Spain. 


Diego  Siloe  of  To- 
ledo. 

Girobuno  Genga  of 
Urbino. 


Micbele  SanMictaeli. 


Priadpal  Woikf. 


the  ehurefa  dell*  Anima ;  Palaszo  %>ino8a,  now 
the  hospital  d^li  Eretici  oonvertiti  at  Rome  ; 
assisted  in  the  erection  of  St.  Peter's,  and  was 
buried  by  the  side  of  Rafiielle,  in  the  Pan- 
theon.    His  stvle  was  good. 

Modernised  the  church  della  Triniti  di  Palazzo, 
and  built  the  church  and  convent  of  Giesii 
Vecchio  at  Naples. 

llie  Loggia  and  council  house  in  the  Piazza  degli 
Signori  at  Padua,  finished  in  1526. 

CSiurch  and  hospital  della  Nunziata ;  the  Strada 
di  Porta  Nolano,  and  di  Monte  Oliveto,  with 
other  streets  and  palaces  at  Naples ;  a  bridge 
at  Capua. 

Strada  di  Toledo  at  Naples ;  church  of  S.  Giorgio 
de'  Genovesi ;  church  of  S.  Giacomo  degli 
Spagnuoli ;  plan  of  the  palace  del  Principe  di 
San  Severo,  and  the  palace  of  the  Duca  della 
Torre ;  the  Castel  Capuano,  altered  to  a  court 
of  law ;  a  fountain  at  the  extremity  of  the 
Mole,  and  some  triumphal  arches  for  the 
entrance  of  Charles  V.,  on  his  return  from 
Tunis,  at  Naples. 

Plan  of  the  cathedral  of  Salamanc^. 


The  beautiful  bell  tower  or  campanile  of  Santo 
Spirito;  lantern  above  the  cupola  of  Santa 
Maria  del  I^ore,  great  altar  and  choir  of  which 
was  built  by  his  son  Giuliano;  palace  for 
Giovanni  BartoUni  in  the  Piazza  deUa  San- 
tissima  Trinitik ;  Palazzo  Salvieto  at  Rome. 

Church  della  Madonna  delle  Grazie,  for  the 
Dominicans  at  Padua;  palace  in  the  Caste! 
d'Usopo  in  the  Friuli ;  palace  for  Luigi  Cor- 
naro,  near  the  Santo;  Doric  gate  to  the 
PaUiszo  Capitano ;  a  music  hall,  which  was 
much  admired  by  Serlio,  who  denominated  it 
*«  La  Rotondo  di  Padoua ;  **  gates  of  S&  Gio- 
vanni  and  Savonarola. 

Superintended  the  erection  of  the  cathedral  of 
Salamanca ;  built  the  cathedral  of  Segovia. 

Bridge  of  Almaraz,  over  the  Tagus. 

Facade  of  the  Alcazar  at  Toledo ;  convent  and 
church  of  S.  Michael  at  Valenza ;  repaired  the 
church  of  Toledo,  which  was  erected  in  587, 
during  the  reign  of  King  Riccaredo. 

Cathedral  and  Alcazar  at  Granada;  church  and 
convent  of  S.  Jerome  in  the  same  city. 

Palace  of  the  Duke  of  Urbino,  sul  Monte  dell' 
Imperiale  ;  the  court  of  the  palace  restored ; 
church  of  San  Giovanni  Battista  at  Pesaro; 
fii^ade  of  the  cathedral  and  the  bishop's  palace 
at  Mantua ;  convent  de*  Zoccolanti  at  Monte 
Baroccio.  His  son,  Bartolomeo,  was  also  an 
artist  of  considerable  repute,  and  there  are 
several  of  his  works  at  Mondavio,  Pesaro,  and 
other  parts  of  Italy. 

Cathedral  of  Monte  Fiascone ;  church  of  S.  Do- 
menico  at  Orvieto;    numerous   fortresses  in 
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814 

S15 
816 

817 
818 


819 


orAnUtcet. 


Pbilibert  de  Lorme 

of  Fraiioe. 
GalMRo   Aleari   of 

Italy. 
Suite  Lombtfdo  of 

Venioe. 

Oiacomo  Baronidm 
Yignola  of  Rome. 

Oiulio  Pippif  or 
GiuUo  Romanoi 
(^  Rome* 


Afichel  Angelo  di 
Buonaroti  of 
Florence. 


Cen- 
tury. 


leth. 


Prtoclpel  Wotlu. 


the  Venetian  territory,  in  Corfu,  Lomberdy, 
and  the  ecclesiastioal  states,  as  at  Legnana,  Orzi  I 
NuoTO,  and  Castello;  palaces  ds  Canossa,  dell* 
Gran  Guardia  on  the  Bra ;  Pellegrini  de*  Versi ; 
the  prefeeturate  and  fii9ade  «yf  the  Palano 
Berilaqua  at  Verooa;  chapel  Guaresehi  in 
the  church  of  S.  Bernardino;  design  tot  the 
campanile  of  the  Duomo ;  churches  of  Santa 
Maria  in  Organo  de'  Monaci,  di  Monte  Oli- 
veto,  di  San  Giorgio,  and  della  Madonna  ddla 
Campagna,  in  the  same  city ;  gates  Nuova,  del 
Pallio,  di  S.  Zenone,  del  Palasio  Pretorio, 
and  del  F^dasio  Prefettirio,  at  Verona ;  forti- 
fications of  the  same  city,  the  first  instance  of 
the  introduction  of  triangular  bastions;  the 
first  bastion,  that  of  della  Madellina,  was 
erected  in  1527. 

Commenced  the  Tuilleries ;  built  the  cbAteauz  of 
St  liaur,  Anet,  Meudon,  and  many  others. 

Tlie  Eseurial  in  Spain ;  he  was  much  employed 
at  Genoa. 

PfelasBO  Vendramini ;  staircase  and  &9ade  of  the 
school  of  &  Rocea ;  palaces  TVerisani  and  Gra- 
denigo,  at  Venice. 

The  magnificent  palace  at  Caprarola  fior  Csrdinal 
Famese. 

Villa  Madama;  Palazzo  Lante  at  San  Pietro; 
church  della  Madonna  del  Orto ;  Palazao  Ciecia 
poreialla  Strada  di  Banehi ;  Palazao  Cenei  suUa 
Piazsa  S.  Eustachio,  near  the  Palazzo  Lante, 
and  other  buildings  in  Rome ;  Palazzo  del  T. 
at  Bilantua ;  palace  at  Marmimolo,  five  miles 
from  Mantua;  modemiung  and  enlarging  the 
ducal  palaces,  the  Duomo,  and  many  other 
buildings  in  the  same  city ;  fiifade  of  S.  Pe- 
tronio  at  Bologna;  and  some  w<irks  at  Vi- 
cenaa.     His  style  was  agreeable. 

Library  of  the  Medici,  generally  called  the 
Laurentian  Library,  at  Florence ;  model  for  the 
fii^ade  of  the  chun^  of  San  Lorenzo ;  second 
sacristy  of  Lorenzo,  commonly  called  the  Ca- 
pella  dei  Depositi;  ^urch  San  Giotanni, 
which  he  did  not  finish ;  fortifications  at  Flo- 
rence, and  at  Monte  San  Miniato;  monument 
oi  Julius  II.  in  the  church  of  San  Pietro  in 
VincoU  at  Rome ;  plan  of  the  Campidoglio ; 
palace  of  the  Conservatori ;  building  in  die 
centre,  and  the  flight  of  steps  in  the  Campi- 
doglio, or  Capitol,  at  Rome ;  continuation  of 
the  Palace  Famese,  and  aereral  gates  at  Rome, 
particularly  the  Porta  Nomentana  or  Pia; 
steeple  of  S.  IkGchaele  at  Ostia;  Carthusian 
church  of  Santa  Bfaria  degli  Angeli ;  the  gate 
to  the  vineyard  del  Patriarca  Grimam ;  tow«' 
of  S.  Lorenzo  at  Ardea;  church  of  Santa 
Maria,  in  the  Certosa,  at  Rome ;  noany  plans 
of  palaces,  churches,  and  chapels.  He  was 
employed  on  St.  Peter's,  after  the  death  of 
San  Galla 
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920 

221 

222 
22S 

224 

225 

226 

227 
228 


229 


230 
231 


232 
233 
234 

235 
236 

237 
238 


Name  of  Architect. 


MaacaU  or  Marshall, 
Eustace*  of  Eng- 
land. 

Damiano  Forment, 
of  Valenza  of 
Spain. 

Martino  de  Gainaa 
of  l^iain. 

Alonzo  Bemiguette, 
of  Parades,  de 
Naba,  of  Spain. 

Pietro  di  Valdevira 
of  Spain. 

Pietro  Ezguerra  of 
Ojebar,  of  Spain. 

Ferdinando  Riuz  of 
Cordova,  of  Spain. 

Macbuea  of  Spun. 

Antonio  Fiorentino 
of  Florence. 


Jacopo  Tatti,  sur- 
named  Sansovino, 
of  Florence. 


Theodore  Havens  of 

England. 
Domenico  Teocopoli 

of  Greece. 


Garzia  d'Emere  of 

Spain. 
Bartolomeo  di  Bu»- 

tamente  of  Spain. 
Giovan    Battista  di 

Toledo  of  Spain. 


John     Thynne     of 

England. 
Giovanni  d*Herrera, 

of     Movellar,   of 

Austria- 
Pierre    de    Lescot 

of  France. 
Sebastiano  Serlio  of 

Bologna. 


Csn* 
tury. 


16th. 


Princlpsl  Works. 


Clerk  of  the  works  to  Cardinal  Wolsej,  at  the 
building  of  Christchurch  College,  Oxford ;  and 
chief  clerk  of  accounts  for  all  the  buildings  of 
Henry  VII L  within  twenty  miles  of  London. 

Fa9ade  of  the  church  of  &  Eugra9ia,  at  Sara 


The  chapel  royal  at  Seville. 

Plan  of  the  former  royal  palace  at  Madrid ;  gate 
of  S.  Martino  at  Toledo ;  palace  of  Aloda  in 
that  city ;  he  also  assisted  at  the  erection  of 
the  cathedra]  of  Cuenca. 

The  beautiful  chapel  of  S.  Salvador,  at  Ubeda ; 
palace  in  the  same  place  ;  hospital  and  chapel 
of  S.  Jago  at  Baeza. 

Cathedral  of  Plasentia ;  church  of  S.  Matteo  de 
Caeeres ;  church  of  Malpartida. 

Heightened  the  great  steeple  n^  the  cathedral  of 
Seville,  called  the  Torre  della  Giralda. 

Royal  palace  of  Grenada. 

Church  of  Santa  Catarina  a  Formello  at  Naples; 
the  cupola  of  this  chureh  is  said  to  have  been 
the  first  that  was  raised  of  any  considerable 
magnitude  in  that  city. 

Church  of  &  Marcello  begun,  and  that  of  S. 
Giovanni  de  Florentini  built ;  Logffia,  on  the 
Via  Flaminia,  just  out  of  the  Porto^l  Popolo, 
for  Marco  Coscia;  Palazso  Gkuldi,  now  del 
Nioolini,  at  Rome;  church  of  St  Francesco 
della  Vigna,  which  was  finished  by  Palladio ; 
Palazso  Comari,  sul  Canal  Grande,  at  San 
Maurizio ;  mint  and  other  public  buildings  at 
Venice ;  church  of  San  Fantino;  church  of  San 
Geminiano,  &c.  His  style  was  of  the  Ve- 
netian schooL 

Caius  College,  Cambridge,  a  good  specimen  of 
the  architecture  of  the  day. 

College  of  the  Donna  Maria  d*Arragona  at  Ma- 
drid ;  church  and  convent  of  the  Dominican 
nuns ;  also  of  the  Ayuntamiento  at  Toledo ; 
church  and  convent  of  the  Bemardine  nuns 
at  Silos. 

Parochial  church  of  Valeria,  near  Cuen9a. 

Hospital  of  St  John  the  Baptist,  near  Toleda 

Designs  for  the  Escurial ;  he  assisted  in  planning 
the  street  of  Toledo  at  Naples,  the  church  Sf 
Sb  Ja^o,  belonging  to  the  Spaniards ;  palace  at 
Posihpo  in  the  same  city. 

Built  Somerset  House  in  1567. 

Ccmtinued  the  Escurial  after  the  death  of  his 
master,  Giovan  Battista ;  plan  of  the  chureh  of 
Sw  Jaffo^  near  Cuenca ;  bridge  of  Segovia  at 
Madrid ;  palace  of  Arai^uez. 

Fontaine  des  Innocens,  in  the  Rue  Saint  Denys, 
at  Paris. 

Fidace  of  Grimani  at  Venice;  employed  by 
Francis  I.  of  France  at  Fontunebleau. 
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8S9 
840 
841 


841< 


848 

843 
844 
845 

846 


847 


848 
849 

850 
851 
858 

853 

854 
855 
856 
857 

858 


Name  of  Arehit«Gi. 


Bartolomeo  Amma- 
nati  of  Italy. 

Nicholas   Abate    of 
Modena. 

Andrea  Palladio  of 
Vioeiua,  of  Italy. 


Bernardo     Buonta- 
lenti  of  Florenoe. 


Domenico  Fontana 
of  Milan. 

John  Shute  of  Eng- 
land. 

Robert  Adams  of 
England. 

Louis  de  Foix  of 
France. 

Jaques  Androuet  du 
Ceroeau  of  France. 


Vinoenao 
of  Vicensa. 


Jacques   de    Brosse 

of  Paris. 
Carlo    Mademo    of 

Lorobardy. 

John  Warren  of 
England. 

Sir  H.  Wotton  of 
England. 

Inigo  Jones  of  Eng- 
land. 

Giovanni  Battista 
Aleotti  of  Fer- 
rara. 

Pierre  le  Muet  of 
France. 

Francesco  Borro- 
mini  of  Italy. 

Alessandro  Algardi 
of  Bologna. 

Giovanni     Lorenao 
Bernini    of     Na- 
ples. 

Francois  Mansard 
of  France. 


Cen- 
tury. 


16th. 


17th 


Principal  Works. 


Palano  Pitti;  bridge  Swntissims  THnili ; 
Rucellat  Palace  at  Florence ;  Jesuit's  eollege 
at  Rome,  and  many  other  works. 

The  old  chftteau  of  Meudon,  tomb  of  Francis  L 
at  St  Denys ;  decorated  the  apartments  of  the 
palace  of  Fontainebleau. 

Olympic  Theatre  at  Vieenia ;  II  Redentore  at 
Venice ;  and,  perhaps,  more  public  and  priTate 
buildings  than  have  been  erected  before  or  since 
by  any  architect. 

Villa  of  MarignoUe^  now  Casa  Capponi  ;  the 
casino  behind  San  Maroo  at  Florenoe;  a 
palace  for  the  Acciiguoli,  now  the  Corvini; 
the  fiM^ade  of  the  Stroni  Pahiee  in  the  Via 
Maggiore;  the  facade  of  the  church  della 
Santissims  Trinita ;  and  works  in  many  other 
parts  of  Italy. 

Chapel  of  the  Bilanger  in  the  church  of  Si  Maria 
Maggiore ;  library  of  the  Vatican,  and  many 
other  works. 

A  painter  and  architect,  who  flourished  during  the 
reign  of  Queen  Elizabeth,  from  1558  to  1608. 

Superintendent  of  royal  buildings  to  (luccn  Eli- 
sabeth. 

Monastery  of  the  Eseurial  in  Spain;  the  new 
canal  of  the  Adour ;  **  Tour  de  Cordouan,*  at 
the  mouth  of  the  Garonne. 

Pont  Neuf  at  Paris;  hotels  de  Sully,  de  Ma- 
yenne»  and  that  of  the  Fermes  General ;  de- 
signed the  fine  gallery  built  by  Henri  IV.  at 
the  Tutlleries. 

Supposed  inventor  of  the  angular  Ionic  capital ; 
made  some  additions  to  the  library  of  &  Mark, 
finished  the  Olympic  Theatre  at  Vicensa,  and 
built  a  theatre  at  Sabionetta. 

Luxembourg  at  Paris,  and  other  works. 

Altered  Michel  Angelo*s  design  for  St  Peter's 
at  Rome,  firom  a  Greek  to  a  Latin  cross ;  be- 
gan the  palace  of  Urban  VIII. 

Architect  of  St  Mary*8  Church  tower,  Cambridge. 

Author  of  "The   Elements   of   Architecture," 

published  in  London,  1624. 
Banqueting  House ;  chapel,  Lincoln's  Inn ;  Sur- 
geons* Hall ;.  arcade,  Covent  Garden,  Lradon ; 

and  a  vast  number  of  other  important  works. 
Fortress  at  Ferrara ;  many  palaces,  theatres,  and 

other  public   buildings    at   Mantua,   Parma, 

Modena,  and  Venice. 
Plan  for  the  grand  hotel  of  Luynes ;  hotel  Laigle 

and  Beauvilliers. 
Author  of  **  numerous  absurdities  *'  at  Rome  and 

Florenoe,  nevertheless  much  employed. 
Chiefly  employed  at  Rome. 

The  celebrated  piaxsa,  colonnade,  and  staircase  at 
St.  Peter^s ;  grand  fountain  of  the  Piasia  Na- 
vona. 

Abbey  of  Val  de  Grace ;  Chateau  des  Masons ; 
portal  of  the  Minims  in  the  Place  Royale. 
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259 

260 

261 
262 

263 
264 

265 

286 
267 

268 

269 
270 

270» 


271 
272 

273 

274 

275 
276 


Name  of  Architect. 


Claude  Perrault  of 
France. 

Fnu]9oi8  Blondel 
of  France. 

Antolne  le    Pautre 

of  France. 
Jaques    le  Mereier 

of  France. 

Christmas  Gerard  of 
England. 

Sir  Christopher 

Wren  of  Eng- 
land. 

Robert  Hooke  of 
England. 


Carlo    Fontana     of 

Italy. 
Jules         Hardouin 

Mansard  of 

France. 

Rer.  H.  Aldrich  of 
England. 


Fischer  von  Erlach, 
baron,  of  Ger- 
many. 

Sir  John  Vanbrugh 
of  England. 


Fllippo     Ivara     of 
Sicily. 


Colin    Campbell  of 

Scotland. 
Robert  de  la  Cotte 

of  France. 

mcholas  Hawks- 
moor,  pupil  to 
Wren,  of  Eng- 
land. 

Alexander  Jean 
Baptistele  Blond 
of  France. 

Galilei,  Alesacuidro, 
of  Italy. 

Galli  da  Bibiena  of 
lUly. 


Cen- 
tury. 


17th. 


IStfa 


Principal  Worki. 


Fa9ade  of  the  Louvre ;  chapel  of  Sceaux  ;  chapel 

of  Notre  Dame  in  the  church  of  the  Petits 

P^res. 
Bridge  over  the  Charente  at  Saintes;    gate  of 

S.  Denis  at  Paris;  repair  and  decorations  of 

the  gates  of  S.  Antoine  and  S.  Bernard. 
Wings  of  St.  Cloud ;  church  of  the  nunnery  of 

Port  Royal ;  hotels  of  Gevres  and  Beauvais. 
Sorbonne,  Palais  Royal,  &  Roch,  Val  de  Grace, 

were    erected    by  him  after    the   designs   of 

Mansard. 
Designed  Aldersgate,  London  ;  was  an  architect 

and  sculptor. 
St.    PauPs ;    city   of  London   after    the    Fire ; 

Hampton  Court ;  Greenwich  Hospital,  &c. 

The  Old  Bethlem  Hospital  in  Moorfields;  Ashe's 
Alms-houses ;  British  Museum.  He  was  as- 
sociated with  Wren.  He  gave  a  plan  for  re- 
building London  after  the  Fire. 

One  of  the  last  architects  of  St  Peter^s. 

Dome  des  Invalides ;  Gallerie  du  Palais  Royal ; 
the  Place  de  Louis  le  Grand ;  that  des  Vic- 
toires,  &c  He  was  the  nephew  of  Francis 
Mansard. 

Three  sides  of  the  quadrangle  of  Christ's 
Church,  called  Peckwater  Square,  chapel  of 
Trinity  College,  and  church  of  All  Saint's,  at 
Oxford. 

Many  churches  and  palaces. 


Blenheim  House;  Castle  Howard,  Yorkshire; 
Eastberry,  Dorset ;  King's  Weston,  near  Bris- 
tol ;  St.  John's  Church,  Westminster ;  the 
Opera  House  of  the  time. 

Buildings  near  Turin  on  the  Superga ;  church 
del  Carmine ;  an  interior  staircase  to  the  palace 
at  Turin ;  employed  on  works  in  Portugal ; 
finished  cupola  of  Sant*  Andrea,  Mantua ;  fii- 
^uie  of  Duomo  at  Milan ;  palace  of  the  Count 
Birago  di  Borghe  at  Turin,  and  numberless 
other  works. 

Wanstead  House,  Mereworth.  Compiler  of  the 
**  Vitruvius  Britanniieus.** 

He  continued  the  Dome  des  Invalides ;  finished 
the  chapel  of  Versailles ;  and  raised  the  new 
buildings  at  St  Denys. 

Designed  the  church  of  St  George,  Bloomsbury, 
and  St  Anne,  Limehouse. 


L'H6tel  de  Vendome,  in  the  Rue  d'Enfer  at  Paris. 

He  was  employed  much  in  Rusaa  by  Peter 

the  Great 
Corsini  Chapel,  &c.,  Rome. 

Theatre  Verona;  theatre  at  Vienna.     Author  of  | 
two  books  on  Architecture 
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877 
278 
S79 
280 

281 

282 

283 
284 
285 
286 
287 

288 

289 
290 
291 
292 

293 
294 
295 
296 
297 
298 
299 

SOD 
301 


Name  of  Architect. 


Gabrid,  Jaques,   of 

France. 
James,     John,      of 

England. 
Leoni    Giacomo  of 

lUly. 
Germain  de  Bofirand 

of      Nantes,     of 

France. 
James      Gribbs     of 

Scotland. 


William  Kent  of 
England. 

Ripley,  Thomas,  of 

England. 
Edmund    Bouchar- 

don  of  France. 
Labelye,  Charles,  of 

Switxerland. 
Sacchetti,  Giambat- 

tista,  of  Turin. 
Burroughs,  Sir 

James,    of   Eng- 
land. 
Jean  Nicholas  Ser- 

▼andoni  of  France. 

Ware,  Isaac,  of  Eng- 
land. 
Dance,    George,  of 

England. 
Vanvitelli,  Luigi,  of 

Italy. 
Jacques,      Francois 

Blondel,  of 

Rouen,  of  France. 
Earl  of  Burlington 

of  England. 
John     Brettingham 

of  England. 
Fuga,    Ferdinando, 

of  Italy. 
Simonetti,  M.  Aug., 

of  Italy. 
Gabriel,  J.  A.,    of 

France. 
John  Rodolphe 

Perronet  of  France. 
Jacques       Germain 

Soufflot  of  France. 

Sir  William  Cham- 
bers of  England. 

Robert  Adam  of 
England. 


18th. 


Principal  Woriu. 


Buildings  at  Bordeaux,  Rennes,  Paris»  &c 

St.  George*B,  Hanover  Square. 

Lyme  HalL 

Much  employed  in  Paris  and  Germany. 

Radcliffe's  Library,  Oxford  ;  the  new  church  in 
the  Strand  ;  St  Martin Vin-the- Fields ;  King's 
College,  Royal  Library,  and  Senate  Houae, 
Cambridge. 

Temple  of  Venus  at  Stowe ;  Earl  of  Leicester's 
house  at  Holkham ;  staircase  at  Lady  Isabella 
Finch's  in  Berkeley  Square ;  and  other  works. 

Houghton  Hall;  Admiralty 

Many  buildings  at  Paris. 
Westminster  Bridge. 
Royal  Palace,  Madrid. 
Senate  House,  Cambridge. 

Part  of   the   church  of  S.  Sulpice  at    Paris; 

many  theatres  and  decorations  for  theatres  at 

different  places. 
Foot's  Cray,  &c.     Edited  a  version  of  Pidladio. 

Mansion  House,  London ;  and  other  works. 

Palace  at  Ci^serta,  &c. 

Royal  abbey  of  St.  Louis ;  a  street  and  square 
opposite  to  the  cathedral  at  Rouen;  many 
other  works  both  there  and  at  Strasburg. 

Chiswiok  House;  Burlington  House,  Pioc»- 
dilly ;  and  other  works. 

Holkham  Hall  in  Norfolk,  finished  by,  in  1764. 

Palazzo  Corsini,  &c.,  Rome,  Naples,  &c. 
The  Museo  Pio  Clementino  in  the  Vatican. 
Ecole  Militaire  and  Garde  Meuble,  Paris. 

Director  of  the  bridges  and  roads  of  France, 
bridge  of  Neuilly,  and  many  others. 

Hospital  at  Lyons ;  exchange,  concert-room, 
and  theatre  in  the  same  city ;  portal,  nave, 
and  towers  of  the  church  of  St.  denevieve. 

Somerset  House,  and  many  other  works. 

Architect  to  Geo.  TIT. ;  author  of  a  work  on  the 
ruins  of  Spalatro ;  his  principal  wosks  are  the 
Register  Office  at  Edinburgh;  infirmary  at 
Glasgow ;  the  Edinburgh  University ;  Luton 
Houae ;  Adelphi  Terrace. 
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Gen- 
turj. 

Principal  Works. 

SOS 

Sot    Robert  Taylor 

18th. 

Parts  of  Bank  of  England  now  taken  down,  and 

of  England. 

a  great  number  of  buildings  in  this  country. 

SOS 

Paine,     James,    of 

— 

Mansion  House,  Doncaster ;   Wardour   Castle ; 

England. 

Worksop.    Designs  published. 

S04 

Louia  of  France. 

... 

Theatre  at  Bordeaux,  &c. 

305 

Antoine,       Jacques 
Denis,  of  France. 

— 

The  Mint,  Paris ;  ditto  at  Berne,  &c. 

S06 

Ledoux,  Claude  Ni- 

m^ 

Barridres  at  Paris ;  Hotel  Thelusson,  &c.  ;  and 

cholas,  of  France. 

author  of  a  splendid  work  on  architecture. 

307 

Holland,  Henry,  of 

England. 
Bonomi,  Joseph,  of 

— 

Carlton  House ;  old  Drury  Lane,  &c. 

308 

m^ 

Roseneath  ;  alterations  at  Riddlestone,  &c. 

Italy. 

309 

Legrand,          Jacq. 

— 

Theatre     Feydeau,    Paris;    many   architectural 

Guill.,  of  France. 

works,  &C. 
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Langhans,  C.  G.,  of 
Germany. 

— 

Brandenburg  Grate,  &c ,  Berlin. 

311 

Mylne,    Robert,   of 
Scotland. 

"~" 

Blackfriars  Bridge ;  Inverary  Castle,  &c 

312 

Gondouin,     Jaques, 
of  France. 

— 

Ecole  de  MM^ine,  Paris. 

SIS 

Fischer,     Karl,     of 
Germany. 

— 

Theatre,  &c.,  Munich. 

314 

Dance,    George,    of 

England. 
Gandon,  James,   of 

— " 

Newgate;  St  Luke*s  Hospital. 

315 

,__ 

Custom    House,   Exchange,  Four  Courts,  &c.. 

Ireland. 

Dublin. 

316 

Soane,   Sir  John,  of 

— 

Bank  of  England;  Board  of  Trade ;  State  Paper 

England. 

Office. 

317 

Percier,  Charles,  of 

.1-. 

Architect  of  the  Tuilleries  ;  restorations,  &&  at 

France. 

Louvre  and  Tuilleries;  Chapelle  Expiatoire. 
Author  of  Recueil  de  Decorations. 

AKCHiTccTuas.  The  art  of  building  according  to  certain  proportions  and  rules  deter- 
mined and  regulated  by  nature  and  taste.  As  the  art,  in  its  yarious  parts,  is  the  subject 
of  this  work,  we  do  not  here  consider  further  definition  necessary.  For  origin  and 
progress,  see  Book  I.  Chap.  I.  Sect  2, ;  different  species  at  early  period,  Book  L  Chap.  I. 
Sect  3. 

AacHrrxcTuaB,  Asabian  or  Saeackkic,  Book  I.  Chap.  II.  Sect  10. 
^— ^— -      Babtloniak,  Book  I.  Chap.  II.  Sect  3. 
-»-^—      BaiYisH,  Early  Period,  Book  I.  Chap.  III.  Sect  1. 

■      Btzaittinx  and  Rokavxsqux,  Book  I.  Chap.  II.  Sect  14, 
— ^-^—       Ckltxc  and  Drvidical.     See  Druidical. 

Ctclopeak.     See  Pslasoic. 

■  Chinxsb,  Book  I.  Chap.  II.  Sect  8. 

— -      Druidical  and  Celtic,  Book  I.  Chap.  II.  Sect  1« 
— —      EoTPYiAV,  Book  I.  Chap.  II.  Sect  7. 
-^— ^—      Early  English,  Book  I.  Chap.  III.  Sect.  3, 
— ^-      Elxxabethan,  Book  I.  Chap.  III.  Sect  6. 

Etrdscan,  Book  I.  Chap.  II.  Sect  13. 

Frevcb,  Book  L  Chap.  II.  Sect  17. 

^— —      Florid  Ekgubh  or  Tudor,  Book  I.  Chap.  III.  Sect  5. 
»— -*^>     or  George  I.,  Book  I.  Chap.  III.  Sect  8. 

■  OF  George  II.,  Book  I.  Chap.  III.  Sect  9. 
-«— ^—      or  George  III.,  Book  I.  Chap.  III.  Sect  10. 
-^— ^—      Gerxak,  Book  I.  Chap.  II.  Sect  18. 

Greclak,  Book  I.  Chap.  IL  Sect  11. 

^^-^~—      Indiak,  Book  I.  Chap.  II.  Sect  6. 

— — — »—      Italian,  Book  I.  Chap.  II.  Sect.  16. 

■  Jambs  I.  to  Anne,  Book  I.  Chap.  III.  Sect  7. 

SN  8  .  - 
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AiicHiTKcruBS,  Jkwiih,  Book  I.  Cliap.  II.  Sect.  5. 
■  Mkxicak,  Book  I.  Chap.  II.  Seet.  9. 
— ^— -  NoaxAK,  Book  I.  Chap.  III.  Sect  2. 
— ^— *  Orkamcktbd  English,  Book  I.  Chap.  III.  Sect  4. 
— ^— *  Pblasoic  and  Ctclopsan,  Book.  I.  Chap.  II.  Sect  S. 
— ^— —  Pbesspolitan,  Book  I.  Chap.  II.  Sect  4. 
— *—  PoiMTCD,  Book  I.  Chap.  II.  See.  15. 
— —  RoxAK,  Book  I.  Chap.  II.  Seet  13. 
>^— —  Russian,  Book  I.  Chap.  II.  Sect  SO. 
Spain  and  FoaTUOAL,  Book  I.  Chap.  II.  Seet*19. 

Architccturb,  Works  on.     It  would  too  fiur  extend  this  work  to  print  a  list  of  theses 
but  we  here  insert 

A  Catalogue  of  the  principal  and  most  useful  Works  to  the  Student  of  Arcfailectare^ 

arranged  under  the  several  Classes  of 


1.  Grxcian  ARCHrrBcrnas. 

2.  Roman  Arcuitbcturb. 

3.    MiSCBLLANBOUS,  OM  AnCIBNT  ArCHITBC- 
TURB. 


6.  MoDBEN  Enoush  AacBiracTUBJc 

7.  Rural  AacHiTBCTiraB. 

8.  Thbatrbs. 

9.  Bridobs. 


4.  Gothic  ARCHirKcrnaB.  10.  Elxmbntart  ani>  Practical  Works. 

5.  MoDBRN  FoRBioN  Architbcturb.  j    11.  Ornambnib. 

I.  Grxcian  Archrbctdrb. 

Aberdeen's,  Earl  of,  Inquiry  into  the  Principles  of  Beauty  in  Grecian  Ardutectnre. 
Svo.    London,  1822. 

Aikin*s,  E.,  Essay  on  the  Doric  Order.     Imperial  folio.     London,  1810. 

Antiquities  (the  unedited)  of  Attica,  comprising  the  Architectural  Remains  of  Eleusis, 
Rhamnus,  Sunium,  and  Thoricus.  By  the  Society  of  DUettanti,  and  edited  by 
Wilkins,  Gandy  Deering,  and  Bedford.     Imperial  folio,  79  plates.     London,  1817. 

Antiquities  of  Ionia,  by  Chandler,  Rerett,  and  Pars.  Imperial  folio,  platM,  2to1s., 
London,  1817-23. 

Chambers*s  Civil  Architecture.  Gwi]t*s  Edition.  Introductory  Essay  on  Grecian  Archi- 
tecture.    Imp.  8yo.     London,  1825. 

Chandler's,  R.,  Travels  in  Asia  Minor  and  Greece.    2  vols.  4to.     London,  1817. 

Choiseul,  GoufRer.    Voyage  Pittoresque  de  la  Grdce.    2  vols,  folio.    Paris,  1782 — 1809. 

Cockereirs,  C.  R.,  Temple  of  Jupiter  Olympius  at  Agrigentum.    London,  1825. 

Delagardette.     Les  Ruines  de  Paestum,  ou  Posidonia.     Royal  folia     Paris,  1 799. 

Donaldson.  Collection  of  the  most  approved  Examples  of  Doorways  from  ancient  Build- 
ings in  Greece  and  Italy.     2  vols.  4to.     London,  1833. 

Gartner,  F.    Monuments  of  Greece  and  Sicily.     Polio.    Munich,  1 81 9. 

Harris  and  Angell.     Temple  of  Selinus.     Large  4to.  plates.     London,  1826. 

HittorfF.     Architecture  Antique  de  la  Sicile.     Paris,  1825-30-37. 

Le  Roy.  Les  Ruines,  les  plus  beaux  Monuments  de  la  Grdce,  oonnder^  du  Cot£  de 
riHstoire,  et  du  Cot^  de  1' Architecture.  Imp.  folio,  plates  by  Le  Bas.  Paris,  1758. 
Not  a  correct  work. 

M^jor,  T.     Ruines  de  Paastum.    24  plates,  large  folio.     1768. 

Quincy*s,  M.  Quatremdre  de,  Jupiter  Olympien.  Large  folio,  plates,  w>ine  coloured. 
Paris,  1815. 

■  Restitution  des  Deux  Frontons  du  Temple  de  Minerve  k  Ath^nes.  4ta  3  plates, 
Paris,  1825. 

Stanhope,  J.  S.  Olympia ;  or  Topography  of  the  ancient  State  of  the  Plain  of  Oljrmpia, 
and  of  the  Ruins  of  the  City  of  Ells.     Imp.  folio.    London,  1824. 

Stuart's,  James,  Antiquities  of  Athens.     4  vols,  large  folia     1762,  &c. 

Stuart,  James,  F.R.S.  F.S.A.,  and  Nicholas  Revett*s  Antiquities  of  Athens,  a  second 
edition,  with  a  very  considerable  augmentation  of  notes  of  subjects  further  elucidated 
and  brought  to  light  by  Travellers  rince  the  thnes  of  Stxiart  and  Revett,  edited  by 
W.  Kinnaird,  architect,  with  an  additional  and  entirely  new  volume  (as  supplement) 
of  Architecture  and  Antiquities  in  Greece,  Sicily,  &e.,  the  result  of  recent  Thivels 
and  Investigations,  by  C.  R.  Cockerel],  W.  Kinnaird,  T.  L.  Donaldson,  W.  Jenkins, 
and  others,  architects.     4  vols,  royal  folio,  about  200  plates.     1825 — 1830. 

The  plates  in  the  three  first  volumes  of  this  edition  are  from  the  coppers  of  the 
French  edition. 

Visconti,  Chevalier.     Ouvrages  de  Sculpture  du  Parthenon.     Svo.  Paris,  1818. 

Wilkins,  W.  Antiquities  of  Magna  Grascia.  Imp.  folio.  Cambridge,  1807.  An  ill- 
drawn  work. 

■  Topography  and  Buildings  of  Athens.     Royal  8vo.,  plates.     1816. 
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II.   Roman  Aachitecturk. 

Adams,  Robert     Ruins  of  the  Palace  of  the  Emperor  Diocletian  at  Spalatro  in  Dalma- 

tia.     Folio,  61  plates.     London,  1764. 
Allaaon,  T.    Picturesque  Views  of  the  Antiquities  of  Pola.    Folio,  14  plates.    London, 

1817. 
Bartoli,  P.  S.      Gli  Antichi  Sepolchri  OYvero   Mausolei  Romani  ed  Etnischi.     Folio, 

110  plates.     Roma,  1727. 
— —  Colonna  Trajana,  a  P.  Bellori.      128  plates. 
Bellonii,  J.  P.    Veteres  Arcus  Augustorum  Triumphis  insignes  ex  Reliquiis  quae  Rom«e 

adhuc  supersunt  per  J.  J.  de  Rubeis.     Folio.     Roma,  1690. 
Bianchi  di  Lugano,  P.     Osserrazioni  sull*  Arena,  e  sul  Podio  dell*  Anfiteatro  Flayio. 

Folio.     Roma,  1812. 
Bianconi,  G.  L.     Descrizione  dei  Circhi.      Folio,  20  plates.     Roma,  1789. 
Cameron's  Baths  of  the  Romans  explained  and  illustrated.     Folio,  75  plates.    London, 

1772. 
Caristie.     Plan  et  Coupe  d*une  partie  du  Forum  Romain  et  des  Monumens  sur  la  Vote 

Sacr^     Atlas  folio.      Paris,  1 821. 
Casteirs  Villas  of  the  Ancients  illustrated.     Large  folio.     17S8, 
Ciampini,  J.     Rom.  Vetera  Monumenta.     Rome,  1747. 
Cipriani,  6.  B.     Monumenti  di  Fabbriche  Antiche.     4to.     Roma,  1796. 
Desgodetz,  A.     Edifices  de  Rome,  dessin^  et  m^Butis  tr^  exaotement.     Folio,  up- 
wards of  300  plates.      Paris,  1682. 
Gell,  Sir  W.,  and  J.  P.  Gandy,    Pompeiana  ;  the  Topography,  Edifices,  and  Ornaments 

of  Pompeii     2  vols,  imperial  8to.     London,  1824. 
Grangent,  M.  M.,  C.  I>urand,et  S.  Durant     Description  des  Monumens  Antiques  du 

Midi  de  la  France.      Folio,  plates.     Paris,  1819. 
Haudebourt,  L.  P.     Le  Laurentin ;  Maison  de  Campagne  de  Plin4  le  Jeune.     Large 

8vo.  plates.     Paris,  18S8. 
Labacco,  Ant.    Appartenente  all*  Architettura  nel  qual  si  figurano  alcune  notabili  Anti- 
quity di  Roma.     Plates,  folio.      Roma. 
Maffei,  Scipio.  History  of  Ancient  Amphitheatres.   Translated  by  Gordon.  8vo.  London, 

1730. 
Mazois.     Ruines  de  Pompeii     Paris,  1 830. 
Mibby,  Ant.     Del  Foro  Romano,  della  Via  Sacra,  dell'  Anfiteatro  Flavio,  e  di  Luoghi 

a4jacenti     8to.    Roma,  1819. 
Palladio,  A.     I  Quattro  Libri  d' Architettura ;  whereof  the  last  book  is  of  ancient  Roman 

Architecture.     Several  editions  published  at  Venice.      Figures  on  wood  blocks. 
— —   II  Tempio  di  Minerva  in  Assisi  confirontato  coUe  Tavole  di  Giov.  Antolini. 

Folio.     Milano,  1803. 
— —  Les  Termes  des  Remains  dessin^es.     Par  O.  B.  Scamozzi,  d'apres  1'  Exemplaire 

du  Lord  Burlington.     Folio.     Vicenza,  1785. 
Piranesi,  Giov.  Bapt     The  works   of  (the  son)  subsequent  to   the  death   of  John 
Baptist  Piranesi     29  vols,  imperial  folio,  and  double  elephant  folio.      An  abbreviated 
list  of  them  is  subjoined :  — 

Voi  1.    Ruins  of  ancient  Edifices  of  Rome,  with  the  Explanation,  Aqueducts, 

Baths,  the  Forum,  &c.  &c 
VoL  2.  Funeral  Monuments,  Cippi,  Vases,  &c.  &c 
Vol.  3.   Ancient  Bas-reliefs,  Stuccoes,  Mosaics,  Inscriptions,  &c.  &e. 
VoL  4.  The  Bridges  of  Rome,  the  Ruins  of  the  Theatres,  Porticoes,  &c.  &c. 
VoL  5.  The  Monuments  of  the  Scipios. 
Vol.  6.  Ancient  Temples,  the  Temples  of  Vesta,  of  Honour  and  Virtue,  Statue  of 

the  Goddess  Vesta,  Altar  to  Bacchus,  the  Pantheon  of  Rome,  &c.  &c 
Vol.  7.   The  Magnificence  of  the  ancient  Roman  Architecture,   Pedestals  of  the 

Arches  of  Titus  and  Septimius  Severus,  Portico  of  the  Capitol,  &c.  &c. 
VoL  8.   Grecian,  Etruscan,  and  Roman  Architecture,  Arches  of  Triumph,  Bridges, 

Temples,  Amphitheatres,  Prisons,  &c. 
VoL  9.   Fetes  and  Triumphs,  from  the  Foundation  of  Rome  to  Tiberius,  Temple  of 
Castor  and  Hercules,  and  other  antique  Monuments  of  the  ancient  City  of  Cora, 
&e.  &c. 
VoL  lO.  The  ancient  Campo  Marzio,  Ruins  of  the  Theatre  of  Pompeii,  Portico  of 
Octavius,  Reservoir  of  the  Virgin  Water,  Mausoleum  of  Augustus,  Palace  of 
Aurelius,  the  Pantheon,  the  Cave  of  the  Archives  of  the  Romans,  Baths  and 
Tombs  of  Adrian,  Apotheosis  of  Antonine  the  Pious,  Arch  of  Marcus  Aurelius, 
Baths  of  Sallust,  Plan  of  the  Roman  Senate  House,  &c.  &c. 
VoL  1 1.  Antiquities  of  Albano,  Temple  of  Jupiter,  sepulchral  Attributes  to  the 
Horatii,  Amphitheatre  of  Domitian,  ancient  Baths,  &c. 
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Vol.  12.  Ancient  CandeUbras  and  Vases,  Urns,  Lamps,  &c.  &c. 

VoL  13.   Ancient  Candelabras  and  Vases,  Urns,  Lamps,  &c.  &c 

VoL  14.  The  Tn^an  and  Antonine  Columns. 

Vol.  15.   Ruins  of  Picstum,  Temple  of  Neptune,  Temple  of  Juno,  &c.  &e. 

Vol.  1 6.  The  principal  modem  Edifices  of  Rome,  Monuments,  Palaces,  FoDntains, 

Aqueducts,  Bridges,  Temples,  Porticoes,  Amphitheatres,  Baths,  &c.  &c. 
Vol.  17.  The  Principal  Modem  Edifices  of  Rome,  Monuments,  Palaces,  Fountains, 

Aqueducts,  Bridges,  Temples,  Porticoes,  Amphitheatres,  Baths,  &e.  &c. 
Vol.  1 8.  The  principal  ancient  Statues  and  Busts  o£  the  Royal  Museum  of  France, 
the  Vatican,  of  the  Capitol,  Villa  Borghese,  Villa  Ludoviei,  Famesian  Palace^ 
the  Gallery  of  Florence,  &c.  &o. 
Vol.  19.  Theatre  of  Herculaneum. 
Vol.  20.  Egyptian,   Grecian,  Etruscan,  and  Roman  Chimney  Pieces,  Ornaments, 

&c.  &c. 
Vol.  SI.  Forty-four  Plates  after  Guerctno,  by  Piranen,  Bartoloni,  &c. 
Vol.  22.  Italian  School  of  Painting. 

Vol.  23.  Twenty-fi>ur  grand  Subjects  firom  Ra&elle,  Volterra,  Pompeii,  Hercula- 
neum, &;c.  &c. 
Vol.  24.  Twelve  Paintings  of  Ra&elle,  in  the  Vatinn,  &o.  &e. 
Vol.  25.  Fourteen  Paintings  of  Rafiielle,  in  the  Vatican,  &c.  &c 
Vol.  26.  Thirteen  Paintings  of  Vasari,  after  the  Designs  of  Michael  Angelo,  &c.  &c 
VoL  27.  The  Destruction  of  Pompeii,  its  Tombs,  Utensils,  Ornaments,  Sec  &e. 
Vol.  28.  Antiquities  of  Pompeii,  its  Houses,  Tombs,  Vases,  ftc 
VoL  29.   Antiquities  of  Pompeii  and  Herculaneum,  &c.  &c. 
Ponce.     Description  des  Bains  de  Titus.     Folio,  plates.  Paris,  1786. 
Taylor,  G.  L.,  and  Edward  Cresy.     Architectural  Antiquities  of  Rome.     2  toIs.  ft^ou 

London,  1820—1822. 
Valadier,  Giua.     Raccolti  delle  pid  insigni  Fabbricbe  di  Roma  Antica  e  sui  A4$acemte, 
illustrata  con  Osservazioni  Antiq-  da  F.  A.  Visconti,  ed  incise  da  V.  Feoli.     Plates. 
Rome,  1810 — 26. 
Vandoyer,  A.  L.  T.     Description  du  Th^tre  de  Marcellus  k  Rome.   4to.    Paris,  1812. 
Vasi,  Giuseppe.     Magnifioenze  di  Roma  Antica  e  Moderaa.     3  vols.     Roma,  1747. 
Wood's  Ruins  of  Balbec  and  Palmyra.     2  vols,  folio.     London,  1753 — 1757. 

III.    MiSCELLAKEOUS. 

Agincourt,  D',  Seroux.    Histoure  de  I'Art  par  les  Monumens.  6  vols,  folio.  Paris,  1823. 
Arundale's  Illustrations  of  the  Buildings  and  Antiqmties  of  Jerusalem,  &c.,  with  a  Tour 

in  Syria  and  Egypt     Plates,  4to.     London,  1838. 
Belgrado.     Architettura  Egiziana ;   DLssertazione  d*  un  Correspondoite  dell*  Academia 

delle  Scienxe  de  Parigi.     4to.     Parma,  1786. 
Cassaa.     Voyage  Pittoresque  de  la  Syne,  de  la  Phenicie,  de  la  Palestine,  et  de  la  Basse 

Egypte.     2  vols,  folio. 
Coote,     Architecture  Arabe ;  ou  Monument  de  Caire.     Paris,  1824,  &e. 
Coussin.     Genie  de  1*  Architecture.     4to.  60  plates.     Paris. 
Daniel's  Oriental  Scenery.     9  vols,  folio.     London,  1813. 
David.     Antiquit&s  Etrusques,  Grecques,  et  Romaines.    5  vols,  avec  explications  par 

d'Hancarville.     Paris,  1787. 
Denon's  Egypt.     Reprinted  in  London. 
Durand,  J.  N.  L.     Recueil  et   Parall^le  des   Edifices  de  tout   Genres,  anciens   et 

modernes.    Elephant  folio,  90  plates,  and  8va :  text  by  Legrand.    Paris,  1801 — 1809. 
Gau,  F.  C.      Antiquit^s  de  la  Nubie  ;    ou  Monumens  in^dits  des  Bords  du  Nil,  situ^ 

entre  la  Premidre  et  la  Seconde  Cataracte.     Folia     Paris,  1824-5. 
Girault  de  Prangey.    Monumens  Arabes  et  Moresques  de  Cordoue,  Seville,  et  Grenada. 

Large  folio.     Paris,  1840. 
Jones,  Owen,  and  J,  Goury's  Plans,  Elevations,  and  Sections  of  the  Alhambra.     Folio. 

London,  1838—1840. 
Langles,   L.      Monumens,   anciens  and    modernes,    de  I'Hindostan.      2   vols,    folio. 

Paris,  1818. 
Montfau^on,  Bernard  de.     L*  Antiquity  expliqu^e  et  represent^  en  Figures.     5  vols. 

folio;  Supplement,  5  vols,  folio,  964  plates.     Paris,  1729 — 1733 
Murphy's,  J.,  Plans,   Elevations,    Sections,  and  Views  of  the  Batalha.     Large  folio^ 

plates.     London,  1836. 

Arabian  Antiquities  of  Spain.     Atlas  folio,  97  plates,    London,  1828. 

Quincey,   Quatrem^re  de.      L* Architecture   Egyptienne  consider^     18   plates,  4to. 

Paris,  1803. 
Rich's  Ruins  of  B^ylon.     8vo.     London. 
Tournefort's  Voyage  into  the  Levant.     2  vols.  4to.     1718. 
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Winckelmaiu     Remarques  nir  I'Arehitectare  des  Anciens.    8va     Paris,  1783. 

Histoire  de  T  Art  chea  les  Anciens.     S  vols.  4to.     Paris,  1 790. 

Monumenti  Antiobi  inediti.     2  vols,  iblio,  184  plates.    Napoli,  1820. 

IV.   Gothic  Architscturs. 

Archaeologia.  A  work  consisting  of  manv  vols,  published  by  the  Society  of  Antiquaries. 
It  contains  several  essays  on  Gothic  and  English  architecture,  and  subjects  connected 
with  it,  as  well  as  on  ancient  and  modern  architecture ;  but,  as  the  society  are  not 
responsible  for  the  lucubrations  which  appear  in  it,  and  the  papers  published  are 
therefore  merely  to  be  considered  as  the  opinions  of  their  writers,  there  are  extremely 
few  on  which  a  student  could  rely  with  safety ;  and  we  have  therefore  mentioned  it  as 
a  work  in  which  it  is  possible  some  points  may  be  found  valuable  for  his  perusal ;  but 
this  opinion  is  confined  exclusively  to  the  art  in  which  we  have  presumed  that  we 
ourselves  possess  some  snudl  information ;  many  of  the  historical  and  other  articles 
in  it  being  of  great  value. 

Bardwell,  W.  Temples,  ancient  and  modem ;  or.  Notes  on  Church  Architecture. 
Large  8vo.    London,  1837. 

Bentham,  J.     History  and  Antiquities  of  the  Church  at  Ely.   4to.  1771. 

—  Essay  on  Goliiic  Architecture.     8vo. 

Blore.     Monumental  Ronains  of  noble  and  eminent  Persons.    Imp.  8vo.  London,  1826. 

Britton.  Cathedrals,  comprising  Canterbury,  York,  Salisbury,  Norwich,  Oxford,  Win- 
chester, Litchfield,  Hereford,  Wells,  Exeter,  Worcester,  Peterborough,  Gloucester, 
and  Bristol.    4to.  1835. 

As  respects  the  graphic  part  of  this  work,  it  is  one  of  great  value  to  the  student. 

Britton,  J.  Architectural  Antiquities  of  Great  Britain.  4  vob.  4to.  London,  various 
dates. 

—  Chronological  and  Historical  Dlustrations  of  the  ancient  Ecdenastioal  Archi- 
tecture of  Great  Britain.     4to.  London,  1835. 

History  and  Antiquities  of  Bath  Abbey.     Royal  8vo. 

History  and  Antiquities  of  Radclyffe  Church.     4to. 


Britton  and  Brayley.     History  of  the  ancient  Palace  and  late  Houses  of  Parliament  at 

Westminster.     8va  London,  1836. 
Boisser^,  Sulpice.     Vues,  Plans,  Coupes,  et  I>^tail8  de  la  Cathddrale  de  Cologne,  &c. 

Very  large  folio.  Stutgard,  1827. 
Carter,  J.     Ancient  Architecture  of  England.     2  vols,  folio,  1 837. 
Caveler,  W.     Select  Specimens  of  Gothic  Architecture.     4to.  80  plates.  London,  1 839. 
Cotman,  J.  S.     Architectural  Antiquities  of  Norfolk.     Folio,  60  plates. 
———  Architectural  Antiquities  of  Normandy.     2  vols,  folio,  1820-1. 
Cresy,  Edw.,  and  G.  L.  Taylor.     The  Architecture  of  the  Middle  Ages  at  Pisa,  from 

Drawings  and  Measurements  in  1817,  accompanied  by  descriptive  Accounts  of  their 

History  and  Construction.     Imp.  4to.    London*  1 828-9. 
Dallaway,  Rev.  James.     Observations  on  English  Architecture.    Roy.  8vo.  Lond.  1806. 

Notices  of  ancient  Church  Architecture  in  the  Fifteenth  Century.    4to.  18^4. 

Discourses  on  Architecture.     8vo,    London,  1833. 

Ducarel.     Anglo-Norman  Antiquities.     Plates,  folio. 

Dugdale,  W.     History  of  St.  Paul's  Cathedral  in  London.     Folio,  1688. 

Gage,  J.     History  and  Antiquities  of  Hengreave  in  Suffolk.     Royal  4to.  plates,  1822. 

Gough.     Sepulclural  Monuments  in  Great  Britain.      Folio,  5  vols.    London,  1796. 

Grose,  Captun.     Essay  on  Gothic  Architecture.    8vo. 

Habershon,  M.     Ancient  half-timbered  Houses  of  England.     4to.    London,  1836. 

Halfpenny,  J.     Gothic  Ornaments  in  the  Cathedral  of  York.     4to.  105  plates,  1795. 

— -  Fragmenta  Vetusta ;  or,  Remains  of  ancient  Buildings  in  York.     Royal  4to. 

34  plates,  1807. 
Hall,  Sir  J.     Essay  on  the  Origin,  History,  and  Principles  of  Gothic  Architecture. 

4to.  59  plates,  1813. 
Hawkins,  J.  a     Origin  and  Establishment  of  Gothic  Architecture.     PUtes,  large  8vo. 

1813. 
King's  Monumenta  Antiqua.     4  vols,  folio,  plates.     London,  1799. 
Langlois,  E.  H.     Description  Historique  des  Maisons   de  Rouen.     8vo.  with  plates. 

Paris,  1821. 
Lusson,  A.  L.     Specimen  d' Architecture  Gothique ;  ou  Plans,  Coupes,  Elevations  de  la 

Chapelle  du  Chateau  de  Neuville.     Folio,  17  plates.    Paris,  1839. 
Mackenxie  and  Pugin.     Specimens  of  Gothic  Architecture,  consisting  of  Doors,  Win- 
dows, Buttresses,  Pinnacles,  &c.     4to.  62  plates. 
Milan.     Nuovo  Descrizione  del  Duomo  di  Milano,  &c.      8vo.  plates.   Milano,  1820. 
Miller,  G.     Description  of  tiie  Cathedral  Church  of  Ely,   with  some  Account  of  the 

Conventual  Buildings.     1808. 
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Milner,  J.     IVmUm  on  the  Eccleiri— ricul  ArahitoeCure  of  Eaghnd.    Royal  8to.  plates. 

London,  1835. 
Moller,  O.     Monumens  de  rArehitecture  AUemande.     Folio»  DarauCadt,  1836. 
Pugin,  A.     Specimens  of  Gothic  Architecture,  selected  from  Tarious  aneieBt  £di6ecB 

in  England.     4to.  plates,  2  vols.     London,  1 83S. 

Examples  of  Gothic  Architecture.     3  vols.  4ta  8S4  plates.    London,  1836. 

— ^^  Examples  of  Gothic  Ornaments.     4to.  90  pUtes,  1839. 

Examples  of  Gothic  Gables.     4to.  SO  plates,  1839. 

^—-^  Specimens  of  Anglo-Norman  Architecture.     4to.  80  plates,  1886. 

Shaw,  H.     Series  of  Details  of  Gothic  Architecture,  selected  from  Tarious  CTathedrals, 

Churches,  &c.     Folio.     London,  1 883. 
Smith,  J.     Specimens  of  ancient  Carpentry.     4to.  36  plates. 
Vetusta  Monumenta :   published  by  the  Society  of  Antiquaries  of  London.     6  vdla. 

large  folio. 
Warton,  Rev.  T.     Essay  on  Gothic  Architecture.     Bro, 

Whittington,  G.  D.     Ecclesiastical  Antiquities  of  France.     Large  8vo.    London,  1811. 
Wild.     Cathedral  Church  of  Lincoln.     4to.     London,  1838. 
Willement,  T.     Regal  Heraldry.     London,  1881. 
Winkles,  B.     English  Cathedrals.     8  toIs.    London,  1837. 
Woolnoth.    Ancient  Castles.     8  vols,  large  8vo.     London,  1885. 

V.  MoDsav  FoauGM  AacHiTKcrnaa. 

Blondel,  J.  B.    Plan,  Coupe,  Elevation,  et  Details,  du  nouveau  March^  St  Germain. 

Folio.     Paris,  1816. 
Bonanni,  P.  P.     Templi  Vatieani  Historia.     Folio.     Romae,  1696. 
Brogniart,  A.  T.     Plans  du  Palais  de  la  Bourse  de  Paris  et  du  Cim^tite  Mont  Louis. 

Folio.     Paris,  1814. 
Calletet  Lesueur     Architecture  Italienne;  ou  Palais,  Maisons,  et  autres  Edifices  d*Italie. 
Cioogiutfa,  L.    Le  Fabbriche  piii  cospicue  di  Venezia,  nusurate,  illustrate,  ed  intagliate. 

8  Yols.  large  folio.    Venes.  1815. 
Clochar,  P.     Palais,  Maisons,  et  Vues  d'ltalie.     Folio,  108  plates.     Paris,  1809. 
Costa,  G.     Delizie  del  Fiume  Brenta,  espresse  ne*  PaUosi  e  Casini  situate  sopra  le  sue 

Sponde.     Folio.    Venezia,  1750. 
Dumont    (Euvres  d* Architecture ;  contenant  les  D^tuls  de  St.  Pierre  de  Rome.     Folio. 

Paris. 
DuvaL     Fontaines  de  Paris.     Folio.     Paris. 

Fontana,  C.     Templum  Vaticanum,  et  ipsius  Origo.     Folio.     RomsB,  1694. 
Gauthier,  M.  P.     Les  plus  beaux  Edifices  de  la  Ville  de  G^nes  et  de  ses  EnTirons. 

Folio.      Paris,  1884—1830. 
Gran4jean  de  Montigny  et  A.  Famin.     Architecture  Toscane.     Folio,  73  plates.    Paris, 

1837. 
Gwilt,  Joseph.     Notices  of  the  Buildings  of  Architects  of  Italy.     8to.     London,  1818. 
Hittorff,  J.,  et  L.  Zanth.     Architecture  Modeme  de  la  Sicile.     Imperial  folio,    Paris, 

1885—1839. 
Klenze,  L.     Von  Sammlung  Architectonischer  Entwurfe.     Folio.     Mimchen. 
Krafft,  J.    C.     Recueil  d* Architecture  civile,  contenant  les    Plans,    Coupes,   et  Ele- 
vations des  Chateaux,  Maisons  de  Campagne,  et  Habitations  rurales.     Folio.     Paris, 

1809. 
Legend,  J.  G.,  et  C.  F.  Landon.     Description  de  Paris  et  de  ses  Edifices.     3  vols. 

Paris,  1806. 
Letarouilly,  P.     Edifices  de  Rome  Modeme.     Folio.    Paris,  1 889. 
Moisy,  M.     Fontaines  de  Paris,  anciennes  et  nouvelles,  par  DuvaL     FoUo,  59  plates. 

Paris,  1818. 
PaUadio,  A.    Les  Batimens  et  D^sseins  recueill^  et  illustr^s,  par  Ottavio  Bertotti  Se»- 

mozzi.     In  French  and  Italian.     4  vok.  folia     Vioenza,  1 787. 
■    ■   L'Architectura  di.     Venezia,  1648. 
Patte,  P.     Etudes  d* Architecture.     4to.  plates.     Paris,  1755. 
Pieraccini,  F.     La  Piazza  del  Granduca  di  Firenae  co*  suoi  MonumentL     Folio,  platesL 

Firenze,  1830. 
Percier  et  Fontune.     Choix  des  plus  cel^bres  Maisons  de  Plaisance  de  Rome  et  de  ses 

Environs.     FoUo.     Paris,  1884. 
Rossi,  G.  J.     RaoooltA  di  Fontane  nel  alma  CittiL  di  Roma,  Tivoli,  e  FVaacati.     4to. 

Rome. 
Sanmichele,  M.    Porte  di  Citta  e  Fortezze,  Depositi  sepolchrali,  ed  altre  principali  Fab- 
briche pubbliche  ed  private,  da  F.  Albertolli.     Imperial  folio.     Milan,  1815. 
Schinkel.       Sammlung    Architectonischer   Entwurfe.       hugt  oblong  folia     Berlin, 

1819—1838. 
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Suys,  F.  T.,  et  L.  P.  Handebourt.  Fialab  Mammi  k  Rome;  Plana,  Coupes,  El^ations, 
Profiles,  Voutes,  Plafonds,  &c.     43  plates.    Paris. 

VI.  MoDKRN  Ekoush  Architxctors. 

Adam,  W.      VttruTius   Scoticus;    a  Collection  of  public  and  pmate   Buildings   in 

Scotland.      Folio,  160  plates.    Edinburgh. 
Brettingham,  M.     Plans,  Elevations,  and  Sections  of  Holkham,  in  Norfolk.     Folio, 

1769. 
Campbell's,  C,  Vitnivius  Britannicus.     5  vols,  folio;  the  two  last  being  a  Continuation 

by  Woolie  and  Gandon.     1 731  —1 771 . 
Chambers's,  Sir  W.,  Plans,  Elevations,  Sections,  &c.  of  the  Gardens  and   Buildings  at 

Kew.     London,  1757. 
Gibbs's,  J.,  Book  of  Architecture,  containing  St  Martin's  Church.     Large  folio.    Lon- 
don, 1728. 

Designs  for  the  Radclyffe  Library.     Folio.     London,  1 747. 

Goldicutt,  J.     Heriot's  Hospital,  Edinburgh,  the  Design  of  Inigo  Jones.     Folio,  8 

plates.     London,  1 8S8. 
Jones,  Inigo.     Designs  for  public  and  private  Buildings,  by  Kent.     Folio.     London, 

1770. 
Lewis,  James.     Original  Designs  in  Architecture,  consisting  of  Plans,  Elevations,  and 

Sections  of  various  public  and  private  Buildings  in  England  and  Ireland.     2  vols. 

folios  61  plates,  178(>— 1797. 
Mitchell,  R.     Plans  and  Views  in  Perspective,  with  Descriptions  of  Buildings  erected  in 

England  and  Scotland.     Folio,  18  plates,  1801. 
Paine,  J.     Plans,  Elevations,  &c.  of  Noblemen's  and  Gentlemen's  Houses  in  various 

Counties.     Folio,  175  plates.     London,  1783. 
Richardson,  G.     New  Vitnivius  Britannicus.     2  vols,  folio.    London,  1802. 

VII.  Rural  Architxctore. 

Architecture  Rurale,  Th^rique  et  Pratique,  a  T  Usage  des  Propri^taires  et  des  Ouvriers 

de  la  Campagne.     8vo.  11  plates.     Toulouse,  1820. 
Aikin,  E.     Deugns  for  Villas  and  other  Rural  Buildings.     4to.     London,  1 835. 
Gandy,  J.     Rural  Architect,  consisting  of  various  Designs  for  Country  Buildings.  4  to. 

42  plates.    London,  1 805. 

>  Designs  for  Cottages,  Cottage  Farms,  and  other  Buildings ;  including  Entrance 

Gates  and  Lodges.     4to.  43  plates.     London,  1805. 
Goodwin,  F.     Rural  Architecture.     2  vols.  4to.     London,  1835. 
^— '^  Designs  of  Peasants'  Cottages,  Gate  Lodges,  small  Dairy  Farm  Houses,  &c.  4to. 

London,  1833. 

Supplement  to  Cottage  Architecture.     London,  1835. 


Krafft,  J.  C.  Plans  des  plus  beaux  Jardins  IHttoresques  de  France,  d'Angleterre,  et 
d'Allemagne,  et  des  Edifices,  Monumens,  Fabriques,  &c.,  qui  concourent  k  leur  Em- 
bellisseraent,  dans  tons  les  Genres  d' Architecture.     2  vols,  oblong  4to.     Paris,  1809. 

Loudon,  J.  C.  Encyclopaedia  of  Cottage,  Farm,  and  Villa  Architecture.  8vo.  London, 
1839. 

Malton,  J.     Essay  on  British  Cottage  Architecture,     Large  4to.     London,  1804. 

Morel- Vind^  le  Vicomte  de.  Essai  sur  les  Constructions  Rurales  Economiques ;  con- 
tenant  leurs  Plans,  Coupes,  Elevations,  Details,  et  Devis.     Folio.     Paris,  1824. 

Normand,  C.  Recueil  vari6  de  Plans  et  de  Fafades  Motifs  pour  des  Maisons  de  Ville 
et  de  Campagne.     Folio,  53  plates.     Paris,  1815. 

Papworth,  J.  B.  Rural  Residences ;  a  Series  of  Designs  for  Cottages,  decorated  Cot- 
tages, small  Villas,  &c.     London,  1832. 

Robinson,  P.  F.  Rural  Architecture ;  or  a  Series  of  Designs  for  Ornamental  Cottages. 
4to.  96  plates.     London,  1823. 

■  Deugns  for  Ornamental  Villas.     4to.     London,  1 837. 

— ^—  Designs  for  Village  Architecture.     4to.    London,  1837. 

< Designs  for  Farm  Buildings.     4to.    London,  1837. 

Soane,  J.  Sketches  in  Architecture ;  containing  Plans  and  Elevations  of  Cottages, 
Villas,  and  other  useful  Buildings.     Folio,  43  plates.    London,  1798. 

VIIL  Theatres. 

Amaldi,  Conte  Enea.     Idea  di  un  Teatro  nelle  prindpali  sue  Parti  simile  a'  Teatri 

Antichi  all'  Uso  modemo  accomodato.     4to.     Vicenza,  1 762. 
Beccesa,  T.  C.     SuU'  Architettura  Greco- Romana  applicata  alia  Costruzione  del  Teatro 

modemo  Italiano  e  suUe  Macchine  Teatrali.     Folio.     Venezia,  1817. 
Bonnet,  A.,  et  J.  A.  Kaufmann.  Architectonographie  des  Th^&tres  de  Paris,  ou  Parall^le 
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Hittoriqve  et  Critique  de  oea  Edifices,  oonrider^KNM  )e  lUpport  de  rArchiteetaie  ct 

de  la  Decoration.     S  toIs.  8yo.  4  atlas  of  plates.     Paris,  1837. 
Borgnis,  J.  A.     Des  Machines  Imitatives  et  des  Machines  Teatrales.     4to.  27  plates. 

Paris,  1820. 
Boallet     Essai  sur  I'Art  de  construire  les  Th^tres,  lean  Machinesi  et  leuis  Mowe- 

mens.     4 to.  plates.     Paris,  1801. 
Desorisioae  del  Nuovo  Sipario  dell*  Imperiale  lUgio  Teatro  della  Seala  in  Milano.    Small 

folio.     Milano,  1821. 
Dumont     Parall^le  de  Plans  des  Salles  de  Spectacle  d'ltalie  et  de  France,  avec   des 

Details  de  Machines  Teatrales.     Imperial  folio,  61  plates.     Paris,  1774. 
Fontanesi,  C  F.     Decorations  for  Theatres ;  or  Designs  for  Scene  PainteK.      Oblonig 

folio,  24  plates,  1813. 
Galliari.     Decorations  de  Thtttre.     Folio,  S4  plates.     Milan. 
Giorgi  Felice.     Desorisione  Istorica  del  Teatro  di  Tor  di  Nino.     4to.  9  plates.     R4Mne, 

1795. 
Landriani,  P.     Osservaxioni  sui  Defetti  prodotti  nei  Teatri  dalla  cattiva  Coatruziooe 

del    Palio  Soenico,  e  su  alcune  Inavrertenxe   nel  dipingere  le  DeoonudooL     4to. 

9  plates.     Milano,  1815. 
Louis,  M.     Salle  de  Spectacle  de  Bourdeaux.     Atlas  folio^  82  plates,  containing  plans 

of  several  other  theatres.     Paris,  1 782. 
Morelli,  Cos.     Pianta  e  Spaccato  del  miovo  Teatro  d'Imola.     Folio,  19  plates.     Roma, 

1780. 
Patte,  P.     Essai  sur  TArchitecture  Th^atrale.     8vo.     Paris,  1782. 
Saunders,  G.     Treatise  on  Theatres.     4to.  13  plates.     London,  1790.     Of  little  value. 
Schinkd.     Theatre  *t  Hamburg.     6  plates,  Berlin.    1828. 
Ware,  S.     Remarks  on  Theatres,  and  <m  the  Propriety  of  vaulting  them  with  Brick  and 

Stone.     8yo  plates.     London,  1809. 
Wyatt,  B.     On  the  rebuilding  of  Drury  Lane  Theatre.     4to.  plates.     London,  1812. 

IX.  Bridgxs. 
Anselin,  N.  J.  B.  Experiences  sur  la  Main  d'CEuvres  de  differens  Trayaux  dependans  du 

Service  des  Ingcnieurs  des  Ponts  et  Chaussto,  &c.     4to.    Boulogne,  1810. 
Atwood,  G.     Dissertation  on  the  Construction  and  Properties  of  Arches.    4to.    1801 — 

1804. 
Aubry.     M^oire  sur  la  Construction  d*un  Pont  de  Bois  de  450  Pieds  d*  Ouverture 

d*  un  seul  Jet,  &c.     4to.     Paris,  1790. 
Blackiriars'  Bridge.  7  plates  of  the  machines  used  in  its  construction,  and  the  coitring 

of  the  middle  arch.     Oblong  folio. 
Boistard,  L.  C.     Recueil  sur  les  Ponts  de  Nemours,  &c.     4to.  19  plates.    Paris,  1822. 
Emmery,  H.  C.     Pont  d'lvry  en  Bois,  sur  Piles  en  Pierre,  traversant  la  Seine  pres  du 

confluent  de  la  Marne.     2  vols.  4to.  plates.     Paris,  1 832. 
Exchaquet     Dictionnairc  des  Ponts  et  Chauss^es.     8vo.  12  plates.     Paris,  1787. 
Gauthey.     Traits  de  la  Construction  des  Ponts ;  M^moires  sur  les  Canaux  de  Na. 

vigation,  &c.  public  par  M.  Navier.     3  vols.  4to.  plates.     Paris,  1816 

autier,  H.   Trait^  de  la  Construction  des  Ponts  et  Chauss^.  8vo.    Paris,  1721 — 1765. 

oury,  G.     Recueil  d'Observations,  M^moires,  et    Projets,  concemant  la  Navigation 

Int^ieure.     2  tomes  4to.  avec  un  atlas  de  planches.     Paris,  1827. 
Gwilt,  Joseph.    On  the  Rebuilding  of  London  Bridge.    8vo.  with  1  plate.    London,  1823. 

Treatise  on  the  Equilibrium  of  Arches.     8vo.  plates.     London,  1826. 

The  editions  of  a  later  date  are  spurious,  being  without  additions  or  corrections  by 
the  author. 
Hutton,  C.     Principles  of  Bridges.     8vo.   1 772. 
Le  Sage,  P.  C.    Recueil  de  divers  M^oires  des  Ponts  et  Chaussies.    2  tom.  4to.  Paris, 

1810. 
Milne,  J.     Theory  and  Principles  of  Bridges  and  Piers.  8vo.  36  plates.  London,  1806. 
Navier.     M^moire  sur  les  Ponts  Suspendus.     4to.     Paris,  1 830. 
Perronet,  (Euvres  de.     4to.  plates.     Atlas  folio.     Paris,  1 793. 
Polonceau,  A.  R.     Notice  sur  la  nouveau  Systeme  de  Ponts  en  Fonte,  suivi  dans  la 

Construction  du  Pont  du  Carousel.     4to.     Atlas  folio,  plates.     Paris,  1 839. 
Pont  en  Pierre  a  construire  sur  la  Seine  k  Rouen.     4 to.  plates.     Paris,  1815. 
Prony,  M.  de.     Nouvelle  Architecture  Hydrauliqne.    2  vols.  4to.  plates.    Paris,  1790. 
Regemortes,  M.  de.     Description  du  nouveau  Pont  de  Pierre  construit  sur  la  Ririere 

d'AUier  k  Moulins.     Folio.     Puris,  1771. 
Rondclet,  A.     Essai  Histdrique  sur  le  Pont  de  Rialto.     4to.  plates.    Paris,  1837. 
Seaward,  J.     Observations  on  the  Rebuilding  of  London  Bridge.    8vo.  plates.     London, 

1824. 
Seguin,  Ain6.    Des  Ponts  en  Fil  de  Fer.     8vo.  plates.     Paris,  1824. 
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Telford,  T.     Reports  on  the  Holyhead   Roads,  Harbour,  Bridges,  &c.     Folio,  with 

plates.     London,  1822. 
Vicat     Description  du  Pont  Suspendu  construit  sur  la  Dordogne  k  Argental.     4to, 

plates.     Paris,  1830. 
Ware,  S.     Treatise  on  the  Properties  of  Arches,  and  their  Abutment  Piers.     London 

1809. 
Wiebeking,  Le   Chevalier.     Archlteotuie  Hydraulique  fond^  sur  la   Th6orie  et  la 

Pratique.     4  vols.  4to.    Atlas  vol.  of  plates.     Munich,  1814^— 1824. 

X.    ELEMBKTAaT  AMD  PaACTICAL  WoKKS. 

Alberti,  Leo  Bapt.    Libri  de  Re  JEdificatoria.    Decern  folio,  1st  edit.    Florence,  1485 

Reprinted  in  4to.    Paris,  1512. 

— ; Translated  into  Italian  by  Pietro  Lauro.   Small  4to.  Vemce,  1546. 

Translated  into  Italian  by  Cosimo  Bartoli.    Folio.     Florence,  1556. 

Translated  into  English  by  Leoni.    Folio.    London,  1726 — 1755 ;  and  Bologna, 

1782. 
Androuet  du  Cerceau.    Livre  d* Architecture.     Folio,  50  plates.    Paris,  1662. 
Antoine,  J.     Trait^  d' Architecture.     4to.  plates.     Treves,  1768. 
Aviler,  d',  C.  A.     Cours  d* Architecture.     4to.  Paris,  1760. 
Barlow,  P.     Ti«atise  on  the  Strength  of  Timber,  Cast  Iron,  Malleable  Iron,  and  other 

Materials,  &c     8vo.      London,  1837. 
Baroni,  Vignola  di.     CEuvres  compUtes.     Folio.     Paris,  1823. 

Ordini  d*Architettum  Civile.     4to.  44  plates.    Milano,  1814. 

Bartholomew,  Alfred.     Specifications  for  Practical  Architecture,  preceded  by  an  Essay 

on  the  Decline  of  Exc«dlence  in  the  Structure,  and  in  the  Science  of  Modem  English 

Buildinfls.     Large  8vo.  160  illustrations.    London,  1840. 

This  is  one  of  the  most  valuable  works  to  the  English  practical  architect  that  has 
ever  appeared. 
Blondel,  J.  F.     Cours  d' Architecture.     9  torn.  8va  300  plates.     Paris,  1771--1777. 
Borgnis,  J.  A.     Trait^  El^roentaire  de  Construction  appliqu^e  k  TArchitecture  Civile. 

2  tom.  4to.  SO  plates.     Paris,  1823. 
Bruyere,  L.     Etudes  relatives  A  I'Art  des  Constructions.     Folio.    Paris,  1823. 
Bullet.     Architecture  Pratique.     8vo.  plates.     Paris,  1774. 

By  Masois.     Paris,  1824. 

Calderari,  C.     Opere  di  Architettura.     2  tom.  folio,  90  plates.     Vicenza,  1 800. 
Chambers.      IVcAtise  on  the  Decorative  Part  of  Civil   Architecture,  with  Essay  on 

Grecian  Architecture,  and  other  Additions  by  Joseph  Gwilt     2  vols.  imp.  8vo.  66 

plates.      London,  1823. 
Clerc,  Sb  Le.     Treatise  on  Architecture,  translated  by  Chambers.     2  vols.  8va  and  vol. 

of  plates.     London,  1732. 
Detoumelle.     Recueil  d* Architecture.     Folio,  60  plates.     Paris,  1805. 
Douliot,  J.  P.     Trait£  special  de  Coupe  des  Pierres.     2  tom.  4to.    Paris,  1825. 
Durand,  J.  N.  L.     I^e^ons  d' Architecture.     2  tom.  4to.  plates.     Paris,  1819. 

Partie  Graphique  des  Cours  d*  Architecture.  4to.  34  plates.    Paris,  1821. 

Elmes,  J.     On  Dilapidations.    8vo.    London,  1829. 

Evelyn's,  J.,  Ancient  and  Modem  Architecture.     Folio.     London,  1680. 

Parallel  of  Ancient  and  Modem  Architecture :  translated  from  R.  F^reart.  Folio, 

plates.    London,  1723. 
Farraday,  Prof.     On  the  practical  Prevention  of  Dry  Rot  in  Timber.     8vo.    London, 

18.S6. 
Felibien,  M.  Principes  de  1*  Architecture,  de  la  Sculpture,  et  de  la  Peinture.  4to.   plates. 

Paris,  1697. 
Frezier.  Theorie  et  lu  Pratique  de  la  Coupe  des  Pierres  et  des  Bois.  3  vols.   4io.  plates. 

Paris,  1757. 
Foumeau,  H.     Art  du  Trait  de  Charpenterie.     4  vols,  folio,  87  plates.    Paris,  1820. 
Grauthey,  E.  M.     Dissertation  sur  les  Degradations  survenues  auz  Fillers  du    D6me 

du  Pantheon,  et  sur  les  Moyens  d'y  remedier.     4to.  plates.     Paris,  1798. 
Goldman,  Architecture  of.,  by  L.  C  Sturms;  the  text  in  the  German  language.    1714. 
Gwilt,  Joseph.     Sciograpby ;  or  Examples  of  Shadows,  with  Rules  for  their  Projection, 

for  the  Use  of  Architectural  Draughtsmen,  and  other  Artists.    8vo.  24  plates.  London, 

1824. 

■         Rudiments  of  Architecture,  Practical  and  TheoieticaL      Royal    8va    plates. 

London,  1826. 
Halfpenny,  W.     Architecture  delineated.     4to.  45  plates.     London,  1749. 

Art  of  Sound  Building.     Folio.     London,  1725. 

Higgins,  R.     Art  of  composing  and  applying  Calcareous  Cements,  end  of  preparing 

Quicklime.     8vo.    London,  1780. 
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Tnman,  W.     On  Ventilation,  Warming,  and  the  TransminioD  of  Sound ;  with  notes. 

London,  18S6. 
KraflV,  J.  C.    Recueil  d*  Architecture  Civile,  contenant  les  Plana,  Coupes,  et  EleTatioos 

des  Chateaux,  Maiaons  de  Campagne,  et  Habitations  Rurales,  &c.     Folio,  121  plates. 

Paris,  1812. 

Traite  sur  T  Art  de  la  Charpenterie ;  Plans,  Coupes,  et  fil^Tationa,  de 


Productions.     Folio.     Paris,  182a 
Laugier,  P.     Essai  sur  1*  Architecture.     8to.     Paris,  1 755. 
Ledouz,  E.  N.     L* Architecture  consider^e  sous  le  Rapport  de  TArt,  des  Moeurs,  et 

de  la  Legislation.     Imperial  folio,  platesL     Paris,  1 789. 
L*Eveill^  C.  J.     Considerations  sur  les  Frontons.     4to.     Paris,  1824. 
Le  Grand  Essai  sur  THistoire  Generale  de  1*  Architecture.     8vo.    Paris,  1819. 

This  is  the  text  to  Durand's  Paralleie. 
Lorme,   Philibert  de.     (Euvres  d* Architecture.     Folio,  2  vols,  in  1.     Paris,  1626 ; 
Rouen,  1648. 

The  first  edition,  the  Treatise  on  Architecture,  in  9  books,  was  published  in  Paris,  1 567. 
The  tenth  book  on  Carpentry,  entitled,  **  Nouvelles  Inrentions  pour  bioi  Battr  et  a 
petit  Frais,**  was  published  in  folio.     Paris,  1561—1568  and  1576. 
Loudon,  J.  C.     Architectural  Magazine.     5  vols.  8vo.     London,  1838. 
Malton,  T.     Complete  Treatise  on  Perspective.     Folio,  2  vols.    London,  1778. 
-,  J.     Young  Painter's  Maulstick.     4to.  plates.     London,  1806. 


Mandar.     Etude  d' Architecture  Civile;  ou  Plans,  Elevations,  Coupes, et  Details 

saires  pour  elever,  distribuer,  et  decorer  une  Bfoison  et  ses  D^endances.     Imperial 

folio,  122  plates.     Paris,  1830. 
Manetti,  G.  A.     Studio  degli  Ordini  d*Arcbitettura.     Folio,  25  plates.     Firenxe,  1808. 
Mesauge,  M.     Traits  de  Charpenterie  et  des  Bois  de  toutes  Esp^oes.     2  torn.     Paris, 

1753. 
Mitford,  N.     Principles  of  Deagn  in  Architecture  traced  in  Observations  on  Buildings 

(published  anonymously).     8vo.     London,  1819. 
Nicholson,  P.     Principles  of  Architecture.     8vo.  3  vols,  plates.     London,  1836. 

Architectural  Dictionary.     2  vols.  4to.     London,  1819. 

Carpenter  and  Joiner's  Assistant,     4  to.    London,  1815. 

Carpenter's  new  Guide.     4to.     London,  1819. 

Practical  Treatise  on  the  Art  of  Masonry  and  Stone-cutting.      8va    London, 

1832. 

Noble,  J.     Professional  Practice  of  Architects,  and  that  of  Measuring  Surveyors,  and 

Reference  to  Builders.     8vo.     London,  ]83(^. 
Normand,  C.     Nouveau  Paralleie  des  Ordres  d* Architecture  des  Grecs,  des  Romains,  et 

des  Auteurs  modemes.     Folio,  63  plates.     Paris,  181 9. 
Nosban.     Manuel  du  Menuisier.     2  torn.  12mo.  plates.     Paris,  1827. 
Pasley,  Col.  C  W.     On  Limes,  Calcareous  Cements,  Mortars,  Stuccoes,  Concrete,  and 

Puzzolanas,  &c.     8vo.     London,  1838. 
Patte,  P.     M^moire  d' Architecture.     4to.     Paris,  1769. 

Perrault,  C.     Ordonnance  des  Cinq  Esp^oes  de  Colonnes.     Folio.     Paris,  1683. 
Pozzo,  Andrea.    Prospettiva  di  Pittori,  &c.    2  vols.  fol.  218  plates.   Roma,  1717 — 1737. 
Price,  F.     British  Carpenter.    4 to.  plates.     London,  1753. 

,  R.     On  Reversionary  Payments ;  by  Morgan.     2  vols.  8vo.    London,  1803. 

Rondelet,  J.     Traits  Th^orique  et  Pratique  de  TArt  de  B&tir.      5  torn.  4to.  and  foL 

vol.  of  207  plates.     Paris,  1835. 

M^moire   Historique  sur    le    Dome  du   Pantheon    Franfois.      4to.   plates. 

Paris,  1814. 

M^moire  sur  la  Reconstruction  de  la  Coupole  de  la  Halle  au  Bie  de  Paris. 


4to.  plates.    Paris. 

Scamozzi,  V.     L'Idea  dell'  Architettura  Universale.     2  vols.  fol.     Venet.  1615. 
Serlio,  Seb.,  Architettura  dL     4to.    Venet,  1567. 

Simonin.     Traite  Eiementaire  de  la  Coupe  des  Pierres.     4to.    Paris,  1 792. 
Sturm,  L.  C.   Prodromus  Architecturae  Goldmanniae.    Oblong  folio.   Nuremberg,  1714. 
Tredgold,  T.     Elementary  Principles  of  Carpentry,  by  Peter  Barlow.     4to.  50  plates. 

London,  1840. 
Toussaint,  C.  J.     Traite  de  Oeometrie  et  d' Architecture  Theorique  et  Pratique  sim« 

plifie.     4vols.4to.     Paris,  1811-12. 
TumbuU,  W.     Essay  on  Construction  of  Cast  Iron  Beams.     8vo.     London,  1833. 
Vltruve,  traduit  par  C.  Perrault.     Folio,  plates.     Paris,  1 684. 
Vitruvii  de  Arclutectura  notis  Variorum  a  J.  de  Laet.     Folio.    Amst  1649. 
Vitruvio,  I'Architettura  di,  tradotta  ed  oomentata  da  B.  GalianL     Folio.    Siena,  1790. 
Vitruvio,  trad,  et  coment  da  Barbaro.     Folio,  wood-outs.    Venezia,  1556. 
Vitruvius,  Architecture  of,  translated  by  J.  Gwilt.     Imperial  8vow     London,  1826. 
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Wiebeking,  le  Cheyalier  de.  Architecture  Civile,  Th^rique,  et  Pratique,  enrichi  de 
I'Histoire  deseriptiye  des  Edifices  anciennes  et  modemes  les  plus  remarquables. 
7  vols.  4to.,  260  pUtes,  Urge  folio.     Munich,  182S. 

XL  Oanaxxxts. 
AlbertollL     Corso  Elementare  di  Omamenti  Architettonici.      Folio,  28  pUtes.    Milan, 

1805. 
Architectural  Ornaments.      A   Collection  of  Capitals,   Friezes,   Roses,   Entablatures, 

Mouldings,  &c.  drawn  on  Stone  from  the  Antique.     100  plates.    London,  1824. 
Beauvallet,  P.  N.      Fragroens  d* Architecture,  Sculpture,  et  Peinture  dans  le  Style 

Antioue.     Paris,  1 804. 
Choiz  des  Monumens  les  plus  remarquables  des  Anciens  Egyptiens,  des  Persans,  des 

Grecs,  des  Volsques,  des  Etrusques,  et  des  Romains,  oonsistans  en  Statues,  Bas-Rdiefi^ 

et  Vases.     2  torn.  fol.  244  plates.     Rome,  178a 
Colette,  J.     Livre  de  diyera  Omemens  pour  Plafonds,  Cintres,  Surboiss^es,  Galeries. 

Folio^  10  plates.     Paris. 
Columbani,  P.     Capitals,  Frieies,  and  Cornices,  &c.     4to. 
Fowler,  W.      Collection   of  Mosaic,   Roman  and  Norman  tesselated  Parements  and 

ancient  stained  Glass  discovered  in  different  parts  of  England.     Elephant  iblio  sixe. 

Published  at  various  times. 
Gli  Omati  delle  Pareti  ed  i  Pavimenti  delle  Stanse  dell'  Antica  Pompeia.     Atlas  folio, 

21  plates.     Napoli,  1796. 
Jalembier,  C  A.     Principes  d*Omemena  pour  TArchitecture.     40  pUtes.     Paris. 
Jombert,  C.  A.     Repertoire  des  Artistes ;  ou  Recueil  de  Compositions  d*  Architecture  et 

d'Omemens,  antiques  et  modemes,  de  tout  Espdee,  par  divers  Auteurs.     2  vols,  folio. 

Paris,  1765. 
Le  Noir,  A.     Nouvelle  Collection  d*  Arabesques  propres  k  la  Decoration  des  Ap- 

partcmens  deasinte  k  Rome  par  L.  Poussin.    4to.   Paris. 
Le    Pautre.     CEuvres  d*  Architecture ;   contenant  les    Frises,   Feuillages,  Montana  ou 

Pilastres,  Grotesques,  Moresques,  Parmeaux,  Placarts,  Trumeaux,  Lansbris,  Amor- 

tissemens.  Plafonds,  et  g&i^ralement  tout  ce  qui  conceme  TOmement.     S  torn,  folio. 

Paris,  1751. 
Moreau,  C.     Fragmens,  et  Omemens  d'Architecture  deasin^  i  Rome  d'apr^  L* An- 
tique, formant  un  Supplement  k  TCEuvre  d'Architecture  de  Desgodetz.     Large  folio^ 

36  plates.     Paris. 
Normand,  C     Nouveau  Recueil  en  divers  Genres  d'Omemens,  et  autres  Objets  propres 

4  la  Decoration.     Folio,  46  plates,  Paris,  1803. 
Percief,  C.  et  P.  F.  L.  Fontaine.    R^ueil  de  Decorations  Int^rieures,  comprenant  tout 

ce  qui  a  rapport  a  TAmeublement.     Folio^  72  plates.    Paris,  1812. 
Pergolesi.     Ornaments.     Large  folio,  30  plates.     1777. 
Piroli,  T.     Monumens  Antiques  du  Mus^e  Napoleon.     4  tom.  4to.,  40  plates.    Paris, 

1804. 
Recueil  d' Arabesques ;   contenant  les  Loges  du   Vatican,  gravdes  d'apr^  Raphael  et 

grand  Nombre  d'  autres  Compositions  du  mdme  Go(kt  dans  le  Style  Antique,     liarge 

folio,  Paris,  1802. 
Tatbam,  C  H.     Grecian  and  Roman  Ornaments.     Folio,  101  plates.     London,  1825. 
Volpato.     Engravings  of  the  Ornaments  of  the  Vatican. 
VuUiamy,   L.     Examples  of  Ornamental   Sculpture  in  Architecture,   containing  40 

plates,  imp.  folio.     London,  1828. 

AacBXTaAVs.  (Gr.  hpx^tv,  to  govern,  and  Lat  TVabs,  a  beam.)  The  lower  of  the  three 
principal  members  of  the  entablature  of  an  order,  being,  as  its  name  imports,  the  chief 
beam  employed  in  it,  and  resting  immediately  on  the  columns.  It  is  sometimes  called 
EpithfiiMm,  from  «iri,  upon,  and  <rrvAor,  a  column.  The  height  of  the  architrave  varied 
in  the  different  orders,  as  adso  in  different  examples  of  the  same  order.  See  GaxciAM 
AacHrrxcTuax,  page  58.  in  the  work ;  and,  for  its  usual  proportion,  the  orders  from 
Sect.  5.  to  Sect.  7.  Chap.  L  Book  IIL 

AacHrraAvx  Coavics.  An  entablature  consisting  of  an  architrave  and  cornice  only, 
without  the  interposition  of  a  friese.  It  is  never  used  with  columns  or  pilasters,  unless 
through  want  of  height     It  is,  however,  allowable.     See  p.  748. 

AacnnaAvx  or  a  Dooa  or  Window.  A  collection  of  members  and  mouldings  round 
either,  used  for  the  decoration  of  the  aperture.  The  upper  part,  or  lintel,  is  Mlled  the 
iraverge,  and  the  sides  the  jamb$.     See  Antxpagmbhta. 

AacHivoLT.  (Lat.  Arcus  volutus.)  The  ornamental  band  of  mouldings  round  the  voussoirs, 
or  arch-stones  of  an  arch,  which  terminates  horisontally  upon  the  impost  It  is  deco- 
rated, as  to  the  members,  analogously  with  the  architrave,  wluch,  in  arcades,  it  may  be 
said  to  represent     It  difSen  in  the  different  orders.     See  p.  721. 
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AftCHiTOLTaii.  In  meduevAl  architecture,  an  arehed  reeeptaeie  ibr  filth.  A  cwwpooi  or 
comnum  sewer. 

AacHWAT.  An  aperture  in  a  building  covered  with  a  vault  Usually  an  arched  passage 
or  gate  wide  enough  for  carriages  to  pass. 

A  EC  us  BccLasLO.  in  mediseval  architecture^  the  aroh  dlTiding  the  nave  of  the  church 
from  the  choir  or  chancel. 

A  ECUS  PaKSBYTBEXi.  lu  medisBTal  architecture,  the  arch  over  the  tribune  marking  the 
boundaries  of  its  recess. 

Aacus  Toa  A  us.  In  medieval  architecture,  the  lattice  separating  the  choir  from  the 
mive  in  a  basilica. 

AasA.  In  Architecture,  a  small  court  or  place,  often  sunk  below  the  general  surfiuse  of  the 
ground,  before  windows  in  the  basement  story.  It  is  also  used  to  denote  a  small  court 
even  level  with  the  ground. 

AacA.  In  Geometry,  the  superficial  content  of  any  figure.  See  Section  oa  MavsumA- 
Tioy,  p.  S78. 

AasNA.  The  central  space  in  a  Roman  amphitheatre^  wherein  the  gladiators  fought.  See 
AMPHiTHaATaa. 

Argbuus.    See  AacHiiacTs,  list  of,  19. 

AaiTHMvnc  and  ALGcaaA.     See  Book  II.  Chap.  I.  Sect.  1. 

A&MOURT.     An  apartment  destined  to  the  reception  of  instruments  of  war. 

Arnolfo.     See  AacHincTs,  list  of,  1 S5. 

AaoHADx.  Embattled;  a  junction  of  several  lines  forming  indentations  like  the  upward 
boundary  of  an  embattled  wall,  except  that  the  middle  of  every  raised  part  is  terminated 
by  the  convex  arch  of  a  circle,  which  arch  does  not  extend  to  the  length  of  that  part. 

Aaais  (probably  abbreviated  fitnn  the  Ital.  a  riwegOf  at  the  prqjection,  or  from  the  Sax. 
apipan,  to  arise).  The  intersection  or  line  on  which  two  surfiuses  of  a  body  forming  an 
exterior  angle  meet  each  other.  It  is  a  term  much  used  by  all  workmen  concerned  in 
building,  as  the  arris  of  a  stone,  of  a  piece  of  wood,  or  any  other  body.  Though,  in 
common  language,  the  edge  of  a  body  implies  the  same  as  arris,  yet,  in  building,  the 
word  edffe  is  restrained  to  those  two  surfoces  of  a  rectangular  parallelopipedal  body  on 
which  the  length  and  thickness  may  be  measured,  as  in  boards,  planks,  doors,  shutters, 
and  other  framed  Joinery. 

Aaais  FiLLXT.  A  slight  piece  of  timber  of  a  triangular  section,  used  in  raising  the  slates 
against  chimney  shafts,  or  against  a  wall  that  cuts  obliquely  across  the  roo^  and  in 
forming  gutters  at  the  upper  ends  and  sides  of  those  kinds  of  skylights  of  which  the 
planes  coincide  with  those  of  the  rooC  When  the  arris  fiDet  is  used  to  raise  the  slates 
at  the  eaves  of  a  building,  it  is  then  called  the  eavet*  board,  eavea*  lath,  or  eave$*  catek, 

Aaais  GuTTxa.     A  wooden  gutter  of  this  V  form  fixed  to  the  eaves  of  a  building. 

Arsenal.     A  public  establishment  for  the  deposition  of  arms  and  warlike  stores. 

ARTiricKE.  (Lat  Ars  and  Facio.)  A  person  who  works  with  his  hands  in  the  manufacture 
of  anything.  He  is  a  person  of  intellectual  acquirements,  independent  of  mere  opera- 
tion by  hand,  which  place  him  above  the  artitau,  whose  knowledge  is  limited  to  the  gweral 
rules  oi  his  trade. 

AsAEOTUX.  In  ancient  architecture,  a  species  of  painted  pavement  used  by  the  Romans 
before  the  invention  of  Mosaic  work. 

Ash.     The  Fraxinus  of  botanists.     See  Timbse,  Sect  on,  p.  4S6* 

AsHXLFT.     See  Aechitxcts,  list  o^  189. 

AsBLAE  or  AsHUBB.  (Ital.  Asoiare,  to  chip.)  Common  or  firee-stones  as  brought  firom 
the  quarry  of  different  lengths  and  thicknesses. 

Also  the  fiicing  given  to  square  stones  on  the  front  of  a  building.  When  the  work  is 
smoothed  or  rubbed  so  as  to  take  out  the  marks  of  the  tools  by  which  the  stones  wewe 
cut,  it  is  called  pkun  aahlar.  Tooled  aahiar  is  understood  to  be  that  whereof  the  surfiwe 
b  wrought  in  a  regular  manner,  like  parallel  flutes,  and  placed  perpendicularly  in  the 
building.  But  when  the  surfaces  of  the  stones  are  cut  with  a  broaid  tool  without  care 
or  regularity,  the  work  is  said  to  be  random-todUd,  When  wrought  with  a  narrow  tool, 
it  is  said  to  be  chUdkd  or  hoatUd,  and  when  the  surfiwe  b  cut  with  a  very  narrow  tool, 
the  ashlar  b  said  to  be  pointed.  When  the  stones  project  fit>m  the  joints^  the  ashlar  b 
said  to  be  rutdeated,  in  which  the  fiices  may  have  a  smooth  or  broken  snifrwe.  In 
superior  work,  neither  pointed,  chiselled,  nor  random-tooled  work  are  employed.  In 
some  parts  of  the  country  herring-bone  ashlar  and  herring-bone  random-tooled  ashlar 
are  used.  See  Masomet,  p.  518,  ef  teg. 
AsHLBEiMG.  In  carpentry,  the  short  upright  quartering  fixed  in  garrets  about  two  fret 
six  inches  or  three  feet  high  from  the  floor,  being  between  the  rafters  and  the  floor  in 
order  to  make  the  room  more  convenient  by  cutting  off*  the  acute  angle  formed  by  the 
rafters. 
Aspect.  (Lat  Aspicio.)  The  quarter  of  the  heavens  to  which  the  front  of  a  building 
faces.     Thus  a  front  tp  the  north  b  said  to  have  a  north  aspect* 
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AsrHALTOM.  A  bituminous  subatence  found  in  various  places  and  used  as  a  building 
material     See  Book  II.  Chap.  II.  Sect  12. 

Absbmblaob.  The  joining  or  uniting  several  pieces  together,  or  the  union  of  them  when 
so  joined.  Carpenters  and  joiners  have  many  modes  of  accomplishing  this,  as  by 
framing,  mortise  and  tenon,  dovetailing,  &c.  See  PaxcTirAL  CAarsNTaT  and  Joimbbt, 
p.  5S8,  et  seq. 

Assbvblaob  or  thb  Oansas.  The  placing  of  columns  upon  one  another  in  the  several 
ranges.     See  Ordbbs  upon  Obders,  Book  III.  Chap.  I.  Sect.  11. 

Astragal.  (Gr.  AtrrporyaXost  a  die,  or  buckle  bone.)  A  small  moulding  of  a  semicircular 
profile.  Some  have  said  that  the  French  call  it  talon,  and  the  Italians  tondino ;  but  this 
is  a  mistake,  for  the  term  is  properly  applied  only  to  the  ring  separating  the  capital 
from  the  column.  The  astragal  is  occasionally  cut  into  representations  of  beads  and 
berries.  A  similar  sort  of  moulding,  though  not  developed  in  its  profile  as  is  the 
astragal,  is  used  to  separate  the  frees  of  the  architrave. 

Atlantidbs.     See  Caryatdbs. 

Atrium.  In  ancient  Roman  architecture,  a  court  surrounded  by  porticoes  in  the  interior 
part  (^Homan  houses.  According  to  Scaliger  it  is  derived  from  the  Greek  citBptosp  exposed 
to  the  air.  By  some  it  has  been  considered  the  same  apartment  as  the  vettUnUe,  and 
Aulus  Gellius  intimates  that  in  his  time  the  two  words  were  confounded.  Sec,  how- 
ever, more  on  this  head  in  the  section  on  Roman  Architecture  in  the  body  of  the  work, 
p.  100. 

Attic,  or  Attic  Ordbr.  (Gr.  Arrucos,  Athenian ;  facetiously,  we  supposed,  derived,  in  the 
seventh  edit,  of  Encyo.  Brit.  art.  Arcuitbctcrx,  from  ftrcixoi',  without  a  wall,  which,  if 
true,  would  transform  all  objects  into  attic  things  if  detached  frxmi  a  walL)  A  low  order 
of  architecture,  commonly  used  over  a  principal  order,  never  with  colunms,  but  usually 
with  antse  or  small  pilasters.  It  is  employed  to  decorate  the  frpade  of  a  story  of  small 
height,  terminating  the  upper  part  of  a  building ;  and  it  doubtless  derives  its  name  from 
its  resemblance  in  proportional  height  and  concealed  roof  to  some  of  the  buildings  of 
Greece.  Pliny  thus  describes  it  after  speaking  of  the  other  orders :  **  Prarter  has  sunt 
quae  vocantur  Atticae  columnae  quatemis  angulia  pari  laterum  intervallo,"  We,  how- 
ever, find  no  examples  of  square  pillars  in  the  remains  of  ancient  art,  though  almost  all 
the  triumphal  arches  exhibit  specimens  of  pilastral  attics,  having  no  capitals  save  the 
cornice  breaking  round  them.  In  modem  architecture  the  proportions  of  the  attie 
order  have  never  been  subject  to  fixed  rules,  and  thdr  good  effect  is  entirely  dependent 
on  the  taste  and  feeling  of  the  architect. 

Attic  Basb.  The  base  of  a  column  consisting  of  an  upper  and  lower  torus,  a  scotia  and 
fillets  between  them.  It  is  thus  described  by  Vitruvius,  **  it  must  be  so  subdivided  that 
the  upper  part  be  one  third  of  the  thickness  of  the  column,  and  that  the  ronainder  be 
assigned  for  the  height  of  the  plinth.  Excluding  the  plinth,  divide  the  height  into  four 
parts,  one  whereof  is  to  be  given  to  the  upi>er  torus  ;  then  divide  the  remaining  three 
parts  into  two  equal  parts,  one  will  be  the  height  of  the  lower  torus,  and  the  other  the 
height  of  the  scotia  with  its  fillets. 

Attic  Stort.  A  term  frequently  applied  to  the  upper  story  of  a  house  when  the 
ceiling  is  square  with  the  sides  to  distinguish  it  from  garrets.  See  Book  IIL  Chap.  I. 
Sect.  13. 

Attributbs.  In  decorative  architecture,  are  certain  symbols  given  to  figures,  or  di^Msed 
as  ornaments  on  a  building,  to  indicate  a  distinguishing  character :  as  a  lyre,  bow,  or 
arrow  to  Apollo ;  a  club  to  Hercules ;  a  trident  to  Neptune ;  a  spear  to  Pallas,  &o. 

Auobr.  a  carpenter's  and  joiner's  tool  for  boring  large  holes.  It  consists  of  a  wooden 
handle  terminated  at  the  bottom  with  steel.  The  more  modem  augers  are  pointed  and 
sharpened  like  a  centre  bit,  the  extremity  of  one  o€  the  edges  being  made  to  cut  the 
wood  dean  at  the  circumference,  and  the  other  to  cut  and  take  away  the  core,  the  whole 
length  of  the  radius. 

AviAHv.  (hat  Avis.)     A  house  or  apartment  set  apart  for  keeping  and  breeding  birds. 

Avrrus,  St.     See  Architbcts,  list  of^  58. 

Aula.  (Lat.)     In  ancient  Roman  architecture,  a  court  or  hall. 

Awning.  (Fr.  Aulne.)  Any  covering  intended  as  a  screen  firom  the  sun  or  protection 
from  the  rain. 

AxB.  (Sax.  eax.)  A  tool  with  a  long  wooden  handle  and  a  cutting  edge  situate  in  a  plane 
passing  longitudinally  through  the  handle.  It  is  used  for  hewing  timber  by  cutting  it 
vertically,  the  edge  being  employed  in  forming  horizontal  surface^.  The  axe  differs 
from  the  JoiHer*t  haieh^  by  being  much  larger,  and  by  its  being  used  with  only  one 
hand.  Axes  of  various  sizes,  depending  upon  the  quality  of  the  material,  are  used  by 
stone-cutters  and  bricklayers. 

Axis.  The  spindle  or  centre  of  any  rotative  motion.  In  a  sphere  a  line  passing  through 
the  centre  is  the  axis. 
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Babtloniaw  ABCHiTXctniii.     See  BookL  Chap.  II.  Seet.  S. 

Back.  Tfae  side  opposite  to  the  face  or  breast  of  any  piece  of  arohitectore.  Id  a 
upon  a  quadrangular  plane,  the  fiMse  is  that  surfiioe  which  has  the  two  adjacent  planes, 
cslled  the  sides,  elbows,  or  gables.  When  a  piece  of  timber  is  fixed  in  an  horiaontal  or 
in  an  inclined  position,  tfae  upper  ade  is  called  the  back,  and  the  lower  the  hreasL  Tlius 
the  upper  side  of  the  handrail  of  a  staircase  is  properly  called  the  back.  Tlie  same  is  to 
be  understood  with  regard  to  the  curved  ribs  of  ceilings  and  the  raften  td  a  rooiC  whose 
upper  edges  are  always  called  the  haekM, 

Back  or  a  CuiMNrr.     The  recessed  fSue  of  it  towards  the  apartment,  &c.     See  CaomxT. 

Back  or  a  Hakd-kail.     The  upper  side  of  it. 

Back  or  a  Hir  or  other  RArrxa.  The  upper  side  or  sides  of  it  in  the  sloping  plane  of  the 
side  of  the  roof. 

Back  Limino  or  a  Sash  Fraxk.  That  parallel  to  the  pulley  piece  and  next  to  tfae  jamb 
on  either  side.     See  JoiNxar,  p.  563,  ti  »eq. 

Back  Shuttkhs.  Those  folds  of  a  shutter  which  do  not  appear  on  the  &oe  being  folded 
within  the  boxing.     See  JoiKxaT,  p.  570,  ef  seg. 

Back  or  a  Stokb.     The  side  oppodte  to  the  foce.     It  is  generally  rough. 

Back  or  a  Wall.     The  inner  fiuse  of  it. 

Back  or  a  Wikdow.  The  piece  of  wooden  framing  in  the  space  between  the  lower  part 
of  the  sash  frame  and  the  floor  of  the  apartments,  and  boimded  at  its  extremities  right 
and  left  by  the  dbowi  of  the  window.  The  number  of  panels  into  which  it  u  Irained  is 
dependent  on  what  may  be  necessary  for  carrying  out  the  design ;  it  rarely,  howerer,  con- 
rists  of  more  than  one. 

Backiho  or  A  RArrsR  or  Rib.  The  formation  of  the  upper  or  outer  sur&ee  of  either  in 
such  a  manner  as  to  range  with  the  edges  of  the  rafters  or  ribs  on  either  side  of  it  The 
formation  of  the  inner  e^ges  of  the  ribs  for  a  lath  and  plaister  ceiling  u  somettmcs  called 
baekinfff  but  improperly,  since  contrary  to  the  true  meaning  of  the  word. 

Bacximo  or  A  Wall.  Tlie  filling  in  and  building  which  forms  the  inner  hce  at  the  work. 
In  this  sense  it  is  opposed  to  fiicing,  which  is  the  outside  of  the  walL  In  stone  walls 
the  backing  is  unfortunately  too  often  mere  rubble,  while  the  face  is  ashlar. 

Badigxoit.  a  mixture  of  plaster  and  fireestone  sifted  and  ground  together,  used  by  sta- 
tuaries to  repair  deflects  in  their  work.  The  joiner  applies  this  term  to  a  mixture  of  saw- 
dust and  strong  glue,  with  which  he  fills  up  the  defects  of  the  wood  after  it  has  been 
wrought,  A  mixture  for  the  same  purpose  is  made  of  whiting  and  glue,  and  sometimes 
with  puttv  and  chalk.  When  the  first  of  these  is  used,  it  is  allowed  to  remain  until 
quite  hard,  after  which  it  may  be  submitted  to  the  operation  of  planing  and  smoothing. 
Without  this  precaution,  it  nuy  shrink  below  the  sur&ce  of  the  work. 

Baovio.  (It. )  An  Italian  term  for  a  bathi  usually  applied  by  the  English  to  an  establish- 
ment having  conveniences  for  bathing,  sweating,  and  otherwise  cleansing  the  body.  It 
is  applied  by  the  Turks  to  the  prisons  where  their  slaves  are  confined,  in  which  it  is  cus- 
tomary to  have  baths. 

BAauarrx.  (Fr.)  A  small  moulding  oi  the  astragal  species.  It  is  occaacHially  cut  with 
pearls,  ribands,  laurels,  &c.  According  to  M«  Le  Clerc,  the  baguette  is  called  a  ckt^pkl 
when  omaments  are  cut  on  it. 

Bailbt.     See  Castlx. 

Bakxhousb.     An  apartment  provided  with  an  oven  and  kneading  troughs  for  baking. 

Balamxia.     a  Greek  term  for  a  bath. 

Balcokt.  (It.  Balcone.)  A  prpjection  from  the  external  wall  of  a  house,  borne  by 
columns  or  consoles,  and  usually  placed  before  windows  or  openings,  and  protected  cm 
the  extremity  of  the  projection  by  a  railing  of  balusters  or  ironwork.  In  the  French 
theatre,  the  baleon  is  a  circular  row  of  seats  projecting  beyond  the  tier  of  boxes  inmie> 
diately  above  the  pit. 

Baldachimo.  (It.)  An  open  building,  supported  by  columns,  and  covered  with  a  canopy, 
generally  placed  over  an  altar.  Sometimes  the  baldachino  is  suspended  from  the  roo^  as 
in  the  church  of  St.  Sulpice  at  Paris.  It  succeeded 'to  the  ancient  ciborium,  which 
was  a  cupola  supported  on  four  columns,  stiU  to  be  seen  in  many  of  the  churches  of 
Rome.  The  merit  of  its  invention  seems  to  belong  to  BcrninL  lliat  erected  by  faim 
in  St.  Peter*s  is  128  fleet  high,  and  being  of  bronse  weighs  near  90  tons.  It  was  biult  by 
order  of  the  Pope  Barberini,  from  the  robbery  of  the  Pantheon,  and  occasioned  the 
bitter  observation,  "  Quod  non  fecerunt  Barbari  feoerunt  BarberinL** 

Baldwiw.     See  Abchjtbcts,  list  of,  104. 

Balxctiom  or  Bolbction  Mouldings.  Mouldings  which  project  beyond  the  surfoce  of  a 
piece  of  framing.     See  p.  569^ 

Balks  or  Baulks.   (Dutch.)     Sometimes  called  dram  timber.     They  are  pieces  of  wbole 
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fir,  being  Ae  trunlu  of  small  trees  of  that  species^  rough-squared  for  building  purposes. 
In  the  metropolis  the  term  b  applied  to  short  lengths,  from  eighteen  to  twenty-five  feet, 
mostly  under  ten  inches  square,  tapering  considerably,  and  with  the  angles  so  left  that 
the  piece  is  not  exactly  square. 

Balliux.  In  the  architecture  of  the  middle  ages,  the  open  space  or  court  of  a  fortified 
castle.  This  has  acquired  in  English  the  appellation  Bailey ;  thus  St.  Peter*s  in  the 
Bailey  at  Oxford,  and  the  Old  Bailey  in  London,  are  so  named  fix>m  their  ancient  con- 
nection  with  the  sites  of  castles. 

Ballook.  a  round  ball  or  globe  placed  on  a  column  or  pier,  by  way  of  crowning  it.  The 
same  name  is  given  to  the  balls  on  the  tops  of  cathedrals,  as  at  St  Peter's,  which  is 
8  feet  diameter,  and  at  St.  Paul's  in  Ixmdon. 

Balnkux.    (Lat.)     A  bath. 

Baltxus.  (Lat.  a  girdle.)  The  wide  step  in  theatres  and  amphitheatres,  which  afforded  a 
passage  round  them  without  disturbance  to  the  sitters.  No  one  sat  on  it ;  it  served  merely 
as  a  landing-place.  In  the  Greek  and  Roman  theatres,  every  eighth  step  was  a  balteus. 
Vitruvius  gives  the  rules  for  properly  setting  it  out,  in  the  third  chapter  of  his  fifth  book. 
The  term  balteus  is  also  uned  by  Vitruvius  to  denote  the  strap  which  seems  to  bind  up 
the  ooussinet  or  cushion  of  the  Ionic  capitaL 

Balustuu  a  species  of  small  column  belonging  to  a  balustrade.  See  Book  III.  Chap. 
I.  Sect  16.  This  term  is  also  used  to  denote  the  lateral  part  of  the  volute  of  the  Ionic 
capital.     Vitruvius  calls  it  pttbdnatOf  on  account  of  its  resemblance  to  a  pillow. 

Balustrads.  a  parapet  or  protecting  fence  formed  of  balusters,  sometimes  epaployed  for 
real  use,  and  sometimes  merely  for  ornament  For  the  melhod  of  designing  balus- 
trades, and  other  particulars  relating  to  them,  see  Book  III.  Chap.  I.  Sect.  16. 

Band.  (Fr,  Bande.)  A  flat  member  or  moulding,  smaller  than  a  fascia.  The  &ce  of  a 
band  is  in  a  vertical  plane,  as  is  also  that  of  the  fiucia ;  the  word,  however,  is  applied  to 
narrow  members  somewhat  wider  than  fillets ;  and  the  vrordfatcia  to  broader  members. 
The  cinctures  sometimes  used  round  the  shafts  of  rusticated  columns  are  called  bands. 
In  this  case  the  column  is  called  a  bandtd  colutmm, 

BANnAGBs.  A  term  applied  to  the  rings  or  chains  of  iron  inserted  in  the  comers  of  a 
stone  wall,  or  round  the  circumference  of  a  tower,  at  the  sprin^ng  of  a  dome,  &c.,  which 
act  as  a  tie  on  the  walls  to  keep  them  together. 

Bandxlkt,  or  Bamdlxt.     A  small  band  encompasong  a  column  like  a  ring. 

Bakistsr.     a  vulgar  term  for  baluster,  which  see. 

Bankbk.     a  bench,  on  which  mascms  prepare,  cut,  and  square  their  work. 

Banquxt.    (Fr.)     The  footway  of  a  bridge  when  raised  above  the  carriage-way. 

Baftisual  Fomt.  a  vessel  raised  above  the  ground  for  containing  the  holy  water  used  in 
the  administration  of  baptism.  Many  of  the  fonts  in  Saxon  churdies  are  still  in  being. 
The  phms  and  horizontal  sections  are  commonly  circles,  octagons,  or  squares,  and  at  a 
little  later  dates  were  eld>orately  decorated  with  mouldings  and  sculptures. 

BArrisTxay.  (Gr.  Baim^A».)  A  building  in  the  architecture  of  the  middle  ages,  destined 
for  administration  of  the  rite  of  baptism.  It  has  been  contended  by  some  that  the  baptis- 
tery was  at  first  placed  in  the  interior  vestibules  of  the  early  churches,  as  are  in  many 
churches  the  bi^tismal  fonts.  This,  however,  was  not  the  case,  llie  baptistery  was 
quite  separate  firom  the  basilica,  and  even  placed  at  some  distance  from  it  Until  the  end 
of  the  sixth  century,  it  was,  bevond  doubt,  a  distinct  building ;  but  after  that  period  the 
font  gradually  found  its  way  mto  the  vestibule  of  the  church,  and  the  practice  became 
general,  except  in  a  few  churches,  as  at  Florence,  and  in  those  of  all  the  episcopal  cities  of 
Tuscany,  Ravenna,  of  &  Giovanni  Laterane  at  Rome,  and  some  few  other  places.  The 
last  mentioned  is  perhaps  the  most  ancient  remaimng.  There  was  a  baptistery  at  Con- 
stantinople, of  such  dimensions  that,  on  one  occasion,  it  held  a  very  numerous  council. 
That  at  Florence  is  nearly  ninety  feet  in  diameter,  octagonal,  and  covered  with  a  dome. 
It  b  encloeed  by  the  celebrated  bronze  gates  by  Lorenzo  Ghiberti,  which  Michel  Angelo 
said  were  fit  to  be  the  gates  of  Paradise.  The  baptistery  of  Pisa,  designed  by  Dioti 
Salvi,  was  finbhed  about  116a  The  plan  b  octagonal,  about  129  feet  in  diameter  and 
179  feet  high.    Seep.  118. 

Bar.  In  a  court  of  justice,  an  enclosure,  three  or  four  feet  high,  in  which  the  counsel 
have  their  places  to  plead  causes.  The  same  name  b  given  to  the  enclosure,  or  rather 
bar  before  it,  at  which  prisoners  are  placed  to  take  their  triab  for  criminal  offences. 

Bar.     a  piece  of  wood  or  iron  used  for  fiutening  doors,  window  shutters,  &c. 

Bar  or  a  Sash.  The  light  pieces  of  wood  or  metal  which  divide  a  window  sash  into 
compartments  for  the  glass.  The  anffk  bar$  of  a  sash  are  those  standing  at  the  intersec- 
tion of  two  vertical  planes. 

Bar  Iron  b  that  made  of  the  metal  of  sows  and  pigs,  as  it  comes  finnn  the  furnace.  The 
sows  and  pigs,  as  they  are  technically  termed,  pass  through  the  forges  and  chaufery, 
where,  having  undergone  five  successive  heats,  they  are  formed  into  bars.     See  Sect  5. 

SO 
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Book  II.  Chap.  TI.     For  the  weight  of  •  foot  of  bar  iron  of  ftifferent  thieknesKS^ 
p.  590. 

BAR-rovTB.  Posts  driyen  into  the  ground  for  forming  the  sides  of  •  field  gate.  Tbej  are 
mortised,  to  admit  of  horiiontal  bars  being  put  in  or  taken  out  at  pleasure. 

BAaBACAN.  A  watch-tower  for  descrying  an  enemy :  also  the  outer  work  or  defrnce  ai  a 
castle,  or  the  fort  at  the  entrance  of  a  bridge.  Apertures  in  the  walls  of  a  fortress,  for 
firing  through  upon  the  enemy,  are  sometimes  called  by  this  name.  The  etyniolc^ry  of 
the  word  has  been  variously  assigned  to  French,  Italian,  ^anish,  Saxon,  and  Arabian 
origin.     See  Carls. 

Bargk  Boards.  Hie  inclined  projecting  boards  placed  at  the  gable  of  a  building,  and 
hiding  the  horisontal  timbers  of  a  roof.  They  are  frequently  carved  with  trefoils, 
quatrefoils,  flowers,  and  other  ornaments  and  foliage. 

Barge  Couples..  (Sax.  Bjrpsan,  to  bar.)  Two  beams  mortised  and  tenoned  together  for 
the  purpose  of  increasing  the  strength  of  a  building. 

Barge  Course,  llie  part  of  the  tilmg  which  projects  over  the  gable  of  a  building,  and 
which  is  made  good  below  with  mortar. 

Barn.  (Sax.  Benn.)  A  covered  farm-building  for  laying  up  grain,  hay,  straw,  &c.  Tbe 
situation  of  a  barn  should  be  dry  and  elevated.  It  is  usually  placed  on  the  nortii  or 
north  east  side  of  a  farm-yard.  The  bams,  outhouses,  and  stables  should  not  be  for 
distant  from* each  other.  They  are  most  frequently  constructed  with  wooden  framing  of 
quarters,  &c.,  and  covered  with  weather  boarding ;  sometimes,  in  superior  farms,  they  are 
built  of  stone  and  brick.  The  roofr  are  usually  thatched  or  tiled,  as  the  materiids  for 
the  purpose  are  at  hand ;  but  as  the  grain  should  of  all  things  be  kept  dry,  to  prevent  it 
from  moulding,  the  gable  ends  should  be  constructed  of  brick,  and  apertures  left  in  tiie 
walls  for  the  free  admission  of  air.  The  bays,  as  they  are  called,  are  formed  \ij  two 
pairs  of  folding  doors,  exactly  opposite  to  each  other,  and,  as  well  as  for  thrashing,  afibrd 
the  convenience  of  carrying  in  and  out  a  cart  or  waggon  load  of  corn  in  sheaves,  or  any 
sort  of  bulky  produce,  "nie  doors  in  question  must  be  of  the  same  breadth  as  the 
threshing-floor,  to  afford  light  to  the  threshers,  and  air  for  winnowing  the  grain.  It  is 
a  good  practice  to  make  an  extensive  penthouse  over  the  great  doors  sufficiently  large 
to  cover  a  load  of  com  or  hay,  in  case  of  the  weather  not  permitting  it  to  be  immediatdy 
housed. 

Baroszi  da  Viokola.     See  ARCHrtBCTs,  list  of,  317. 

Barracks.     See  Book  III.  Chap.  III.  Sect.  19. 

Barrel  Drain.     One  in  the  form  of  a  hollow  cylinder. 

Barvca  or  Bartcxphala.  (Gr.  /Sofwr,  low  or  flat,  and  K«^aAiy,  head.)  The  Greek  name 
fbr  an  arwostyle  temple. 

Bass.  (Gr.  /3a<rtr.)  In  geometry,  the  lower  part  of  a  figure  or  body.  The  hate  of  a  toUd 
is  the  sur&oe  on  which  it  rests. 

Base  or  a  Column.  The  part  between  the  shaft  and  the  pavement  or  pedestal,  if  there  be 
any  to  the  order.  Each  column  has  its  particular  base,  for  which  see  Sections  3  to  7. 
on  the  orders.     For  the  Attic  base  see  under  that  word. 

Base  op  a  Room.  The  lower  projecting  part  It  consists  of  two  parts,  the  lower  whereof 
is  a  plain  board  adjoining  the  fioor,  called  the  plinth,  and  the  upper  of  one  or  more 
mouldings,  which,  taken  collectively,  are  called  the  base-mouldings.  In  better  sort  of 
work  the  plinth  is  tongued  into  a  groove  in  the  floor,  by  which  means  the  diminution  of 
breadth  created  by  the  shrinking  never  causes  any  aperture  or  chasm  between  its  under 
edge  and  the  floor,  and  the  upper  edge  of  the  plinth  is  rebated  upon  the  base.  Bed- 
rooms, lobbies,  passages,  and  staircases  are  often  finished  without  a  dado  and  surbase, 
and  indeed  the  fiuhion  has  extended  the  practice  to  rooms  of  the  higher  class,  as  drawing- 
rooms,  &c. 

Basement.  The  lower  story  of  a  building,  whether  above  or  below  the  ground.  See 
Book  III.  Chap.  L  Sect  IS. 

Basiu  Among  carpenters  and  joiners  the  angle  to  which  the  edge  of  an  iron  tool  is 
ground  so  as  to  bring  it  to  a  cutting  edge.  If  the  angle  be  very  thin  the  tool  will  cut 
more  fireely,  but  the  more  obtuse  it  is  the  stronger  and  fitter  it  is  for  serriee. 

Basilica.  (Gr.  /SoinAeur,  a  king.)  Properly  the  palace  of  a  king;  but  it  afterwards  came 
to  signify  an  apartment  usually  provided  in  the  houses  of  persons  of  importance,  where 
assemUies  were  held  for  dispensing  justice.  Thus  in  tiie  magnificent  villa  of  the 
Gordian  family  on  the  Via  Prenestina  there  were  three  basilicie,  each  more  than  one 
hundred  feet  long.  A  basilica  was  generally  attached  to  every  forum,  for  the  summary 
adjustment  of  the  disputes  that  arose.  It  was  surrounded  in  most  cases  with  shops  and 
other  conveniences  for  traders.  The  difference  between  the  Grecian  and  Roman  basilica 
is  given  by  Vitruvius  in  the  fifth  chapter  of  his  first  book.  The  rise  and  progress  of  the 
modern  basilica  is  given,  p.  109,  et  acq.  The  term  basilica  is  also  applied  by  Pdladio 
to  those  buildings  in  the  cities  of  Italy  umilar  in  use  to  our  town  haUs. 

Basis.     See  Base. 
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Basket.     A  term  often  Applied  to  the  vase  of  the  Corinthian  capital,  with  its  foliage,  &c. 

Basss  Cour.  (Fr.)  A  court  destined  in  a  house  of  importance  for  the  stables,  coach- 
houses, and  servants  attached  to  that  part  of  the  establishment.  In  country  houses  it  is 
often  used  to  denote  the  yard  appropriated  to  the  cattle,  fowls,  &c. 

Basso- ULUTO.     See  Rslikto. 

BASTAKn  Srucoa     See  Sect  9.  Chap.  III.  Book  II. 

Bat.     In  bricklayer's  work,  a  piece  of  a  brick  less  than  one  half  of  its  length. 

Bath.  (From  the  Saxon,  Bab.)  An  apartment  or  series  of  apartments  for  £ithing.  Among 
the  ancients  the  public  baths  were  of  amazing  extent  and  magnificence,  and  contained  a 
vast  number  of  apartments.  These  extraordinary  monuments  of  Roman  magnificence 
seem  to  have  had  their  origin  in  many  respects  from  the  gymnasia  of  the  Greeks,  both 
being  instituted  for  the  exercise  and  health  ot  the  public.  The  word  therma  (hot  baths) 
was  by  the  Romans  used  to  denominate  the  establishment,  although  it  contained  in  the 
same  building  both  hot  and  cold  baths.  In  later  times  a  house  was  incomplete  unless 
provided  with  hot  and  cold  baths ;  and,  indeed,  it  was  not  till  the  time  of  Augustus  that 
public  baths  assumed  the  grandeur  which  their  remains  indicate.  Di£Perent  authors 
reckon  nearly  eight  hundred  baths  in  Rome,  whereof  the  most  celebrated  were  those  of 
Agrippa,  Antoninus,  Caracalla,  Diocletian,  Domitian,  Nero,  and  Titus.  It  appears 
from  good  authority,  that  the  baths  of  Diocletian  could  accommodate  no  less  than  eight 
hundred  bathers.  These  stupendous  edifices  are  indicative  of  the  magnificence,  no  less 
than  the  luxury  of  the  age  in  which  they  were  erected.  The  pavements  were  mosaic, 
the  ceilings  vaulted  and  richly  decorated,  and  the  walls  encrusted  with  the  rarest  marbles. 
From  these  edifices  many  of  the  most  valuable  examples  of  Greek  sculpture  have  been 
restored  to  the  world ;  and  it  was  firom  their  recesses  that  the  restorers  of  the  art  drew 
their  knowledge,  and  that  Rafiielle  learnt  to  decorate  the  walls  of  the  Vatican.  See 
p.  96. 

BATxaDXA V.  (  Fr. )    Tlie  same  as  coffer  dam,  which  see. 

Batrachus.     See  Architkcts,  list  of,  S3. 

Batfxk.  (Probably  from  the  Fr.  Baton,  from  its  small  width.)     A  scantling  or  piece  of 
stuff  from  two  to  six  inches  broad,  and  from  five  eighths  of  an  inch  to  two  mches  thick. 
Battens  are  used  in  the  boarding  of  floors  and  also  upon  walls,  in  order  to  receive  the 
laths  upon  which  the  plaister  is  laid.     See  Boaadid  Floor. 

Battxxino.  The  fixing  of  battens  to  walls  for  the  reception  of  the  laths  on  which  the 
plaster  is  to  be  laid.  It  also  signifies  the  battens  in  the  state  of  being  fixed  for  that 
purpose.  The  battens  employed  are  usually  about  two  inches  broad  and  three  fourths 
of  an  inch  thick ;  the  thicknesses,  however,  may  be  varied  according  to  the  distances  that 
the  several  fixed  points  are  from  each  other.  Their  distance  in  the  clear  is  from  eleven 
inches  to  one  foot  Before  battens  are  fixed,  equidistant  bond  timbers  should  be  built  in 
the  wall,  or  the  wall  should  be  plugged  at  equal  distances,  and  cut  off  flush  with  its 
surfiice.  In  and  about  London  plugs  are  generally  placed  at  the  distance  of  twelve 
or  fourteen  inches  from  centre  to  centre  in  the  length  of  the  batten.  Battens  upon 
external  walls,  the  ceiling  and  bridging  joists  of  a  naked  floor,  also  the  common  joists 
for  supporting  the  boarding  of  a  floor,  are  fixed  at  the  same  distance,  viz.  firom  eleven  to 
twelve  inches  in  the  clear.  When  battens  are  fixed  against  flues,  iron  holdfosts  are  of* 
course  employed  instead  of  bcmd-timbers  or  plugs.  When  they  are  attached  to  a  wall 
they  are  generally  fixed  in  vertical  lines,  and  when  fixed  to  the  surfiue  of  a  stone  or 
brick  vault,  whose  intrados  is  generated  by  a  plane  revolving  about  an  axis,  they  ought 
to  be  placed  in  planes  tending  to  the  axis  ;  as  in  this  position  they  have  only  to  be  fixed 
in  straight  lines,  in  case  the  mtrados  is  straight  towards  the  axis,  which  will  be  the  case 
when  it  is  a  portion  of  a  cone  or  cylinder ;  and  when  the  intrados  is  curved  towards  the 
axis  they  will  bend  the  easiest  possible.  Great  care  should  be  taken  to  regulate  the 
fans  of  the  battens,  so  as  to  be  as  nearly  as  posuble  equidistant  from  the  intended  surfiu;e 
of  the  plaster.  Though  battens  are  employed  in  fioors,  neither  the  act  of  laying  them 
nor  the  fliKir  afterwards  formed  of  them  is  called  battening ;  they  are  more  commonly 
called  boardinff.  Every  piece  of  masonry  or  brickwork,  if  not  thoroughly  dry,  should  be 
battened  for  lath  Vmd  plaster,  particularly  if  executed  in  a  wet  season.  When  windows 
are  boarded,  and  the  walls  of  the  room  not  suflSciently  thiek  to  contain  the  shutters,  the 
surface  of  the  plastering  is  brought  out  so  as  to  give  the  architrave  a  proper  projec- 
tion, and  quarterings  are  used  for  supporting  the  lath  and  plaster  in  lieu  of  battens. 
This  is  also  practised  when  the  breast  of  a  chimney  projects  into  the  room,  in  order  to 
cover  the  recesses  and  make  the  whole  side  flush,  or  all  in  the  same  surface  with  the 
breast 

Battkr  (probably  from  the  Fr.  Bottre).  A  term  used  by  artiflcers  to  signify  that  a  body 
does  not  stand  upright,  but  inclines  from  a  person  standing  before  it  $  when,  on  the  con- 
trary, it  leans  towards  a  person,  its  inclination  is  described  b^  saying  it  overhangs. 

Battlxiumts.  Indentations  on  the  top  of  a  wall,  parapet,  or  other  building.  They  were 
first  used  in  ancient  fortifications,  and  subsequently  applied  to  chambers  Rnd  other  build- 
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ingi  M  roera  oniMncntt.  Their  outline  is  generally  e  conjunction  of  atraighC  lines  aft  ri^it 
angles  to  each  other,  each  indentation  having  two  interior  right  angles,  and  each  raised 
part  two  exterior  right  angles. 

Baitls-emsattlbo.  a  term  applied  to  the  top  of  a  wall  which  has  a  double  row  of 
battlements  formed  by  a  ooi^unction  of  straight  lines  at  right  angles  to  eaeh  other,  both 
embrasures  end  rising  parts  being  double,  the  lower  pert  of  every  embrasure  less  than 
the  upper,  and  therefore  the  lower  part  of  eaeh  riser  broader  than  the  upper. 

Baulk  Rooriiro.     Roofing  in  which  the  framing  b  constructed  of  baulk  timber. 

Baulks.     See  Balks. 

Bat.  (Dutch,  Baye.)  The  division  of  a  bam  or  other  building,  generally  irom  fifteen  to 
twenty  feet  in  length  or  breadth. 

Bat.  In  plasterer's  work,  the  space  between  the  screeds  prepared  fiw  regulating  and 
working  the  fioating  rule.     See  Scsbkos. 

Bat  or  Joisrs.  The  joisting  between  two  binding  joists,  or  between  two  girders  when 
binding  joists  are  not  used. 

Bat  or  Rooniro.  The  small  rafters  and  their  supporting  purlins  between  two  principal 
rafters. 

Bat  Wivdow.  A  window  placed  in  the  bay  or  bow  of  a  window :  called  also  an  ertcf 
window. 

Bats.     See  Dats. 

Basak.  a  species  of  mart  or  exchange  for  the  sale  of  divers  articles  of  merrhandiDp. 
The  word  is  Arabic,  signilying  the  ss&  or  exchange  of  goods  or  merchandise.  Some  of 
the  Eastern  baxars  are  open,  like  the  market  places  of  Europe,  and  serve  for  the  same 
uses,  more  particularly  for  the  sale  of  more  bulky  and  less  valuable  commodities., 
Others  are  covered  with  lofty  ceilings  and  even  dome^  which  are  pierced  fix-  the  ad- 
mission of  light.  It  is  in  these  that  the  jewellers,  gcddsmiths,  and  oUier  dsalcri  in  rich 
wares  have  l£eir  shops.  The  baser  or  sietdcM  of  Ispahan,  one  of  the  finest  in  Persia^  is 
given  in^^.  3S. 

Bsad  AMD  Butt  Woax.  Framing  in  which  the  pennels  are  flush,  having  beans  atmek  or  run 
upon  the  two  edges ;  the  grain  of  the  wood  being  in  the  direction  of  them.   See  p.568. 

Bbad,  Burr,  and  Squaks  WosKi  Framing  with  bead  and  butt  on  one  side^  and  square 
on  the  other,  is  chiefly  used  in  doors.  This  sort  of  framing  is  put  together  square,  and 
the  bead  is  ttnek  on  the  edges  of  the  rising  side  of  the  pannel. 

Bkad  and  Flush  Work.  A  piece  of  ftamed  work  with  beads  run  on  each  edge  of  the 
included  pannel.     See  p.  568* 

Bbad,  Flush,  and  Squarx  Work.  Framing  with  bead  and  flush  on  one  side^  and  square 
on  the  other,  used  chiefly  in  doors. 

Bkad  and  Quirk.  A  bead  stuck  on  the  edge  of  a  piece  of  stuflv  flush  with  its  suiCmc^ 
with  only  one  quirk  or  without  being  retiuned  on  the  other  surfiMe.  Head  and  dmbk 
quirk  occurs  when  the  bead  appears  on  the  fiMC  and  edge  of  a  piece  of  stuff  in  the  same 
manner,  thus  forming  a  dokbU  mdrk, 

Bkadk.  (  Sax.  Beabe.)  A  mouldmg  whose  section  is  circular.  It  is  frequently  used  on  the 
edge  ot  emch  fiwcia  of  an  architrave,  as  also  in  the  mouldings  of  doors,  shutters,  skirtings, 
imposts,  and  cornices.  When  the  bead  is  flush  with  the  surfooe  it  is  called  a  fmirk-^ead, 
and  when  raised  it  is  called  a  eoek-iwad. 

Bkak*  a  little  pendent  fiUet  left  on  the  edse  of  the  Isrmier,  forming  a  canal  behind  to 
prevent  the  water  from  running  down  the  lower  bed  of  the  cornice.  The  beak  is  some- 
times formed  by  a  groove  or  channel  recessed  on  the  soflite  of  the  larmier  upwards. 

Bkam  (Sax.  Beam,  a  tie. )  A  piece  of  timber,  or  sometimes  of  metal,  for  supporting  a  wei^t, 
or  counteracting  two  opposite  and  equal  forces,  either  drawing  it  or  compressing  it  in 
the  direction  of  its  length.  A  beam  employed  as  a  lintel  supports  a  weight ;  if  em- 
ployed as  a  tie  beam,  it  is  drawn  or  extended ;  if  as  collar  beam,  it  u  compressed.  The 
word  is  usually  employed  with  some  other  word  used  a4ieetiveiy  or  in  opposition,  which 
word  implies  the  use^  situation,  or  form  of  the  beam ;  as  tie  biam,  kammtr  tena,  dtragtm 
heoMj  MiraimHff  fteom,  eamber  beam,  binding  beam,  girding  ftema,  tmu  beam,  ammmer  fteoai, 
&c  Some  of  these  are  however  used  simply,  as  collar  for  collar  beam,  lintel  for  lintel 
beam,  &c  That  which  is  now  called  the  collar  beam  was  by  old  writers  called  amad 
beam^  and  strut  or  etruUing  beam,  A  beam  is  lengthened  either  by  building  it  in 
thicknesses,  or  by  lapping  or  splicing  the  ends  upon  each  other  and  bolting  them  through, 
which  is  cfliled  aearfing.     See  CAarxNTRT  generally,  and  p.  54S. 

Bkah  CoMrAssKS.  An  instrument  for  describing  laree  circles,  and  made  eitncr  of  wood 
or  metal  with  sliding  sockets,  carrying  steel  or  pencil  points.  It  is  used  only  when  the 
circle  to  be  described  is  beyond  the  reach  of  common  compasses. 

Bkam  Filuno.  The  brickwork  or  masonry  brought  up  from  the  level  of  the  under  to 
the  upper  sides  of  the  beams.  It  is  also  ined  to  denote  the  filling  up,  of  the  space  from 
the  top  of  the  wall  plate  between  the  rafters  to  the  under  side  of  the  slating,  board,  or 
other  covering* 
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Bkakxk.  That  which  supports  any  body  in  its  place,  as  a  wall,  a  post  a  strut,  &e.  In 
gutters  they  are  the  short  pieces  of  timber  which  support  the  boarding. 

BsAEiifo.  "Die  distance  or  length  which  the  ends  of  a  piece  of  timber  lie  upon  or  are 
inserted  into  the  walls  or  piers ;  thus  joists  are  usually  carried  into  the  walls  at  least  nine 
inches,  or  are  said  to  hare  a  nine-inch  bearing.  Lintels  of  an  aperture  should  in  like 
manner  have  a  similar  bearing,  the  obgect  being  to  prevent  any  tagging  of  the  piece  acting 
on  the  inner  horiiootal  quoins  of  the  walL 

Bkaeimo  op  a  TkMBxa.  The  unsupported  distance  between  its  points  of  support  without 
any  intervening  assistance.  A  piece  of  timber  having  any  number  of  supports,  one 
being  placed  at  each  extremity,  will  have  as  many  bearings,  wanting  one,  as  there  are 
supports.  Thus  a  piece  of  timber  extended  lengthwise,  as  a  joist  over  two  rooms,  will 
have  three  supports  and  two  bearings,  the  bearers  being  the  two  outside  walls  and  the 
partition  in  the  midst  between  them. 

BsAEiNo  Wall  or  PAaTmoN.  A  wall  or  partition  built  fiom  the  solid  for  the  purpose 
of  supporting  another  wall  or  partition,  either  in  the  same  or  in  a  transverse  direction. 
When  the  Isiter  is  built  in  the  same  direction  as  the  supporting  wall  it  is  said  to  have 
a  tolid  hearing ;  but  when  built  in  a  transverse  direction,  or  unsupported  throughout, 
its  whole  length  is  said  to  have  a  falae  hearing^  or  as  4nany  false  bearings  as  there  are 
intervals  below  the  wall  or  partition. 

BsATxa.  An  implement  used  by  plasterers  and  bricklayers  for  beating,  and  thereby  tem- 
pering or  incorporating  together  the  lime,  sand,  and  other  ingredients  of  a  cement  or 
plaster. 

Bkauchamp.     See  AacHtncrs,  list  o^  164. 

Bkadpkt.     See  Bomr. 

BsAUTT.     In  architectural  composition,  see  Book  III.  Chap.  I.  Sect.  1. 

Ban.  (Sax.  Beb.)  The  horizontal  surfoce  on  which  the  stones,  bricks,  or  other  matters 
in  building  lie.  The  imder  surfiuse  of  a  stone  or  brick  is  called  its  wtder  bed,  and  the 
upper  surfiwe  its  tgiper  fted.  In  general  language  the  beds  of  a  stone  are  the  surfaces 
where  the  stones  or  bricks  meet  It  is  almost  needless  to  inculcate  the  necessity  of 
every  stone  being  worked  quite  straight  and  not  dished  or  hollowed  out  which  masons 
are  very  apt  to  do  for  the  purpose  of  making  a  fine  joint  Stones  thus  worked  are  very 
liable  to  flush  and  break  off  at  the  angles,  of  which  there  are  too  many  examples  in 
important  buildings  to  make  it  necessary  that  we  should  more  particularly  allude  to 
them.     See  Masokrt,  p.  518,  s<M9. 

BxD  Chamskk.  The  apartment  destined  to  the  reception  of  a  bed.  Its  finishings  of  course 
depend  on  the  rank  of  the  party  who  is  to  occupy  it 

BxD  OP  A  Slats.  The  under  side  of  a  slate,  or  that  part  in  contiguity  with  the  boarding 
or  rafters. 

Beds  op  a  Stomb.  In  cylindrical  vaulting  are  the  two  sur&ccs  intersecting  the  intrados  of 
the  vault  in  lines  parallel  to  the  axis  of  the  cylinder.  In  conic  vaulting,  where  the  axis 
is  horixontal,  they  are  those  two  surfiwes  which,  if  produced,  would  intersect  the  axis  of 
the  cone.     In  arching  the  beds  are  called  nammeringt  by  the  workmen. 

Beddiho  op  Timbers.     The  placing  them  properly  in  mortar  on  the  walls. 

Beech.     One  of  the  fiirest  trees,  but  not  often  used  in  building.     See  p.  484. 

Beetle.  (Sax.  B^I.)  A  large  wooden  hammer  or  mallet  with  one,  two,  or  three 
handles  for  as  many  persons.     With  it  piles,  stakes,  wedges,  &c.,  are  driven. 

Bex,  ox.     See  AacBrrxcrs,  list  o^  133. 

Belectiow  MoDLBiifGS.     Sco  Balxction  Modlbings. 

Bblpet.  The  upper  part  of  the  steeple  of  a  church  for  the  reception  of  the  bells.  It  is  the 
campanile  of  the  Italians,  though  amongst  them  a  building  often  altogether  unconnected 
with  the  body  of  the  church.  It  is  sometimes  used  more  especially  in  respect  of  the 
timber  firaming  by  which  the  bells  are  supported. 

Bell  op  the  CoaiMTHLAK  amd  Compositx  Capttals.  The  naked  vase  or  torhalh  round 
which  the  foliage  and  volutes  are  arranged.     Its  horisontal  section  is  every  where  a 

circle.     See/^.  93. 
Bell  Roop.     One  whereof  the  vertical  section,  perpendicular  to  the  wall  or  to  iu  springing 

line,  is  a  curve  of  contrary  flexure,  being  concave  at  the  bottom  and  convex  at  the  top. 

It  is  often  called  an  ogee  roof  from  its  form. 
Belt.     In  masonry,  a  course  of  stones  projecting  from  the  naked,  either  moulded,  plain, 

fluted,  or  enriched  with  paterae  at  regular  intervals. 
Belvxdexe.  ( It )     A  raised  turret  or  lantern  raised  for  the  enjoyment  of  a  prospect ;  also  a 

small  e<tiflce  in  gardens,  not  uncommon  in  France  and  Italy. 
Bemch.     a  horixontal  surfi^e  or  table  about  two  fieet  eight  inches  high,  on  which  joiners 

prepare  their  work. 
Bexch  Hook.     A  pin  afllxed  to  a  bench  for  preventing  the  stuff  in  working  firom  sliding 

out  of  its  place. 
BxBGAMAsca     See  Arcbitxcts,  list  o^  193. 
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BmimcL     See  Akchitkcts,  list  ol^  851. 

BsaauQUBrrB.     See  Architbcm,  lUt  of  823. 

BsftHAK.     See  AECHmcTB,  list  of,  107. 

BsTON.  (Fr.)     A  species  of  concrete. 

BsTSL.  (Lat  Bivium.)  An  instruinent  used  by  artificers*  one  leg  whereof  is  finequentlj 
curved  according  to  the  sweep  of  an  arch  or  Tault.  It  is  moveable  upon  a  pivot  or 
centre,  so  as  to  render  it  capable  of  being  set  to  any  angle.  The  make  and  use  of  it  are 
much  the  same  as  those  of  the  common  square  and  mitre,  except  that  those  are  fixed, 
the  first  at  an  angle  of  ninety  degrees  and  the  second  at  forty-five ;  whereas  the  bevel 
being  moveable,  it  may  in  some  measure  supply  the  office  of  both,  and  yet  supply  the 
deficiency  of  both,  which  is,  indeed,  its  principal  use,  inasmuch  as  it  serves  to  set  off*  or 
transfer  angles  either  greater  or  less  than  ninety  or  f<Hrty-five. 

Any  angle  that  is  not  square  is  called  a  bevel  angle,  whether  it  be  more  obtuse  or  moT« 
acute  than  a  right  angle ;  but  if  it  be  one  half  as  much  as  a  right  angle,  via.  forty-five 
degrees,  the  workman  calls  it  a  miier.  They  have  also  a  term  half  miter,  which  is  an 
angle  one  quarter  of  a  quadrant  or  square,  that  is,  an  angle  of  twenty-two  degrees  and 
a  half 

BiLLCT  MouLDiMO,  (Fr.  Billet^  A  Norman  moulding  used  in  string  courses  and  the 
archi  volts  of  openings.  It  consists  of  short,  small,  cylindrical  pieces,  two  or  three  inches 
long,  placed  in  hollow  mouldings  at  intervals  equal  to  about  the  length  of  the  billet. 
See  p.  174. 

BiNoiKo  Joists.  Those  beams  in  a  floor  which,  in  a  transverse  direction,  suppcwt  the 
bridging  joists  above,  and  the  ceiling  joists  below.  (See  CAapxisTaT,  p.  541.)  When 
they  are  placed  parallel  to  that  side  of  a  room  on  which  the  chinmey  stands,  the  extreme 
one  on  that  side  ought  never  to  be  placed  close  to  the  breast,  but  at  a  distance  ^ual  to 
the  breadth  of  the  slab,  in  order  to  allow  fi>r  the  throwing  over  the  brick  trimmer  to 
support  the  hearth. 

BiNDiMO  RAPTxas.     The  same  as  purlins,  which  see. 

BiMNs  poa  Win  a.  The  open  subdivlBions  in  a  cellar  for  the  reception  of  wine  in  bottler 
The  average  diameter  allowed  for  green  bottles  is  3*56  inches.  Thus  a  binn  6  ft.  2}  in. 
lonff  will  toke  twenty -one  bottles.  If  they  are  laid  in  double  tiers  the  depth  should  be 
32  mches. 

BiacH.     A  forest  tree  dBettJd)  sometimes  used  in  building,  see  p.  487. 

Bird's  Mouth.  An  interior  angle  cut  on  the  end  of  a  piece  of  timber,  for  the  purpose  of 
obtaining  a  firm  rest  upon  the  exterior  angle  of  another  piece. 

Biscopius.     See  Architbcts,  list  of,  67. 

Bit.  An  instrument  for  boring  holes  in  wood  or  any  other  substance,  so  constructed  as  to 
admit  of  being  inserted  or  taken  out  of  a  spring.  The  handle  is  divided  into  five  parts, 
all  in  the  same  plane  ;  the  middle  and  the  two  extreme  parts  being  paralleL  The  two 
extreme  parts  are  in  the  same  straight  line,  one  of  them  having  a  brass  end  with  a  socket 
for  containing  the  bit,  which,  when  fixed,  fidls  into  the  same  straight  line  with  the  other 
end  of  the  stock  ;  the  further  end  has  a  knob  attached,  so  as  to  remain  stationary,  while 
all  the  other  parts  of  the  apparatus  may  be  turned  round  by  means  of  the  projecting  part 
of  the  handle. 

There  are  various  kinds  of  bits ;  as  $heU  bits,  used  for  boring  wood,  and  having  an  in- 
terior cylindric  concavity  for  containing  the  core  ;  centre  bits  used  to  form  a  large  cylindric 
hole  or  excavation  ;  countersink  bits,  for  widening  the  upper  part  of  a  hole  in  wood  or  iron, 
to  take  in  the  head  of  a  screw  or  pin,  so  that  it  may  not  appear  above  the  sur&ce  of  the 
wood ;  primer  bits,  for  widening  holes ;  and  taper  sAsO  bits,  used  also  for  the  last  named 
purjiose. 

BrruMBN.  A  mineral  pitch  used  in  former  ages  instead  of  mortar.  The  walls  of  Babylon 
are  said  to  have  been  cemented  with  it. 

Bladxs.  (Sax.  Blsb.)     A  name  sometimes  given  to  the  principal  rafters  of  a  rooC 

Bladx  op  a  Chisxu  The  iron  or  steel  part  of  it  as  distinguised  firom  the  wooden 
handle. 

Bladb  op  a  Saw.  The  thin  steel  part  on  the  edge  of  which  the  teeth  are  cut.  The 
chief  properties  of  a  good  saw  are,  that  it  should  be  stiff*  and  yet  bend  equally  into  a 
regular  curve,  well  tempered,  equally  thick  on  the  cutting  edge,  and  thinner  towards 
the  back  edge. 

Blank  Door.  A  door  either  shut  to  prevent  a  passage,  or  one  placed  in  the  back  of  a 
recess,  where  there  is  no  entrance,  having,  neverthelera,  the  appearance  of  a  real  door. 

Blank  Window.  One  which  has  the  appearance  of  a  real  window  but  is  merely  formed 
in  the  recess  of  the  wall.  When  it  is  necessary  to  introduce  blank  windows  for  the 
sake  of  uniformity,  it  is  much  better  to  build  the  apertures  like  the  other  and  real  win^ 
dows,  provided  no  flues  or  funnels  interfere ;  and  instead  of  representing  the  sashes 
by  painting,  real  sashes  should  be  introduced  with  the  panes  'of  glass  painted  on  the 
back. 
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BuNDB.  Qjuadrangular  frames  of  wood  or  metal»  covered  with  an  opaque  substance, 
stretched  between  the  framing,  so  as  to  cover  either  the  whole  or  part  of  the  sashes  of  a 
window.  They  are  used  for  the  purpose  of  diminishing  the  intense  effects  of  the  sun*s 
rays,  or  of  preventing  passengers  from  seeing  into  the  interior  of  an  apartmant 

Block  (Teutonic)  or  Wood.  A  piece  of  wooid  cut  into  some  prescribed  form  for  a  par- 
ticular purpose. 

Block  op  Sikomx  or  MAasLX.  A  piece  rough  from  the  quarry  before  it  has  received  any 
form  from  the  hand  of  the  workman. 

Blocking  or  Blocking  Couasx.  In  masonry,  a  course  of  stones  placed  on  the  tq;>  of  a 
cornice  forming  the  crown  of  a  wall. 

Blockings.  Small  pieces  of  wood  fitted  in  and  glued  to  the  interior  aiig^  of  two  boards, 
or  other  pieces,  for  the  purpose  of  giving  additional  strength  to  the  joint  In  gluing  up 
columns  the  staves  are  glued  up  successively  and  strengthened  by  blockings ;  as  also 
the  risers  and  treads  of  stairs  and  all  other  joints  that  demand  more  strength  than  their 
own  joints  afford.     They  are  always  concealed  from  the  eye. 

Blond,  J.  B.     See  Architbcts,  list  of,  274. 

Blondkl,  Fb.     See  Abchitkcts,  list  of,  260. 

Blondkl,  Jac.  Fa.     See  Abcbitxcts,  list  o(,  293. 

Board.  (Sax.  Bopb.)  A  piece  of  timber  of  undefined  length,  more  than  four  inches  in 
breadth,  and  not  more  than  two  inches  and  a  half  in  thickness.  When  boards  are  of  a 
trapezoidal  section,  that  is,  thinner  on  one  edge  than  the  other,  they  are  called  feather' 
edged  boarde.  Boards  when  wider  than  nine  inches  are  called  planks.  The  fir  boards 
called  detd  (because  they  are  dealt  or  divided  out  in  thicknesses)  are  generally  imported 
into  England  ready  sawn,  being  thus  prepared  cheaper  by  saw  mills  abroad  than  they 
can  be  here.  Fir  boards  of  this  sort,  one  inch  and  a  quarter  thick,  are  called  whole  deal, 
and  those  a  friU  half  inch  thick,  eUt  deoL 

Board  Lxax  or  Lxax  Board.  That  upon  which  the  lead  work  of  a  gutter  is  laid  to 
prevrait  it  sinking  between  the  rafters. 

Boards,  Listxd.  Such  as  are  reduced  in  their  width  by  taking  off*  the  sap  from  the 
sides. 

Boards  por  Vallxts  or  Vallxt  Boards.  Those  fixed  on  the  valley  rafters,  or  pieces  for 
the  leaden  gutters  of  the  valley  to  rest  on. 

BoARDXD  Floors.  Those  covered  with  floors.  The  laying  of  floors  usually  commences 
when  the  windows  are  in  and  the  plaster  dry.  The  boards  should  be  planed  on  their 
best  fiice  and  set  up  to  season,  till  the  natural  sap  is  expelled.  They  are  then  to  be 
planed  smooth,  shot,  and  squared  on  the  edge.  The  opposite  edges  are  brought  to  a 
breadth  by  drawing,  with  a  flooring  guage^  a  line  on  the  free  parallel  to  the  other  edge. 
After  this  they  are  guaged  to  a  thickness,  and  rebated  down  on  the  back  to  the  lines 
drawn  by  the  guage.  The  next  thing  is  to  try  whether  the  joists  be  level,  and  if  not, 
either  the  boards  must  be  cut  on  the  under  side  to  meet  the  inequality,  or  the  joists 
must  bejkrred  up  by  pieces  to  bring  the  boards,  when  laid,  to  a  leveL  The  boards  em- 
ployed in  flooring  are  either  battens  or  deals  of  greater  breadth.  The  quality  of  battens 
is  divided  into  three  sorts.  The  best  is  that  free  from  knots,  sliakes,  sap  wood,  or  cross- 
grained  stuff*,  well  matched  and  selected  with  the  greatest  care.  The  second  best  is  that 
in  which  only  small  but  sound  knots  are  permitted,  but  it  is  to  be  free  from  sapwood  and 
shakes.  The  most  inferior  kind  is  that  left  from  the  selection  of  the  other  two.  See 
p.  574. 

Boarding  Joists.     Those  in  naked  floorings  to  which  the  boards  are  to  be  fixed. 

Boarding  for  Lxad  Flats  and  Guttirs.  That  which  immediately  receives  the  lead, 
rarely  less  than  one  inch  and  an  eighth,  or  one  inch  and  a  quarter  thick.  It  is  usually 
laid  merely  with  rough  joints. 

Boarding  Luffxx  or  Lxvxx  Boarding.  Inclined  boarding,  with  intervals  between  the 
boards,  nailed  in  an  inclined  direction  on  the  sides  of  buildings  or  lanterns,  so  as  to  admit 
R  free  current  of  air,  and  at  the  same  time  to  exclude  the  rain. 

Boarding  for  Pugging  or  Dbafbnino,  also  called  Sound  Boarding.  Short  boards  dis- 
posed  transversely  between  the  joists  of  floors  to  hold  some  substance  intended  to  prevent 
sound  being  transmitted  firom  one  story  to  another.  These  boards  are  supported  by 
fUetM  fixed  to  the  sides  of  the  joists  about  three  quarters  of  an  inch  thick  and  an  inch  wide. 
The  substance,  often  plaster,  placed  between  them  to  prevent  the  transmission  of  the 
sound,  is  called  the  pugging. 

Boarding  for  Slating.  That  nailed  to  the  rafters  for  the  reception  of  the  slates,  usually 
three  quarters  to  seven  eighths  of  an  inch  in  thickness ;  the  sides  commonly  rough,  the 
edges  either  rough,  shot,  plowed  and  tongued,  or  rebated  and  sometimes  tprvng,  so  as 
to  prevent  the  rain  from  passing  through  the  joints.  The  boarding  for  slating  may  be 
so  arranged  as  to  diminish  the  lateral  pressure  or  thrust  against  the  walls  bv  disposing 
the  boards  diagonally  on  the  rafters.     On  the  lower  edge  of  the  boarding  is  fixed  the 
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eapet  hoard,  M  mlK>  tgainit  all  walls  either  at  right  angles  to  or  fimning  an  acute  angle 
with  the  ridge,  or  a  right  or  obtuse  angle  with  the  wall  plate.  The  eares  board  ta  for 
raising  the  lower  ends  of  the  lower  row  of  dates  that  form  the  earcs.  Those  plaeed 
against  walls  are  for  raising  the  slates  to  make  the  water  run  off  from  the  wall.  The 
boarding  for  slates  should  be  of  yellow  deal  without  sap. 

BoAKDiKo  roa  uwimg  Walls.  The  boards  used  for  this  purpose  are  usually  fWim  five 
eighths  to  three  quarters  of  an  ineh  thick,  and  are  plowed  and  tongued  together. 

BoAKDiNo  roa  outside  Work,  or  WBATaaa-aoAaBiMO.  Boards  nailed  wiUi  a  lap  cm  csMh 
other,  to  prevent  the  penetration  of  the  rain  and  snow.  The  boards  for  this  purpose  are 
generally  made  thinner  on  one  side  than  on  the  other,  especially  in  good  permanent  work. 
The  ieather>edged  board  is,  therefore,  in  such  cases,  used,  the  thick  edge  of  the  upper 
board  being  laid  on  the  thin  edge  of  that  bdow,  lapping  about  an  inch  or  an  inch  and  a 
half,  and  the  nails  being  driven  through  the  lap. 

BoASRR.  A  tool  used  by  masons  to  make  the  surfooe  of  Ae  work  nearly  smooth.  It  ia 
two  inches  wide  in  the  cutting  part. 

Boasting  in  Masonkt.  The  act  of  paring  the  stone  with  a  broad  cfaisd  and  mallet,  bat 
not  in  uniform  lines. 

In  CARVINCr,  it  is  the  rough  cutting  round  the  oraaments,  to  reduce  them  to  their 
contours  and  profiles,  before  the  inciidons  are  made  for  forming  the  raffels  or  noinuter 
parts.    See  AsHLAa. 

Body  op  a  Nichb.  That  part  of  it  whoae  superficies  is  vertical.  If  the  lower  part  be 
cylindrical  and  the  upper  part  spherical,  the  lower  part  is  the  body  of  the  niche,  and  the 
upper  part  is  termed  the  head. 

Body  Rangi  op  a  GaoiN.     The  wider  of  two  vaults  which  intersect  and  form  a  gr«nn. 

Body  op  a  Room.  That  which  forms  the  main  part  of  the  apartment,  independent  of  any 
recesses  on  the  ends  or  sides. 

BoFPRANi).     See  AacHrrKcrs,  list  of,  5280. 

BoLccTioN  Moulding.     See  Balkction  Moulding. 

BoLSTXR.     The  baluster  part  of  the  Ionic  capital  on  the  return  side.     See  Balustou 

Bolt.  ( Or.  fioku,  a  dart).  In  joinery,  a  metal  fastening  for  a  door,  and  moved  by  the 
hand,  catching  in  a  staple  or  notch  which  receives  it.  Bolts  are  of  various  sorts,  wh«<eof 
plate  spring  and  flush  holts  are  for  fastening  doors  and  windows. 

This  name  ia  also  given  to  large  cylindrical  iron  or  other  metal  pins,  having  a  round  head 
at  one  end  and  a  slit  at  the  other.  Through  the  slit  a  pin  or  farsloek  is  passed,  whereby 
the  bar  of  a  door,  window  shutter,  or  the  like  is  made  fiut  These  are  usually  called 
round  or  window  bolts. 

The  bolt  of  a  lock  is  the  iron  part  that  enters  into  a  staple  or  jamb  when  the  key  is 
turned  to  fosten  the  door.  Of  these  the  two  sorts  are,  one  which  shuts  of  itself  when  the 
door  is  shut  to,  called  a  spring  holtj  the  other,  which  is  only  acted  upon  by  applying  the 
key,  is  called  the  dormoji^  hoU. 

In  carpentry,  a  bolt  is  usually  a  square  or  cylindrical  piece  of  iron,  with  a  knob  at  one 
end  and  a  screw  at  the  other,  passing  through  holes  for  its  reception  in  two  or  more  pieces 
of  timber,  for  the  purpose  of  fastening  them  together,  by  means  of  a  nut  screwed  on  the 
end  opposite  to  the  knob.  The  bolt  of  carpentry  should  be  proportioned  to  the  nxe  and 
stress  of  the  timbers  it  connects. 

Boltxl.     See  Boultinx. 

Bolton.     See  Aechitkcts,  list  at,  186. 

Bond.  (Sai.)  Generally  the  method  of  connecting  two  or  more  bodies.  Used  in  the 
plural  number,  it  signifies  the  timbers  disposed  in  the  walls  of  a  house,  such  as  hand  Kai- 
bers,  Untds,  aoid  wall  plates.  The  term  chain  bond  is  somedmes  applied  to  the  bond  tim- 
bers placed  in  one  or  more  tiers  in  the  walls  of  each  story  of  a  building,  and  serving  not 
only  to  tie  the  walls  together  during  their  settlement,  but  afterwards  for  nailing  the 
finishings  to. 

Bond.  In  masonry  or  brickwork  is  the  disposition  of  stones  or  bricks,  so  that  vertiea]  joints 
may  not  &11  over  one  another.     See  p.  51 9. 

Bond  (Heart).  That  bond  which  occurs  when  two  atones  bang  placed  in  a  longitudinal 
position  extending  the  exact  thickness  of  the  wall,  another  stone  is  put  over  the  joints  in 
the  centre  of  the  wall 

Bond  Masonry.     See  Bound  Masonry. 

Bond  Stonbs.  Those  whose  longest  horizontal  <Urection  is  placed  in  the  thiekness  of  the 
work.     See  p.  530. 

BoNKiwo,  or  Boning.  (Etym.  doubtfol.)  The  act  of  judging  of  or  making  a  plane  surfiKe 
or  line  by  the  eye.  It  is  also  performed  by  joiners  with  two  straight  ec^es,  by  whicfa  it 
is  seen  whether  the  work  is  out  of  winding,  that  is,  whether  the  sui&k  be  plane  or 
twisted. 

BoMOKL     See  ARCHrrsctfs,  list  of,  308. 

Booth.  (British,  Bwth.)    A  stall  or  standing  in  a  fiur  or  market.  The  tarm  is  also  i 
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to  any  temporary  structure  for  shade  and  shelter,  as  also  for  wooden  builduigs  for  itineiant 
players  and  pedUurs. 

BoKDBRs.  (  Fk*.  Bord. )  Pieces  of  wood  put  round  the  upper  edges  of  any  thing,  either  for 
use  or  ornament.  Such  are  the  three  pieces  of  wood,  to  which  the  term  in  architecture 
is  more  usually  applied,  which  are  mitred  together  round  the  slab  of  a  chimney-piece. 

Bo&iva.  Tlie  art  of  perforating  any  solid.  For  wood  the  various  sorts  of  bits  are  described 
under  Br. 

BokaoMim.     See  AacBmcvs,  Hst  o^  S55. 

Boss.  (  Fr. )  In  sculpture,  a  projecting  mass  or  prominency  of  material,  to  be  afterwards 
cut  or  carred. 

Boss.  Amonff  bricklayers,  a  wooden  vessel  used  by  the  labourers  for  the  mortar  used  in 
tiling.  It  has  an  iron  hook,  by  which  it  hangs  on  the  laths  or  on  the  rounds  of  a 
ladder. 

BossAOB.  (Fr.)  Projecting  stones  laid  rough  in  building  to  be  afterward  cut  into  mould- 
ings or  carved  into  ornaments.  The  term  is  also  used  to  signify  rustic  work,  which  seems 
to  advance  before  the  naked  of  a  building,  by  reason  of  indentures  or  channels  left  at  the 
joints.  The  cavities  or  indentures  at  ^e  joints  are  sometimes  bevelled  or  chamfered, 
and  sometimes  circular. 

BoucHAanoir.     See  AacHrrccrs,  list  o^  S84. 

BouLDza  Walls.  Such  as  are  built  of  round  flints  or  pebbles  hud  in  strong  mortar.  This 
construction  is  used  where  there  is  a  beach  cast  up  by  the  sea,  or  where  there  is  an  abun- 
dance of  flints  in  the  neighbourhood. 

BouLTiMB  or  BoLTBL. '  A  name  sometimes  given  by  workmen  to  a  convex  moulding,  such 
as  an  ovolo. 

BooKD  or  Bond  Masokbt.  That  wherdn  the  stones  of  each  succeeding  course  are  laid  so 
that  the  joint  which  mounts  and  separates  two  stones  always  fidls  dire^y  over  the  middle 
of  the  stone  below. 

BoDTAMT.     See  Abc-boutamt. 

Bow.  (Sax.  Busen).  The  part  of  any  building  which  projects  flrom  a  straight  wall.  It 
is  sometimes  circular  and  sometimes  polygonal  on  the  pUoi,  or  rather  formed  by  two  ex- 
terior obtuse  angles.     Bows  on  polygonal  plans  are  called  canted  bow$. 

Bow.  Among  draughtsmen,  denotes  a  beam  of  wood  or  brass,  with  three  long  screws  that 
direct  a  lath  of  wood  or  steel  to  an  arch.  It  is  used  in  drawing  flat  arches  of  large 
radius. 

Bow  CoMPASSBS  are  instruments  for  describing  small  circles. 

Bow  Room.     A  room  having  a  bow  on  one  or  more  sides  of  it.     See  Bat  Window. 

Bow  Saw.     One  for  cutting  the  thin  edges  of  wood  into  curves. 

Bowlbbs  or  BoLDBBs.     See  Pavbmxnt. 

Box.    (Sax.)     Generally,  a  case  for  holding  any  thing. 

Box  FOB  MiTXBiNo.  A  trough  for  cutting  miters.  It  has  three  sides,  and  is  open  at  the 
ends,  with  cuts  on  the  vertical  sides  at  angles  of  forty-five  degrees  vrith  them. 

Box  OP  a  Rjb-saw.  Two  thin  iron  plates  fixed  to  a  handle,  in  one  of  which  plates  an 
opening  is  made  for  the  reception  of  a  wedge,  by  which  it  is  fixed  to  the  saw. 

Box  OP  a  Thbavbb.     One  of  tiie  subdivisions  in  die  tiers  round  the  circle. 

BoxxD  SHUTTBas.     See  Boxixos  op  a  Window. 

Boxings  or  a  Window.  The  cases  opporite  each  other  on  each  side  of  a  window,  into  which 
the  shutters  are  folded  or  foil  back.  The  shutters  of  principal  rooms  are  usuallv  in  two 
divisions  or  halves,  each  subdivided  into  others,  so  that  they  may  be  received  within  the 
boxings.  The  subdivirions  are  seldom  more  in  number  thim  three,  and  are  so  contrived 
that  the  subdivision  whose  face  is  visible,  which  is  called  the  front  diutter,  is  of  the  exact 
breadth  of  the  boxing,  and  also  flush  with  it ;  the  next,  hidden  in  the  boxing,  is  some* 
what  less  in  breadth  than  that  last  mentioned,  and  the  thud  still  less.  Suppose,  for  in- 
stance, a  window  four  feet  wide,  standing  in  a  two-brick  or  eighteen-ineh  wall ;  we  may 
thus  find  the  number  of  leaves  each  of  the  halves  must  have,  as  follows :  —  To  the  thick- 
ness of  the  wall  add  that  of  the  plastering,  say  S  inches,  and  we  have  SO  inches.  Now 
the  sash  fhune  w6  inches  in  thickness,  being  added  to  the  reveal  or  distance  a4^  indies 
of  the  sash  firame  firom  the  face  of  the  wall  sslO|  inches,  which,  subtracted  flrom  90,  the 
thickness  of  the  wall  and  plarter,  leaves  9|  inches.  This  will  give  three  leaves,  or  sub- 
divisions, and  as  it  is  usual  to  make  the  hadtftapefOft  those  flalded  within  the  boxings,  less 
than  the  front  shutter,  whose  foce  is  visible  and  flush  with  and  of  the  cfxaet  breadth  of 
the  boxings,  the  arrangement  mav  be  as  follows :  —  Fkxmt  shutter  9)  inches,  the  next  8 
inches,  and  the  third  6}  inches ;  m  all,  34  inches,  the  half  of  the  opening  of  the  window. 
It  will  be  perceived  that  no  allowance  has  been  made  for  the  shutters  b«ing  rebated  into 
each  other,  as  is  usually  the  case ;  and  for  this  half  an  inch  more  must  be  allowed  for  the 
two  rebates  of  the  three  leaves,  and  one  eighth  of  an  inch  for  the  rebate  at  the  meeting  of 
the  two  principal  divisions  in  the  middle  of  the  window,  making,  with  the  breadth  of  the 
three  subdiviriomb  S(4  +  f :  the  flaps,  therdbre»  may  be  thus  dispeaed:  -^  Front  leaf  9^ 
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inehes,  Moond  leaf  8^  ioehcs»  and  the  third  leaf  6|  inches ;  in  all  94|  inches^  being  fully 
the  width  of  each^nncipal  division.  To  find  the  depth  to  be  given  to  the  boxii^a,  to 
the  thickness  of  each  of  the  leaves  add  one  sixteenth  of  an  inch,  and  if  there  be  a  back 
lining  add  also  the  thickness  of  that.  The  second  and  third  flaps  are  almost  always 
thinner  than  the  front  leaf;  thus,  say  front  leaf  14  inch,  second  leaf  1^  inch,  and  third 
leaf  1)  inch  ;  to  which  add  A  for  the  three  leaves,  and  the  amount  will  stand  thus :  — 
14  •»•  14  4- 14  -I-  A**^  inches  &r  the  depth  of  the  boxings.  If  the  waUs  are  only  a  brick 
and  a  half  thick,  or  the  window  very  wide,  the  arehitrave  is  made  to  project  below  the 
free  of  the  plaster,  for  the  purpose  of  obtaining  width  for  the  boxings,  or  the  plaster  is 
brought  out  from  the  internal  face  of  the  wall  by  means  of  battening. 

BoTDBK.     See  Architbcts,  list  of,  132. 

BaAcs.  (Fr.  Embrasser.)  An  inclined  piece  of  timber  used  in  trussed  partitions  and  in 
framed  roofr,  in  order  to  form  a  triangle,  by  which  the  assemblage  of  pieces  composing 
the  framing  are  stiffened.  When  a  brace  is  used  to  support  a  rafter,  it  is  called  a  «fra€. 
When  braces  are  used  in  roofr  and  in  partitions,  they  should  be  diyosed  in  pairs,  and 
introduced  in  opposite  directions.     See  Amolb  Brags. 

BaACKR.  (Lat  Brachium.)  A  supporting  piece  lor  a  shelf.  When  the  shelf  is  broad 
the  brackets  are  small  trusses,  which  consist  of  a  vertical  pieces  an  horisontal  piece,  and 
a  strut ;  but  when  narrow  the  brackets  are  generally  solid  pieces  of  bowd,  usually  fii»Mfc<»J 
with  an  ogee  figure  on  their  outer  side. 

BaACKBVs  poa  Staiss  are  sometimes  used  under  the  ends  of  wooden  steps  next  to  the  weU> 
hole,  for  the  sake  of  ornament  only,  for  they  have  only  the  appearance  of  supports. 

BaACKsniio  poa  Coavicxs.  The  wooden  ribs  nailed  to  the  ceiling,  joists,  and  battening 
for  supporting  the  cornices  of  rooms  when  too  large  for  security,  by  the  mere  dependenoe 
on  the  adhesive  power  of  plaster  to  the  ceiling.  It  consists  of  vertical  ribs  whose  rough 
outline  is  that  of  the  cornice,  and  to  which  the  laths  are  nailed  for  sustaining  the  plaster 
in  which  the  mouldings  are  run.  The  bracketing  for  coves  is  only  an  enlargement  of  the 
scale  which  occurs  in  ordinary  cornices,  the  operation  bring  that  of  obtaining  a  set  of  ribs 
to  which  the  laths  may  be  niuled  for  the  reception  of  the  plastering.  The  ribs  in  ques- 
tion are  usually  out  of  deals,  whose  thickness  must  necosnsrily  vary  with  the  wrigfat  of 
plaster  they  have  to  support     See  p.  558,  et  seq, 

BaAD.  (Etym.  uncertain. )  A  thin  nail  used  in  joiuery  without  the  spreading  head  which 
other  nails  have,  the  projection  of  the  head  being  only  on  one  side.  There  are  variious 
sorts  of  brads,  such  bb  joiners*  bradt  for  hard  woods  ;  others,  called  batten  hrada,  for  softer 
woods ;  and  bill,  or  quarter  brade^  used  for  a  hastily  laid  floor.  When  brads  are  used 
they  are  generally  driven  below  the  surfrce  of  the  wood  through  the  medium  of  a  jnuuk, 
and  the  hole  is  filled  up  with  putty  to  prevent  an  appearance  of  the  nailing. 

BaAMANTX.     See  Architxcts,  list  oi,  167. 

Bramantiho.     See  AacHrrBcrs,  list  of,  156. 

Branchbs.  The  ribs  of  a  Gothic  vault,  rising  upwards  fit>m  the  tops  of  the  pillars  to  the 
apex.     They  appear  to  support  the  ceiling  or  vault. 

BRANBRirH.     A  fence  or  rail  round  the  opening  of  a  well. 

Brass.  A  metal  much  used  in  building.  It  is  an  alloy  of  copper  and  zinc,  whose  pro- 
portions vary  according  to  the  required  colour.  Four  parts  of  copper  and  one  of  rine 
form  a  good  brass,  llie  common  process  for  making  it  is  by  heating  copper  plates  in 
a  mixture  of  native  oxide  of  zinc,  or  calamine  and  charcoal. 

Brasses.  Sepulchral  plates,  generally  sunk  into  a  flat  grave-stone ;  sometimes  with  a  mere 
inscription,  but  very  frequently  with  effigies,  armorial  bearings,  and  other  derices  en- 
graved upon  it. 

BRATTisuiNa.    Interpreted,  we  know  not  how  truly,  as  the  carved  open  work  over  a  shrine. 

Brat.     See  Architxcts,  list  o^  176. 

Brxadtb.     The  greatest  extension  of  a  body  at  right  angles  to  its  length. 

Brxak.  The  recess  or  projection  of  any  part  within  or  beyond  the  general  free  of  the 
work.     In  either  case  it  is  to  be  considered  a  break. 

Break  ik.  In  carpentry,  is  the  cutting  or  breaking  a  hole  in  brickwork  with  the  ripping- 
chisel  for  the  purpose  of  inserting  timber,  or  to  recrive  plugs,  the  end  of  a  beam,  or 
the  like,  &c. 

Breakimo  Joint.  In  masonry  or  brickwork,  is  the  placing  a  stone  or  brick  over  the 
course  below,  in  such  a  manner  that  the  joint  above  shall  not  frU  vertically  immediately 
above  those  below  it. 

Breast  of  a  Chuckxt.  The  projecting  or  facing  portion  of  a  chimney  fit>nt  towards  a 
room  which  projects  into  it,  or  which,  from  other  construction,  may  not  have  a  break. 
It  is,  in  fiict,  the  wall  carried  up  over  the  front  of  a  fir^lace,  whether  projecting  or  noL 
See  Chimnbt. 

Breast  or  a  Wikdow.  The  masonry  or  brickwork  forming  the  back  of  the  recess  or 
parapet  under  the  window  sUl. 

.Breeze.     Small  ashes  and  cinders  used  instead  of  coal  for  the  burning  of  bricks. 
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3as88U1Cmxe  or  BKSAn  Sumaa.  That  is,  a  eununer  or  beam  placed  breastwise  for  the 
support  of  a  superincumbent  wall,  performing  in  iaot  the  office  of  a  lintel.  It  is  prin- 
oipidly  used  over  shop  windows  to  carry  the  upper  part  of  the  front,  and  supported  by 
iron  or  timber  posts,  though  sometimes  by  stone.  In  the  interior  of  a  building  the 
pieces  into  which  the  girders  are  framed  are  often  called  summers. 

BaarriiiGUAif.     See  Aachitbcts,  list  of,  294. 

BaxwHODSK.  An  establishment  for  the  manufactory  of  malt  liquors.  A  brewhouse  is 
generally  prorided  as  an  appendage  to  dwelling-houses  in  the  country,  for  brewing  the 
beer  used  by  the  fiunily. 

BaicK.  (Dutch,  Bricke.)  A  sort  of  fictitious  stone,  composed  of  an  argillaceous  earth, 
tempered  and  formed  in  moulds,  dried  in  the  sun,  and  finally  burnt  to  a  proper  degree  of 
hardness  in  a  clamp  or  kiln.  (See  Book  II.  Ch^.  II.  Sect.  9.)  The  method  pursued 
by  the  ancients  in  making  unbumt  bricks  is  described  by  Vitruvius,  book  iL  chap.  iii. 
After  mentioning  the  process,  that  author  thus  describes  the  different  sorts  in  use :  — 
**  There  are  three  sorts  of  bricks;  the  first  is  that  which  the  Greeks  call  Didoron  (BtBApov^ 
being  the  sort  we  use,  that  is,  one  foot  long  and  half  a  foot  wide.  The  other  two  sorts 
are  used  in  Grecian  buildings ;  one  is  called  Pentadoron,  the  other  Tetradoron.  By  the 
word  Doron,  the  Greeks  mean  a  palm,  because  the  word  i&poy  signifies  a  gift  which  can 
be  borne  in  the  palm  of  the  hand.  That  sort,  therefore,  which  is  five  palms  each  way  is 
called  Pentadoron ;  that  of  four  palms  Tetradoron.  The  former  of  these  two  sorts  is 
used  in  public  buildings ;  the  latter  in  private.  £ach  sort  has  half  bricks  made  to  suit 
it ;  so  that  when  a  wall  is  executed,  the  course  on  one  of  the  faces  of  the  wall  shows 
sides  of  whole  bricks,  the  other  five  of  half  bricks ;  and  being  worked  to  the  line  on  each 
fiice,  the  bricks  on  each  bed  bind  alternately  over  the  course  below.  Besides  the  pleasant 
varied  appearance  which  this  method  gives,  it  affords  additional  strength  by  the  middle 
of  a  brick  on  a  rising  course  filling  over  the  vertical  joints  of  the  course  thereunder.** 
Towards  the  dedioe  of  the  Republic,  the  Romans  made  great  use  of  bricks  as  a  building 
material.  According  to  Pliny,  those  most  in  use  were  a  foot  and  a  half  long,  and 
a  foot  broad.  Tkus  agrees  nearly  with  the  Roman  bricks  used  in  England,  which  are 
generally  found  to  be  about  seventeen  inches  in  length  by  eleven  inches  in  breadth. 
Ancient  bricks  are  generally  very  thin,  being  often  no  more  than  one  inch  and  a  half 
thick.  From  the  article  by  Quatremere  de  Qjuincy  in  the  Eneyc  MHhodique,  it  appears 
from  his  researches  among  the  antique  buildings  of  Rome,  he  found  bricks  of  the  following 
sixes.  The  least  were  7)  inches  (  French)  square  and  1}  inch  thick ;  the  medium  one  16} 
inches  square,  and  from  1 8  to  20  lines  in  thickness.  The  larger  ones  were  22  inches  square 
by  21  or  20  lines  thick.  The  smaller  ones  were  used  to  &ce  walls  of  rubble  work ;  and, 
for  making  better  bond  with  the  wall,  they  were  cut  diagonally  into  two  triangles,  the 
longer  side  being  placed  on  the  outside,  and  the  point  towards  the  interior  of  the  work. 
To  nuike  the  tie  more  eflfectual  between  the  rubble  and  the  facing,  they  placed  at  in- 
tervals of  4  feet  in  height,  one  or  two  courses  of  large  square  bricks.  The  larger  bricks 
were  also  used  for  the  arches  of  openings  to  discharge  the  superincumbent  weight. 

BaicKLATxas*  Woax  or  BaicKLATiMo.     See  Book  II.  Chap.  III.  Sect.  2. 

BaicKwoaK.     Any  work  performed  with  bricks  as  the  solid  material. 

BaiDOB.  (Sax.  Bpiss«.)  A  structure  for  the  purpose  of  connecting  the  opposite  banks 
of  a  river,  gorge,  valley,  &c.,  by  means  of  certain  materials,  forming  a  road- way  from  one 
side  to  the  other.  It  may  be  made  of  ston^  brick,  iron,  timber,  suspended  chains  or 
ropes,  or  the  road-way  may  be  obtained  by  means  of  boats  moored  in  the  stream.  On 
the  general  principles  for  the  situation  and  construction,  the  reader  is  referred  to 
Book  III.  Chap.  III.  Sect.  2. ;  and  for  the  principles  and  mode  of  constructing  arches, 
to  Book  II.  Chap.  I.  Sect  9. 

BaiDGK  Boa  an,  otherwise  called  Notch  Boa  an,  is  a  board  on  which  the  ends  of  the  steps 
of  wooden  stairs  are  &stened. 

BaiDox-ovxa.  A  term  used  when  several  parallel  timbers  occur,  and  another  piece  is  fixed 
transversely  over  them,  such  piece  is  then  said  to  bridge^over  the  parallel  pieces.  Thus 
in  framed  roofing,  the  oonomon  rafters  bridge-over  the  purlins ;  so,  in  framed  flooring, 
the  upper  joists,  to  which  the  flooring  is  fixed,  bridge-over  the  beams  or  binding-joists, 
and  for  this  reason  they  are  called  britfyinjf^jout$. 

BatnoK  Stonb.  A  stone  Uid  from  the  pavement  to  the  entrance  door  of  a  house,  over  a 
sunk  area,  and  supported  by  an  arch. 

Baiooin  Gunrxas  are  those  made  with  boards  supported  by  bearers,  and  covered  above 
with  lead. 

BaiDGivo  Flooxs  are  those  in  which  bridging-joists  are  employed.     See  p.  541. 

BxiDoiNO  Joists.  Those  which  are  sustained  by  transverse  beams  below,  called  binding 
joisU  /  also  those  joists  which  are  nailed  or  fixed  to  the  flooring-boards. 

BxiooiNos  or  Bxinoixo  Pikcks,  also  called  Stxutting  or  Stxainino  Pixcxs,  are  pieces 
placed  between  two  opposite  beams  to  prevent  their  nearer  approach,  as  raiters,  braces, 
strutSyike.     When  •  strutting-piece  ^Iso  serves  as  a  sill,  it  is  called  a  Miraininff  niL 
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Brinoikg-up  or  CAKBTiiro-irp.     A  term  used  by  workmen  to  denote  tniUding  up.     Tims, 

bringing-up  a  well  four  feet  means  building  it  up. 
Briosco.     See  A&chitbcts,  list  of,  802. 
Broached  Work.     See  Drotbd  and  Broached. 
Broad  Stomc     The  same  as  firee-stone. 
BaoMTiDM.  (Gr.)    In  ancient  Greek  Arehiteoture,  that  part  of  the  theatre  under  the  floor 

in  which  brasen  vessels  with  stones  in  them  were  placed  to  imitate  the  sound  of  thumfer. 
Bronss.     a  compound  metal  applied  to  Tarious  useful  and  ornamental  purpoaea.     Tbe 

composition  consists  of  6  to  13  parts  of  tin  and  100  parts  of  copper.     This  alloy   is 

heavier  and  more  tenacious  than  copper ;  it  is  also  much  more  fusible,  and  less  liable  to 

be  altered  by  exposure  to  the  air. 
Brossb,  Jacqdbs  dr.     See  Akcbitktts,  list  of,  848. 
BavirsLLRscHi.     See  Architscts,  list  oC  147. 

Budgst.     a  small  pocket  used  by  tilers  for  holding  the  nails  in  lathing  for  tiling. 
Buprar.    (FV.)    A  cabinet  or  cupboard  for  plate,  glass,  or  china.     Some  yean  biek  it  was 

the  practice  to  make  these  small  recesses  very  ornamental,  in  the  form  of  niches,  and  left 

open  in  the  front  to  display  the  contents.     At  present,  when  used,  they  are  generally 

closed  with  a  door. 
Builder.     A  person  who  contracts  for  performing  the  whole  of  the  different  artilieers* 

works  in  a  building. 
Building.  Used  as  a  substantive  is  the  mass  of  materials  shaped  into  an  edifice.     As  a 

participle,  it  is  the  constructing  and  raising  an  edifice  suited  to  the  purpoaes  for  which  it 

is  erected  ;  the  knowledge  requisite  for  the  design  and  construction  (^  buildings  being 

the  subject  of  this  work,  in  which  it  is  treated  under  its  various  heads. 
BuiLDiiro  Act.     An  act  passed  14  Geo.  S.  cap.  78.  for  regulating  buildings  within  the 

bills  of  mortality  of  London.     See  p.  819. 
Building  ot  Bsams.     The  same  as  Scarfiho.     See  p.  54S. 
BuLKsa.     A  term  used  in  Lincolnshire  to  signify  a  beam  or  rafter. 
Bull's  Ers.     Any  small  circular  aperture  for  the  admission  of  light  or  air. 
Bull's  Nose.    The  external  or  other  angle  of  a  polygon,  or  of  any  two  lines  meeting  at  an 

obtuse  angle. 
BuujEN  Nails.     Such  as  have  round  heads  with  short  shanks  turned  and  lacquered.  They 

are  principally  used  in  the  hangings  of  rooms. 
Bullock  Sheds.     Houses  or  sheds  for  fieeding  bullocks,  in  which  the  main  points  to  be 

observed  are  good  ventilation,  fiusility  in  feeding  and  cleaning  the  animals,  pcrfeet  drain- 

agCt  and  a  good  aspect.     They  ought  not  to  be  less  than  nineteen  feet  wide. 
Bundle  Pillar.    In  Gothic  architecture,  a  column  consisting  of  a  number  of  small  pillars 

round  its  circumference. 

BUONARROTTI,  M.  A.       ScC  ARCHITECTS,  Ust  of,  819. 

Buono.     See  ARcnrrECTs,  list  o^  95. 

BuoKo,  Baetolomeo*.     See  Architects,  list  o(  191. 

BuoNTALENn.     Scc  Architkcts,  list  of,  841.* 

Burlington,  Earl  op.     See  Architects,  list  o^  89S. 

Burroughs.    See  Architects,  list  d,  887. 

Buschetto.     See  Architects,  list  o^  1 8. 

BuTAHENTE.     See  AacHiTECTs,  list  of,  838. 

BuT-HiNGBs.  Those  employed  in  the  hanging  of  doors,  shutters,  casements,  &e.  They  are 
placed  on  the  edges  with  the  knuckle  projecting  on  the  side  in  which  the  damn  is  to 
open,  and  the  other  edges  stopping  against  a  small  piece  of  wood  left  in  the  thickness 
of  the  closure  so  as  to  keep  the  arris  entire.  Workmen  generally  sink  the  thickness  of 
the  hinges  flush  with  the  surface  of  the  edge  of  the  closure,  and  the  taU  paft  one  half 
into  the  jamb.  Of  but-hinges  there  are  several  kinds ;  such  as  $ti^  6«I-Am$ms,  which 
permit  tbe  closure  to  open  only  to  a  right  angle,  or  perhaps  a  little  more,  witiiout 
breaking  the  hinges ;  ruimg  hut-binges,  which  are  those  that  turn  upon  a  screw;  these  are 
most  employed  in  doors,  and  cause  the  door  to  rise  as  it  opens,  so  as  to  clear  the  carpet 
in  the  apartment ;  alip-off  hut-hingeB,  which  are  those  employed  where  a  door  or  window 
blind  is  required  to  be  taken  off  occasionally. 

BuTMENT.     Tlic  same  as  Abutment,  which  see. 

BuTMENr  Cheeks.  The  two  solid  sides  of  a  mortise.  The  thickness  o€  each  dieek  is 
usually  equal  to  the  thickness  of  tbe  mortise,  but  it  happens  that  circumstances  arise  to 
vary  this  thickness. 

BuTT-END  OP  A  PiECE  OP  TiM BER.     That  which  was  nearest  the  root  of  a  tree. 

Buttery.  A  store>room  for  provisions,  which,  if  possible,  should  be  on  the  north  side  ot 
a  building. 

Butting  Joint.  That  formed  by  the  surfiices  of  two  pieees  of  wood,  whereof  one  is  per- 
pendicular to  the  fibres,  and  the  other  in  their  direction,  or  making  an  ctblique  angle 
with  them,  as  for  example,  the  joints  made  by  the  struts  and  braces  with  the  tnias  poata. 
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Bu-rroir.  A  niuJl  piece  of  wood  or  metal,  made  to  turn  about  a  centre  for  fa^fammg  a 
door,  draw,  or  any  other  kind  of  closure.  The  centre  is  generally  a  nail,  which  should 
be  smooth,  rounded,  and  the  head  filed  even. 

BuTTABss.  (Fr.  Aboutir,  to  lie  out)  A  mass  of  brickwork  or  masonry  to  support  the 
side  of  a  wall  of  great  height,  or  pressed  on  the  opposite  side  by  a  bank  of  earth  or  body 
of  water.  Buttrenes  are  employed  against  the  piers  of  Gothic  buildings  to  resist  the 
thrust  of  the  vaulting.  See  Aac  Bootamt,  or  flying  buttress.  The  buttress  called  the 
pillared  buttress  is  formed  by  vertical  planes  attached  to  the  walls  themselves.  These 
sometimes  form  the  upright  terminations  of  flying  buttresses. 


Cabik.  (Brit.  Chabin.)  A  term  applied  to  the  huts  and  cottages  of  poor  people  and  to 
those  of  persons  in  a  savage  state  of  life. 

Cabins*.    (Fr.)     A  retired  room  in  an  edifice  set  apart  for  writing,  study,  or  the  preserv- 
ation of  any  thing  curious  or  valuable.     The  term  is  also  applied  to  an  apartment  at  the 
,  end  of  a  gidlery  in  which  pictures  are  hung,  or  small  pieces  of  sculpture,  medals,  bronzes^ 
and  other  curiosities  are  arranged. 

Cablx.  a  moulding  of  a  convex  circular  section,  rising  from  the  back  or  concave  surfiuse 
of  a  flute,  so  that  its  most  prominent  part  may  be  in  the  same  continued  circular  surfiice 
as  the  fillet  on  each  side  of  the  flute,  llras  the  surfiMe  of  a  flute  ii  that  of  a  concave 
cylinder,  and  that  of  the  cable  is  the  surfiMe  of  a  convex  cylinder,  with  tlie  axes  of  the 
cylinders  parallel  to  each  other*  The  cable  seems  to  represent  a  rope  or  staff  laid  in  the 
flute,  at  the  lower  part  of  which  it  is  placed  about  one  tl^ird  of  the  way  up. 

Cablxd  Coldmm.     One  in  which  cables,  as  described  in  the  last  article,  are  used. 

Cablid  Flotxs.     Such  as  are  filled  with  cables. 

Cabung.  The  filling  of  the  flutes  with  cables,  or  the  cables  themselves  so  disposed. 
Cabling  of  fiutes  was  not  frequently  used  in  the  works  of  antiquity.  The  flutes  of  the 
columns  of  the  arch  of  Constantine  are  filled  with  cables  to  about  one  third  of  the  height 
of  the  shaft.  Most  of  the  colunms  in  the  ruins  of  Baalbec,  Palmyra,  and  the  palace  of 
Diocletian  at  Spalatro^  have  neither  flutes  nor  cables.  In  modem  times  an  occasional 
abuse  has  been  practised  of  cabling  without  fluting,  as  in  the  church  della  Sapienxa  at 
Home. 

CAxa.  A  term  in  British  antiquity,  which,  like  the  Saxon  term  Chuttr^  denotes  a  castk^ 
and  is  generally  prefixed  to  the  names  of  places  fcntified  by  the  Ilomans. 

Caob,  in  carpentry,  is  an  outer  work  of  timber  inclosing  another  within  it  Thus  the  cage 
of  a  stair  is  the  wooden  inclosure  that  encircles  it. 

Caisson.  (Fr.)  A  large  and  strong  chest  of  timber,  water-tight,  used  in  large  and  rapid 
rivers  for  building  the  pier  of  a  bridge.  The  bottom  consists  of  a  grating  of  timber, 
contrived  in  such  a  manner  that  the  sides,  when  neceisary,  may  be  detached  from  it. 
The  ground  under  the  into&ded  pier  is  first  levelled,  and  the  caisscm  being  launched  and 
floated  into  its  proper  position,  it  is  sunk,  and  the  pier  built  therein  as  high  as  the  level 
of  the  water,  or  nearly  so.  The  sides  are  then  detached,  and  the  pier,  built  as  described, 
sinks  down  on  the  foundation  prepared  for  it.  The  tonnage  of  each  of  the  caissons  used 
at  Westminster  Bridge  was  equal  to  that  of  a  forty-gun  ship. 

Caissons  in  Vaultimo.  The  sunken  panueb  on  ceilings,  vaults,  and  cupolas.  See  Book 
III.  Chap.  II.  Sect.  S. 

CALCAasovs  Cbmkmts.     See  Cbiumt  in  the  body  of  the  worJE,  p.  505,  et  teg. 

Calcaksous  Eaktb.  a  species  of  earth  which  becomes  friable  by  burning,  and  is  after- 
wards reduced  to  an  impalpable  powder  by  mixing  it  with  water.  It  also  effervesces 
with  acids.  It  is  frequently  met  with  in  a  friable  or  compact  state  in  the  form  of 
chalk. 

CALDAaiuM.  (Lat.)  In  ancient  architecture  a  dose  vaulted  room,  in  which  persons  were 
brought  into  a  state  of  proftise  perspiration.  It  was  one  of  the  apartments  attached  to 
ancient  baths,  and  was  also  denominated  yaporarium.  Sudatorium,  and  LacoHieum, 

Caltpkn.  a  place  for  nourishing  calves.  It  is  generally  a  small  apartment  within  the 
cowhouse ;  but  the  practice  is  not  to  be  recommended,  as  it  keeps  the  cow  in  a  restless 
and  agitated  state,  and  prevents  her  from  feeding  well,  and  giving  that  quantity  of  imlk 
she  would  otherwise  furnish. 

Caubbb.   (Etym.  uncertain.)     The  greatest  extent  or  diameter  of  a  round  body. 

CALiBxa  CoMpAssxs.  Thosc  made  with  bent  legs  for  taking  the  diameter  of  a  convex  or 
concave  body  in  any  part.     See  Mould, 

Cauductc.  (Lat.)  Pipes  or  channels  disposed  along  the  walls  of  houses  and  apartments. 
They  were  used  by  the  ancients  to  convey  heat  to  the  remote  parts  of  the  house  from 
one  comiDon  furnace. 

CAurma.     See  CAuasa. 

Callias.     See  AacBirxcis,  list  o^  18. 
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Calucratbi.     See  AacHincn,  list  o^  is. 

CALLkMACHUs.     See  Architkctb,  list  of,  84. 

Calotte.  (Fr.)  A  coneavity  in  the  form  of  a  cup  or  niche,  letbed  and  plastered,  aerTing 
to  diminish  the  height  of  a  chapel,  alcove,  or  cabinet,  which  otherwise  would  appear  too 
high  for  the  breadth. 

Camaeorib.    (Or.)     An  elevation  terminated  with  an  arched  or  vaulted  head. 

Cambbh.  (Gr.)  An  arch  on  the  top  of  an  aperture  or  on  the  top  of  a  beam.  Hence 
camber  windows. 

Cambbb  Beams.  Those  which  form  a  curved  line  on  each  side  from  the  middle  of  their 
length.  All  beams  i»Uould,  to  some  degree,  if  possible,  be  cambered  ;  but  the  cambered 
hem  is  used  in  flats  and  church  platforms,  wherein,  after  being  covered  with  boards, 
these  are  covered  with  lead,  for  the  purpose  of  discharging  the  rain-water. 

Cambeatbd.    (Gr.)     The  same  as  arched. 

Camcs.  Small  slender  rods  of  cast  lead  in  glasing,  twelve  or  fourteen  indies  long,  of 
which,  by  drawing  them  separately  through  a  species  of  vice,  the  ghuders  make  tbeir 
turned  lead  for  receiving  the  glass  oif  casements. 

Camp  Cbiliho.     A  ceiling  whose  form  is  convex  inwardly. 

Campanile.    (It.  a  bell  tower.)     A  tower  for  the  reception  of  bells,  usually,  in  Italy, 
separated  from  the  church.     Many  of  the  campaniles  of  Italy  are  lofty  and  magnidcent 
structures.     That  at  Cremona  is  much  celebrated,  being  395  feet  hig^     It  consists  of  a 
square  tower,  rising  262  feet,  surmounted  by  two  octagonal  open  stories,  ornamented 
with  columns ;  a  conical  shaft  and  cross  terminate  the  elevation.     The  campanile  of 
Florence,  ftom  the  designs  of  Giotto,  though  in  had  taste,  has  claims  on  our  admiration 
for  its  richness  and  the  superiority  of  the  workmanship.     It  is  267  feet  high,  and  45  leet 
square.     The  most  remarkable  of  the  campaniles  in  the  country  mentioned  is  that  at 
Pisa,  commonly  called  the  **  Leaning  Tower.**     It  is  cylindrical  in  general  form,  and 
surrounded  by  eight  stories  of  columns,  placed  over  one  another,  each  having  its  enta- 
blature.    Each  column  carries  the  springing  of  two  arches,  and  there  is  an  open  gallery 
between  the  columns  and  the  circular  wall  of  the  tower.     The  height  of  the  last  story  of 
columns,  in  which  are  the  bells,  is  set  back  from  the  general  line  of  the  elevation.     The 
height  b  about  150  feet  to  the  platform,  whence  a  plumb  line  lowered  fidls  on  the 
leaning  side  nearly  1 3  feet  beyond  the  base  of  the  building. 

Campbell.     See  ARCHmcrs,  list  of,  271. 

Campbro.     See  AncHrrBcrs,  list  of,  1 98. 

Camp-shbbtivo  or  Campshot.     The  sill  or  cap  of  a  wharf  wall. 

Canal.  (It  Canale.)  A  duct  for  the  conveyance  of  a  fluid ;  thus  the  canal  of  an  aqueduct 
is  the  part  through  which  the  water  flows.  In  ancient  aqueducts  it  was  lined  with  a  coat 
of  mastic 

Canal.     A  term  sometimes  used  for  the  flutings  of  a  column  or  pilaster.     The  eamtd  of 

•  the  voivie  is  the  spiral  channel,  or  sinking  on  its  fkce,  commencing  at  the  eye,  and 
following  in  the  revolutions  of  the  volute.  The  canal  of  tkt  tarmier  is  the  channel  or 
groove  sunk  on  its  soiBte  to  throw  off  the  rain,  and  prevent  it  from  running  down  the 
bed  mould  of  the  comice. 

Cancblli.  (Lat)  Latticed  windows,  or  those  made  with  cross  bars  of  wood  or  iron. 
The  balusters  or  rails  which  close  in  the  bar  of  a  court  of  justice,  and  those  round  the 
altar  of  a  church,  are  also  so  called ;  hence  the  word  chancel. 

Candelabrum.  (Lat.  Candela.)  A  stand  or  support  on  which  the  ancients  placed  a 
lamp.  Candelabra  varied  in  form,  and  were  highly  decorated  with  the  stems  and  leaves 
of  plants,  parts  of  animals,  flowers,  and  the  like.  The  etymology  of  the  word  would 
seem  to  assimilate  the  candelabrum  to  our  candlestick ;  it  is,  however,  certain  that  the 
word  eandela  was  but  a  lamp,  whereof  the  candelabrum  was  the  support.  In  the  wwks 
of  Piranesi  some  of  the  finest  specimens  are  to  be  found.  The  most  curious,  however, 
as  respects  form,  use,  and  workmanship,  are  those  excavated  at  Herculaneum  and 
Pompeii.  They  are  all  of  bronze,  slender  in  tbeir  proportions,  and  perfectly  portable,  as 
they  rarely  in  height  exceed  five  feet.  On  none  of  the  candelabra  hitherto  found  is  there 
any  appearance  of  a  socket  or  pipe  at  top,  from  which  an  inference  as  to  the  use  of 
candles  could  be  made. 

Canepmorjb.  (Gr.  Kovif^opof,  bearing  a  basket)  Figures  of  young  persons,  of  either  sex, 
bearing  on  their  heads  baskets  containing  materids  for  sacrifice.  They  are  frequently 
confounded  with  caryatides,  firom  their  resemblance  in  point  of  attitude  and  the  modem 
abuse  of  their  i4;>plication. 

Canopt.  (Gr.  Koiroircioy.)  An  ornamented  covering  over  a  seat  of  state;  and  in  its 
extended  signification  any  covering  which  affords  protectimi  firom  above.  It  is  also  the 
label  or  projecting  roof  that  surrounds  the  arches  and  heads  of  gothio  niches. 

Cant.  An  external  angle  or  quoin  of  a  building.  Among  carpenters  it  is  used  as  a  Terb, 
to  signify  the  turning  of  a  piece  of  timber  which  has  been  brought  in  the  wrong  way  for 
their  work. 
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Cavt  Moulding.  One  with  one  or  more  bevelled,  inttead  of  curred,  sar&ees.  The  cAnt 
moulding  was  used  at  an  early  period  of  the  art. 

Cantalbter  or  Cantilxvrju  (Probably  from  Canterii  labrum,  the  tip  of  the  rafter.)  Blocks 
inserted  into  the  wall  of  a  building  for  supporting  a  balcony,  the  upper  members  of  a 
cornice,  or  the  eaves  of  a  house,  and  the  Hike.  They  answer  the  same  purpoee  as  mo- 
dillions,  mutules,  blocks,  brackets,  &c,  although  not  so  regularly  applied.  They  are,  in 
modern  use,  not  unfrequently  made  of  timber  or  east  iron,  and  project  considerably,  as  in 
the  church  of  St.  Paul,  Covent  Garden,  which  projects  one  quarter  of  the  height  of  the 
column. 

Cawtcd  CoLumr.  One  whose  horisontal  sections  are  polygons.  In  the  works  of  the 
ancients  it  is  rardy  met  with.  The  examples  immediately  occurring  to  us  are  the 
columns  of  the  portico  of  Philip  of  Macedon  and  of  the  temple  of  Cora. 

Camtrarus.  a  fountain  or  basin  of  water  in  the  centre  of  the  atrium  before  the  ancient 
churches,  wherein  persons  washed  their  (aces  and  hands  before  they  entered.  Among  the 
Romans  the  cantharus  of  a  fountain  was  the  part  out  of  which  the  water  issued. 

Canthbks  or  Canterii.  In  ancient  carpentry  the  common  rafters  of  a  roof,  whose  ends, 
say  some,  the  mutules  of  the  Doric  order  represent. 

Canting.  The  cutting  away  of  a  part  of  an  angular  body  at  one  of  its  angles,  so  that  its 
horizontal  section  becomes  thereby  the  portion  of  a  polygon  of  a  greater  number  of  sides 
whose  edges  are  parallel  from  the  intersection  of  the  a4ioining  planes. 

Cantoned  Building.  One  whose  angles  are  decorated  with  columns,  pilasters,  rustic 
quoins,  or  any  thing  projecting  beyond  the  naked  of  the  wall. 

Cap.  a  term  used  in  joinery,  signifying  the  uppermost  of  an  assemblage  of  parts.  It  is 
also  applied  to  the  capital  of  a  column,  the  cornice  of  a  door,  the  capping  or  uppermost 
member  of  the  surbase  of  a  room,  the  handrail  of  a  staircase,  &c. 

Capital.  (Lat.  Caput.)  The  head  or  uppermost  member  of  any  part  of  a  building  ;  but 
generally  applied  in  a  restricted  sense  to  that  of  a  column  or  pilaster  of  the  several  orders, 
to  which  (Sections  3,  4,  5,  6,  7.  Chap.  I.  Book  III.)  the  reader  is  referred  for  the  dif- 
ferences of  their  capitals.  The  chief  of  the  capitals  of  Eastern  and  Egyptian  architecture 
are  shown  in  J^s.  58, 59,  Scd 

CAprrAL,  ANGULAR,  llic  modcm  Ionic  capital,  whose  four  sides  are  alike,  showing  the 
volute  placed  at  an  angle  of  1 35^  on  all  the  faces. 

Capital  op  a  Baluster.     The  crowning  or  head  mouldings  of  it. 

Capital  op  a  Lantern.  The  covering  by  which  it  is  terminated ;  it  may  be  of  a  bell 
form,  that  of  a  dome,  spire,  or  other  regular  figure. 

Capital  op  a  Trigltpb.  The  square  band  which  projects  over  it.  In  the  Roman  Doric 
it  has  a  greater  projection  than  in  the  Grecian. 

Caprroll  (Lat)  In  ancient  carpentry  the  joints  or  braces  of  a  trussed  roofl  Seejige.  91 ,  92, 

Caracol.     a  term  sometimes  applied  to  a  staircase  in  the  form  of  a  helix  or  spiral. 

Caravan  SERA.  Among  the  Eastern  nations  a  large  public  building  or  inn  appropriated  to 
the  reception  and  lodgment  of  travellers  by  caravans  in  the  desert.  Though  the  cara- 
vansera  serves  the  purpose  of  an  inn,  there  is  this  essential  diflference  between  the  two, 
that  in  the  former  the  traveller  finds  nothing  either  for  the  use  of  himself  or  his  cattle, 
but  must  carry  all  bis  provisions  and  necessaries  with  him.  Caravanseras  are  also 
numerous  in  cities  (see  an  example,  ^^.  3S.),  where  they  serve,  not  only  as  inns,  but  as 
shops,  warehouses,  and  even  exchanges. 

Carcass.  The  naked  building  of  a  house  before  it  is  lathed  and  plaistered,  or  the  floors 
liud,  &c. 

Carcass  Flooring.  That  which  supports  the  boarding,  or  floor  boards,  above,  and  the 
ceiling  below,  being  a  grated  frame  of  Uniber,  varying  in  many  particulars  which  are 
described.  Book  II.  Chap.  III.  Sect.  4.,  in  the  body  of  the  work. 

Carcass  Roopino.  The  grated  frame  of  timber  work  which  spans  the  building,  and 
carries  the  boarding  and  other  covering.  The  method  of  framing  the  carcass  roofing  of 
a  building  in  its  varieties  is  given,  p.  544,  et  eeq. 

Cardinal  Scapi.     In  ancient  Roman  joinery,  the  stiles  of  doors. 

Carilepho.     See  AacHrrEcrs,  list  of,  83. 

Carolitic  Column.     One  with  a  foliated  shaft. 

Carpenter.  (Fr.  Charpentier.)  An  artificer  who  cuts,  forms,  and  shapes  timbers  for  the 
purpoaes  of  giving  strength  and  support  to  the  various  parts  which  are  of  timber,  in  the 
construction  of  buildings. 

Carpenter's  Rule.  The  rule  by  which  carpenters  take  their  dimensions,  and  also  through 
the  aid  of  a  brass  slide,  which  makes  it  a  sliding  rule,  are  enabled  to  make  calculations 
in  multiplication  and  division,  besides  other  operations. 

Carpenter's  Square.  An  instrument  whose  stock  End  blade  consists  of  an  iron  plate  of  one 
piece.  One  1^  is  eighteen  inches  long,  and  numbered  on  the  outer  edge  from  the  exterior 
angle  with  the  lower  part  of  the  figurejs  adjacent  to  the  interior  edge.     The  other  leg  is 

:  twelve  mches  long,  and  numbered  from  the  extcemity  towards  the  angle ;  the  figures  being 
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road  from  th«  internal  anffle,  as  on  the  other  side.  Eaoh  of  the  legs  U  about  an  ibcIi 
bioad.  This  instrument  is  not  only  used  as  a  square,  but  also  as  a  level  and  measuring 
rule. 

CAarniTRT.  (Lat.  Carpentum,  earred  wood.)  An  assemblage  of  pieoes  of  timber  con- 
nected by  framing,  or  letting  them  into  each  other,  as  are  the  pieoes  of  a  roo^  floor, 
centre,  he.  It  is  distinguished  from  Joinery  by  being  put  together,  without  the  use  of 
any  other  edge  tools  than  the  axe,  adse,  saw,  and  chisel,  whereas  joinery  requires  the  nae 
of  the  plane.  Tlie  leading  points  that  require  attention  in  sound  carpentry  are,  — > 
I.  the  quality  of  the  timber  used;  S.  the  disposition  of  the  pieoes  of  timber,  so  that 
each  may  be  in  such  direction,  with  nrference  to  the  fibres  of  the  wood,  as  to  be  most 
capable  of  performinff  its  office  properly  ;  9.  the  forms  and  dimenmons  of  the  pieces; 
4th.  the  manner  of  framing  the  pieces  into  each  other,  or  otherwise  uniting  them  by 
means  of  iron,  or  other  metal.  The  subject  of  carpentry  in  the  body  of  the  work  is 
treated  under  the  head  of  Mbchamical  CAaraiiTRT,  Book  II.  Chap.  I.  Sect.  ll.»  and 
of  PaACfiCAL  CAajpsNVRT,  in  the  same  Book,  Chap.  III.  Sect.  4. 

Carhara  Marblk.  The  name  of  a  species  of  white  marble  obtained  at  the  quarries  near 
the  town  bearing  that  name,  in  the  Tuscan  States.  It  was  called  marmar  kammm  and 
HjfMStnan  hj  the  ancients,  and  diflhrs  from  the  Fariem  marble  by  being  harder  in  texture^ 
and  less  bright  in  colour. 

Cakeiaob.  The  timber  frmmework  on  which  the  styes  of  a  wooden  staircase  are  supported. 
See  p.  44S. 

Carry  up.     See  Bring  up. 

Cartouch.  (Fr.)  A  name  given  to  the  modillion  of  a  cornice  used  internally.  It  is  alao 
used  to  denote  a  scroll  of  paper,  usually  in  the  form  <»f  a  tablet,  for  the  reception  of  an 
inscription.  In  Egyptian  architecture,  applied  to  those  parts  of  an  hieroglyphic  inserip* 
tion  enclosed  by  lines. 

Carvbr.  (Ceoitren.)  An  artificer  who  cuts  wood  into  various  forms  and  devicei;  Gsreu^, 
generally,  is  the  art  of  cutting  a  body  by  recesnon,  in  order  to  produce  the  representation 
of  an  ol^ject,  either  in  relief  or  rmeessed  witlun  the  general  surfooe.  In  this  sense  it 
equally  appli^  to  the  making  of  intaglios  as  to  that  of  making  cameos. 

Cartatxdbs.  Figures  used  instead  of  columns  for  the  support  of  an  entablature.  See 
Book  I.  Chap.  II.  Sect.  11.,  and  Book  III.  Chap.  I.  Sect  15. 

Casx.  The  outside  covering  of  any  thing,  or  that  in  which  it  may  be  encloeed.  It  u  also 
a  term  used  to  denote  the  carcass  of  a  house. 

Casb  Bags.  The  joists  framed  between  a  pair  of  girders  in  naked  flooring.  When  the 
flooring  joists  are  framed  with  one  of  their  ends  let  into  a  girder,  and  the  opposite  ends 
let  into  a  wall,  they  are  called  taU-bagt,  The  extent  of  the  case-bags  should  not  exceed 
ten  feet. 

Casb  or  a  Door.     The  wooden  firame  in  which  a  door  is  hung. 

Casb  or  a  Staib.     The  wall  surrounding  a  staircase. 

Cased.  A  term  signifying  that  the  outside  of  a  building  n  fiwed  or  covered  with  materials 
of  a  better  quality.  Thus,  a  brick  wall  is  said  to  be  cased  with  stones  or  with  a  brick 
superior  in  quality  to  that  used  in  the  inner  part  of  the  walL 

Casbd  Sasm  Frambs.  Those  which  have  thor  interior  vertical  sides  hollow,  to  admit  tiie 
weights  which  balance  the  sashes  bung  between  them. 

Casbmatb.     a  hollow  moulding,  such  as  the  comUo,  which  see. 

Casbmbbt.  a  gUied  frame  or  sash,  opening  on  hinges  affixed  to  the  vertical  sides  of  the 
frame  into  which  it  is  fitted. 

Casino.     See  Lining. 

CASiNOb  (It  a  small  house. )  A  term  ^»pUed  now  to  a  small  country  house ;  but  fiMmeriy 
to  one  capable  of  aSbrding  defence  on  a  small  scale  against  an  attacking  force. 

Castblla.  In  ancient  Roman  architecture,  reservoirs  in  which  the  waters  of  an  aque* 
duct  were  collected,  and  whence  the  water  was  conducted  through  leaden  pipes  to  the 
several  parts  of  a  city. 

Castbllatbd  Housbs.  Those  with  battlements  and  turrets,  in  imitation  of  ancient 
castles. 

Casting.  In  carpentry  and  joinery  a  term  synonymous  with  warping.  It  means  the 
bending  of  the  surfaces  of  a  piece  of  wood  fitmi  their  original  state,  caused  either  by  the 
gravity  of  the  material,  by  its  being  subject  to  unequal  temperature,  moistuie,  or  the 
ununiform  texture  of  the  materiaL 

Castlb.  (Lat  Castellum,  or  Sax.  CapceU)  A  building  fortified  fiir  military  defenee  ;  also  a 
house  with  towors,  usually  encompassed  with  walls  and  moats,  and  having  a  donjon  or 
keep  in  the  centre.  The  principal  castles  of  England  at  present  are  those  of  the  Tower 
of  London,  of  Dover,  Windsor,  Norwich,  &c  At  one  time  those  of  Harwood,  Sp<iflbrtb, 
Kenilworth,  Warwick,  Arundel,  and  others,  might  have  vied  with  these  in  importance. 
The  characteristics  of  a  castle  are  its  wdla  (embankments)  and  /bum  (ditchea) ;  firam  the 
former  whereof  the  walls  rise  usually  crowned  with  battlements,  and  flanked  by  eiroiilar 
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or  polygonal  bastions  at  the  angles  formed  by  the  walls.  These  were  pierced  for  gates, 
with  fixed  or  drawbridges,  and  towers  on  ^ach  side.  The  gates  of  considerable  strength 
were  further  guarded  by  descending  gratings,  called  porievlluea,  AH  the  apertures  were 
made  as  small  as  they  could  be,  oonsistent  with  internal  lighting. 

The  component  parts  of  the  oastle  were  —  the  fotBe  or  moat,  with  its  bridge ;  the  bar- 
baean,  which  was  in  advance  of  the  castle,  being  a  raised  mound  or  tower,  whose  outer 
walls  had  terraces  towards  the  castle,  with  their  bcuiions,  as  above-mentioned  ;  the  ffatt- 
kotue,  flanked  by  towers,  and  crowned  with  projections  called  maehieolationt,  through 
which  heavy  materials,  or  molten  lead,  were  dropped  on  the  assailants  entering  the  gate- 
way ;  the  outer  baiHttm,  or  bailey^  or  area  within  the  castle,  which  was  separated  from 
the  inner  ballium  by  an  embattled  wall  with  a  gatehouse,  and  in  which  the  stables  and 
other  offices  were  usually  seated ;  and  the  inner  bttUiwn,  for  the  residence  of  the  owner  or 
governor,  and  his  retinue ;  this,  at  one  comer,  or  in  the  centre,  had  a  eUmjon,  or  keep  tower, 
which  was  the  stronghold  of  the  place,  and  contained  a  state  apartment,  a  well,  and  a 
chapel ;  the  former  usually,  and  the  latter  frequently,  are  found  in  ancient  castles.  The 
reader  who  desires  detuled  information  on  this  matter  b  referred  to  King's  Af«ii.  Antiq, 
4  vols,  folio  ;  the  Archaeologia,  in  many  places ;  Leland*s  Collect  vol.  ii.  Ac.  &c. 
Catabision.  (Gr.  KoroiSccira.)     A  place  in  the  Greek  church,  under  the  altar,  in  which 

relics  are  deposited. 
Catacombs.  (Gr.  Kara,  against,  and  ViopMoi,  a  hollow  place.)  Subterraneous  places  for 
burying  the  dead.  The  hypogsea,  crypta,  and  cimeteria  of  the  ancients  were  used  for 
the  same  purpose.  In  some  cities  the  excavations  for  catacombs  were  of  vast  extent,  and 
were  used  for  other  purposes  than  those  of  sepulture ;  at  Syracuse,  for  instance,  the  same 
cavern  served  for  a  prison  as  well  as  a  public  cemetery.  It  has  been  said,  that  in  the  early 
ages  of  Christiaiuty  they  served  as  places  of  public  worship  or  devotion.  The  most 
cdebrated  for  their  extent  are  those  of  Rome,  Naples,  Syracuse,  &c.  ;  and  the  more  mo- 
dem ones  of  Paris,  which  have  been  formed  by  quarrying  for  the  stone^  whereof  a  great 
part  of  the  city  has  been  built 
Catapalco.  (It.  a  scaffbld.)  A  temporary  structure  of  carpentry,  decorated  with  paint- 
ing and  sculpture,  representing  a  tomb  or  cenotaph,  and  used  in  funeral  ceremonies. 
That  used  at  the  final  interment  of  Michel  Ai^elo,  at  Florence,  was  of  a  very  magnifi- 
cent description ;  and,  for  the  art  employed  on  it,  perhaps  unequalled  by  any  other  before 
or  unce  its  employment. 
Catch  Dkaik.     A  dndn  used  on  the  side  of  a  larger  open  one,  or  of  a  canal,  to  receive  the 

surplus  water  of  the  principal  conduit. 
Catsnakt  CiravK.  The  mechanical  curve  formed  by  a  heavy  flexible  cord  or  chain  of 
uniform  density,  hanging'  freely  from  the  two  extremities.  Galileo  first  noticed  it,  and 
proposed  it  as  the  proper  fi^re  for  an  arch  of  eqtiilibriunL  He,  however,  imagined'that  it 
was  the  same  as  the  paralxua.  It  was  James  Bemonrlli  who  first  investigated  its  nature, 
and  its  properties  were  thereafter  pointed  out  by  John  Bemouilli,  Huygois,  and  Leib- 
nitz. From  the  first  of  these  mathematicians,  the  following  geometrical  method  of  de- 
termining the  relations  between  the  parts  of  a  catenary  is  translated.  The  catenarean 
curve  is  of  two  kinds,  the  common,  which  is  formed  by  a  chain  equally  thick  or  equally 
heavy  in  all  its  points ;  or  uncommon,  which  is  formed  by  a  thread  unequally  thick,  that 
is,  which  in  all  its  points  is  unequally  heavy,  and  in  some  ratio  of  the  ordinates  of  a 
given  curve.  To  draw  the  common  catenary  mechanically,  suspend  on  a  vertical  plane 
a  chain  of  similar  and  equal  links  of  homogeneous  matters,  as  flexible  as  possible,  fVom 
any  two  points  not  in  a  perpendicular  line,  nor  so  distant  from  each  other  as  the  length 
of  the  chain.  Prick  the  plane  through  the  links  as  nearly  as  possible  in*  the  middle  of 
the  chain,  and  through  the  points  draw  the  catenary  (Jig.  1043.).  Let  the  chord  FBD  or 
Ybd  be  given,  and  the  abscissa  B  A  or  ft  A  intersecting  it  {^fig.  1 043. )  in  B  Or  6  at  a  given  angle. 
Draw  the  vertical  line  B  A  and  FBD  or  Ybd  at 
the  given  angle  on  the  plane.  Fix  one  end  of 
the  chain  at  F,  and  from  the  point  D  or  d,  with 
another  part  of  the  chain,  raise  or  lower  the 
chain  until  the  lower  part  coincide  with  A,  and 
through  points,  made  as  before,  draw  the  curve. 
To  draw  a  tangent  to  the  catenary :  let  DBF 
be  a  horizontal  line,  and  at  right  angles  to  BA 
from'  A  draw  AR  equal  to  the  curve  DA, 
obtained  as  before,  and  draw  BR,  which  bisect 
in  0.  At  right  angles  to  BR  draw  oC  inter- 
secting BA  continued  in  C.  Draw  CR,  and 
make  the  angle  BDT  equal  to  the  angle  ACR. 
DT  is  the  tangent  required,  and  BC  equals 
CR;  CA  is  the  tension  at  the  point  A,  or  the  horizontal  draft,  which,  in  a  catenary,  u 
in  every  point  the  same,  and  is  therefore  a  constent  quantity  ;  as  DB  :  BT: :  C A  •  AR ; 
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or  as  DB  :  BT  ::  the  ooDstant  quantity  CA  :  AB,  equal  to  the  length  of  the  chain 
AD. 

If  CH  be  drawn  through  C  at  right  an^ea  to  BC  it  is  called  the  directrix,  and  DH 
drawn  parallel  to  BC,  intersecting  ti^e  directrix  at  H,  is  the  tension  at  the  point  D,  being 
always  equal  to  the  sum  of  the  abscissa  and  constant  quantity.  With  the  centre  C  and 
radius  em  the  tension  DH  at  D*  CB,  cut  the  tangent  at  the  vertex  A  in  B,  then  AR  is 
the  length  of  the  chain  AD. 

-  AC  is  the  semt«axis  of  an  equilateral  hyperbola,  and  also  the  radius  of  currature  of  « 
circle  equicurved  with  it  and  the  catenary. 

In  the  triangle  CAR,  when  CA  is  the  radius,  then  the  tension  equals  CR,  the  secmnt 
of  the  angle  ACR(-BDC).  The  chain  AD  equals  AR,  the  tangent  of  the  aiuDe 
angle  and  the  absciss  AB  equals  CR— CA^SR.  Hence,  AC R  being  a  right-angled 
triangle,  it  is  manifest  that  when  two  of  the  five  quantities,  tix.  the  angles  the  tUmcin, 
the  length  ofthechmn  between  the  vertex  and  point  of  euqteiuujnt  the  conetant  quantity  or  tern' 
eion  at  the  vertex,  and  the  tension  at  the  points  of  suspension,  are  known,  ^e  other  three 
may  be  obtained  geometrically,  or  from  a  table  of  tangents  and  secants. 

Cathakikb  Whbbl.  In  Gothic  buildings  an  ornamented  window  or  compartment  of  a 
window  of  a  circular  form,  with  rosettes  or  radiating  divisions  or  spokes.  In  the  cathedral 
at  Rheims,  the  church  of  St.  Omer  at  Rouen,  in  Wmchester  Cathedral,  and  the  transepts 
of  Westminster  Abbey,  are  specimens,  among  many  others,  of  this  ^»ecies  of  omameDtal 
window. 

Cathbdral.  (  Gr.  Ko^c^m,  a  seat  or  throne. )  The  principal  church  of  a  province  or  diocese, 
wherein  the  throne  of  archbishop  or  bishop  is  placed.  It  was  originally  applied  to  the 
seats  in  which  the  bishop  and  presbyters  sat  in  their  assemblies.  In  after  times,  the 
bishop's  throne  was,  however,  placed  in  the  centre  of  the  apsis,  on  each  side  whereof  were 
inferior  seats  for  the  presbyters.  In  the  present  day  the  bishop's  throne  is  placed  on  one 
side  of  the  choir,  usually  on  that  towards  the  south. 

Cathxtus.  (Gr.  Ka0rros,  let  down.)  A  popendicular  line  passinff  through  the  centre  of  a 
cylindrical  body  as  a  baluster  or  a  column.  It  is  also  a  Ime  fitlling  perpendicularly,  and 
passing  through  the  centre  or  eye  of  the  volute  of  the  Ionic  capitaL 

Cattlb  Shbd,  or  Cattle  Houbx.  In  agricultural  buildings  an  erection  for  containing 
cattle  while  feeding,  or  otherwise.  The  cattle  shed  is,  of  course,  most  economically  con- 
structed when  built  against  walls  or  other  buildings.  If  cattle  sheds  are  built  in  isolated 
situations,  the  expense  of  a  double  shed  will  be  much  less  than  that  of  a  single  one,  to 
conUdn  the  same  number  of  cattle.  Buildings  of  this  description  should  be  well  ven- 
tilated, and  be  so  constructed  as  to  require  the  least  possible  labour  in  supplying  the 
food,  and  clearing  away  the  dung.  Tlie  stalls  should  be  placed  so  as  to  keep  the  cattle 
dry  and  clean,  with  suffici^it  druns  to  receive  the  ordure.  There  should  be  good 
provision  of  air  holes  in  the  roof;  and,  if  the  building  have  gables,  a  window  should  be 
placed  in  each  as  high  as  possible  with  moveable  luffer-boards,  as  in  granary  windows, 
which  may  be  eerily  opened  and  shut  by  means  of  a  rope  attached  to  a  lever  connected 
with  them.  These  precautions  will  much  tend  to  the  health  of  the  cattle,  and  even 
preserve  the  timbers,  which  in  such  buildings  are  peculiarly  apt  to  rot  at  an  early  period 
after  their  erection,  from  the  constant  alternations  of  dryness  and  moisture. 

Cattus.     a  moveable  shed  usually  fixed  <hi  wheels. 

Caulicoljb  or  Cadlicoll  (Lat.  Caulis,  a  stalk.)  The  eight  lesser  branches  or  stalks  in 
the  Corinthian  capital  springing  out  from  the  four  greater  or  principal  caules  or  stalks. 
The  eight  volutes  of  the  capital  of  the  order  in  question  are  sustained  by  four  caules  or 
leaves,  from  which  these  caullools  or  lesser  foliage  arise.  They  have  beoi  sometinies 
confounded  with  the  helices  in  the  middle,  and  bv  others  with  the  principal  stalks  whence 
they  arise.  Other  definitions  have  been  also  mcorrectly  given,  but  not  worth  notice 
here. 

Caulkimo  or  Cocxzvo.  The  mode  of  fixing  the  tie-beams  of  a  roof  or  the  binding  j<H8ts 
of  a  floor  down  to  the  wall-plates.  Formerly  this  was  performed  by  dovetailing  in  the 
following  manner :  —  A  small  part  of  the  depth  of  the  beam  at  the  end  of  the  under  side 
was  cut  in  the  form  of  a  dovetail,  and  to  receive  it  a  corresponding  notch  was  formed  in 
the  upper  side  of  the  wall-plate,  across  its  breadth,  making,  of  course,  the  wide  part  of 
the  dovetail  towards  the  exterior  part  of  the  wall,  so  that  the  beams,  when  laid  in  their 
notches,  and  the  roof  finished,  would  greatly  tend  to  prevent  the  walls  separating,  though 
strained  by  inward  pressure,  or  even  if  they  should  have  a  tendency  to  spread,  through 
accidents  or  bad  workmanship.  But  beams  so  fixed  have  been  found  liabJe  to  be  drawn 
to  a  certain  degree  out  of  the  notches  in  the  wall-plates  from  the  shrinking  of  the  timber; 
a  more  secure  mode  has  therefore  been  introduced,  which  obviates  all  hazard  of  one  being 
drawn  out  of  the  other  by  any  deficiency  of  seasoning  in  the  timbers,  or  by  any  changes 
of  weather. 

Caustic  Cur  vs.  (Gr.  Kai«,  to  bum.)  .  The  name  given  to  a  curve,  to  which  the  rays  of 
light,  reflected  or  refracted  by  another  curve,  are  tangents.     The  curve  is  of  two  kmds. 
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'  th6  eaiaanutie  and  ib»' dioBamstic  /  th6  fotmkr  being  caused  by  reflection,  atkd  th6  latter  by 
refraction. 

Cayjbdiux.  (Lat)  In  ancient  architecture  an  open  quadrangle  or  court  within  a  house. 
The  cavaedia  described  by  Vitnivius  are  of  five  species :  —  Tu$eanicum,  Cormthiwnt 
lUnutyhn  (with  four  columns),  DUpluviatmm  (uncovered),  and  Tettudinaium  (vaulted). 
Some  authors  have  made  the  cavsBdium  the  same  as  the  atrium  and  vestibulum,  but  they 
were  essentially  different. 

Cavx.  {1st,  Cavum.)  A  hollow  place.  Perhaps  the  oldest  species  of  architecture  on 
record. 

Cavb.c  (Lat.)  In  ancient  architecture  the  subterranean  cells  in  an  amphitheatre,  wherein 
the  wild  beasts  were  confined  in  readiness  for  the  fights  of  the  arena.  In  the  end  the 
amphitheatre  itself  (by  synecdoche)  was  called  cavea,  in  which  sense  it  is  employed  by 
Amnuanus  Marcellinus,  Ub.  xxix.  cap.  L 

Cavctto.  (Lat  Cavus.)  A  hollowed  moulding,  whose  profile  is  the  quadrant  of  a  circle. 
It  is  principally  used  in  cornices. 

CsDAa.  (Gr.  KcSpot.)  The  pinus  cedrus  of  Linnaeus,  a  forest  tree  little  used  in  this 
country,  except  for  cabinet  work.     See  p.  484. 

Cxi  LI  NO.  (Lat.  Coelum. )  The  upper  horizontal  or  curved  surfiuse  of  an  apartment  opposite 
the  floor,  usually  finbhed  with  plastered  work.  The  subject  of  ceilings  is  treated  of  at 
length  in  Sect  2S.  Chap.  L  Book  IIL 

CxiuKo  Floor.     The  joisting  and  ceiling  supported  by  the  beams  of  the  roof. 

CxiLiMO  Joists.     Small  beams,  which  are  either  mortised  into  the  sides  of  the  binding 

'  joists,  or  notched  upon  and  nailed  up  to  the  under  sides  of  those  joists.      llie  last  mode 

diminishes  the  height  of  tiie  room,  but  is  more  easily  executed,  and  is  by  some  thought 

not  so  liable  to  break  the  plaster  as  when  the  ends  of  the  ceiling-joists  are  inserted  into 

ptdteff  mortuea, 

CxLxa.     See  AacHrrxcrs,  list  ot,  42. 

Cell.  (Lat  Cella.)  In  ancient  architecture  the  part  of  a  temple  within  the  walls.  It  was 
also  called  the  naost  whence  our  nave  in  a  church.  The  part  of  a  temple  in  front  of  the 
cell  was  caUed  the  pronaoMy  and  that  in  the  rear  the  potHewn. 

CxLLAK.  (Fr.  Cellier.)     The  lower  story  of  a  building,  when  wholly  or  partly  under  the 
\  level  of  the  ground. 

Cbxknt.  (Lat  Cementum.)     The  medium  through  which  stones,  bricks^  or  any  other 
^  materials  are  made  to  adhere  to  each  other.    The  different  cements  for  stones  and  bricks, 

'  the  most  important  in  building,  are  treated  of  in  Book  II.  Chap.  II.  Sect  10. 

Celtic  AacHRxcTuax.     See  Book  I.  Chap.  II.  Sect  1. 

CxKXTXRT.  (Gr.  Kci/uu,  I  lie  dead.)    An  edifice  or  area  where  the  dead  are  interred.  The 

\  most  celebrated  public  cemeteries  of  Europe  are  those  of  Naples,  of  that  in  the  vicinity 

of  Bologna,  of  Pisa,  and  of  the  more  modem  ones  of  Paris,  whereof  that  of  P4re  la  Chaise 

is  the  principaL     That  of  Pisa  is  particularly  distinguished  by  the  beauty  of  its  form  and 

architecture,  which  is  of  early  Italian  Gothic.     It  is  490  feet  long,  170foet  wide,  and 

'  60  feet  high,  cloistered  round  the  four  sides. 

CxxoTAPH.  (Gr.  K€f«»,  empty,  and  Ta^f,  a  s^ulehre.)  A  monument  erected  to  the 
memory  of  a  person  buried  in  another  place. 

CxHTxaiNo.  Tlie  temporary  woodwork  or  framing  whereon  any  vaulted  work  is  con- 
structed, sometimes  called  a  ctntre.  The  principle  upon  which  centering  is  constructed 
will  be  found  under  the  heads  of  Mxchamical  Caxfentrt,  Book  II.  Chap.  I.  Sect  1 1 . 
and  of  PaACTicAL  CABPXirraT,  Book  II.  Chap.  III.  Sect  4. 

CxNTax.  (Lat  Centrum.)     In  a  general  sense  denotes  a  point  equally  remote  from  the  ex- 
tremes of  a  line,  superficies,  or  body,  or  it  is  the  middle  of  a  line  or  plane  by  which  a 
figure  or  body  is  divided  into  two  equal  parts ;  or  the  middle  4M>int  so  dividing  a  line, 
'  plane,  ot  solid,  that  some  certain  effects  are  equal  on  all  its  sides.     For  example,  in  a 

circle  the  centre  is  every  where  at  equal  distance  from  the  circumference ;  in  a  sphere 
'  the  centre  is  a  point  at  the  same  distance  firom  every  point  in  the  surface. 

CxMTaxs  OF  A  Dooa.     The  two  pivots  on  which  the  door  revolves. 

CxNTEOUNEAD.  Au  instrument  for  drawing  Ikies  converging  to  a  point  at  any  required 
distance,  whether  accessible  or  inaccessible. 

CxaoMA.  (Gr.)     An  apartment  in  the  Gymnasia  and  baths  of  the  ancients,  where  the 
bathers  and  wrestlers  were  anointed  with  oil  thickened  by  wax,  as  the  name  imports. 
^  Cxssvool,  or  Sksspool.     A  well  sunk  under  the  mouth  of  a  drain  to  receive  the  sediment 

which  might  choke  up  its  passage. 

Chain  Tiiuxas.     See  Bond. 

Cbalcidicitm.  <Lat)  In  ancient  architecture  a  term  used  by  Vitruvius  to  denote  a  large 
building  appropriated  to  the  purpose  of  administering  justice,  but  applied  sometimes  to 
the  tribunal  itsel£  According  to  Festus,  the  name  is  derived  from  Chalcis,  a  city  in 
Eubosa. 

C«AXK.  (Germ.  Kalk.)     Earthy  oarbonate  of  lime,  found  in  abundance  in  Great  Britain^ 
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and,  indeed,  in  moet  parts  of  the  world.  It  is  insoluble  in  water,  Iwt  deoompoaed  by  heat, 
and  sometimes  used  in  masonry  for  the  same  purposes  as  limestone. 

Chambbr.  (Fr.  Chambre.)  Properly  a  room  Taulted  or  arched,  but  the  word  ia  now 
oanerally  used  in  a  more  restricted  sense  to  signify  an  apartmoit  appn^iiated  to 
lodging.  With  the  French  the  word  has  a  much  more  extensiTe  meaning  ;  but  with  us 
the  almost  only  use  of  it,  beyond  what  u  above  stated,  is  as  applied  in  a  palace  to  the 
room  in  which  the  soTereign  receiTcs  the  subject,  which  room  is  called  the  Preaenee 
Chamber. 

CuAif  BBR  OP  A  Lock.  In  canals  the  space  between  the  gates  in  which  the  Tessels  rise  and 
sink  from  one  level  to  another,  in  order  to  pass  the  lock. 

Chambbb  Stoar.  That  story  okT  a  house  appropriated  for  bed-rooms.  In  good  bouse 
it  should  never  be  leas  than  ten  feet  high,  in  better  houses  from  twelve  feet  to  fiAecn 
feet 

Chambbbs.     See  Abchitbcts,  list  of,  SOO. 

Chambbanlb.  (F^.)  An  ornamental  bordering  on  the  sides  and  tops  of  doors,  windows, 
and  fireplaces.  This  ornament  is  generally  taken  from  the  architrave  of  the  order  of 
the  building.  In  window  frames  tlM  sUl  is  also  ornamental,  forming  a  fourth  side.  The 
top  of  a  three-sided  chambranle  is  called  the  fraasocrse,  and  the  sides  tucendamis. 

Champbr.  (Fr.  Chamfrein.)  The  arris  of  anything  originally  right-angled  cut  a  sk^  or 
bevel,  so  that  the  plane  it  then  forms  is  inclined  less  than  a  right  angle  to  the  other 
planes  with  which  it  intersects. 

CHAMrAiN  LiBB.  In  ornamental  carved  work  formed  of  excavations  is  the  line  parallel  to 
the  continuous  line,  either  ascending  or  descending. 

Chavcbl.  That  part  of  the  eastern  end  of  a  church  in  which  the  altar  is  placed.  See 
Cahcblli.  This  is  the  strict  meaning ;  but  in  many  oases  the  chancel  extends  much 
further  into  the  church,  the  original  divisions  having  been  removed  for  accommodating  a 
larger  congr^ation.  The  word  is  also  used  to  denote  a  separate  divinon  of  the  ancient 
baalica,  latt&Md  olF  to  separate  the  Judges  and  council  from  the  audience  part  of  the 
place. 

Chakdbt.  An  apartment  in  a  palace  or  royal  dwelling  for  depositing  candles  and  other 
Ughts. 

Chahmbl.  (Fr.  Canal.)     A  long  gutter  or  canal  sunk  below  the  surfi^e  of  a  body. 

Chamnbl  op  tbb  Labkibb.     See  Canal  op  tub  Labmibb. 

Chanmbl  op  thb  Volutb.     See  Canai.  op  tub  Volutb. 

Chavkbl  Stonbs.  In  paving  are  those  prepared  for  gutters  or  channeh,  serving  to  ooUeet 
and  run  off  the  rain  water  with  a  current. 

Chantbt.  (Lat.  Cantaria.)  A  little  chapel  in  ancient  churches  with  an  endowment  for 
one  or  more  priests  to  say  mass  for  the  release  of  souls  out  of  purgatory.  In  the  four- 
teenth year  of  Edward  VI.  all  the  chantries  in  England  were  dissolved :  at  this  period 
there  were  no  less  than  forty-seven  attached  to  St  Paul*s  CathedraL 

Cmapbl.  (Lat  Capella.)  A  building  for  religious  worship,  erected  separatdy  fr!om  a 
church,  and  served  by  a  chaplain.  In  Catholic  churches,  and  in  catiiedrals  and  abbey 
churches,  chapels  are^  usually  annexed  in  the  recesses  on  the  sides  of  the  aisles.  These 
are  also  called  chantries. 

Chapiter.     The  same  as  Carcal,  which  see. 

Chaplbt.  (Fr.  Chapelet.)  A  moulding  carved  into  beads,  olives,  and  the  like.  See 
Baqubttb. 

CuAPTBB  HonsB.  In  ecclesiastical  architecture  the  apartment  (usually  attached)  of  a 
cathedral  or  collegiate  church  in  which  the  heads  of  the  church  or  the  chapter  meet  to 
transact  business. 

Chaptrbl.  (Fr.)     The  same  as  Impost,  which  see. 

Charobo.  a  term  used  to  denote  that  one  member  of  a  piece  of  arvdiitecture  is  sustuned 
by  another.     A  friexe  is  said  to  be  eharffed  with  the  ornament  cut  on  it 

Charkxl  Housb.     a  place  where  the  bones  of  the  dead  are  deposited. 

Chabtophylacidm.  a  recess  or  apartment  for  the  preservation  of  records  or  valuable 
writings. 

Chasb.  An  upright  indent  cut  in  a  wall  for  the  joining  another  to  it,  so  as  to  hide  light 
and  exclude  air. 

CuASB  MoRTisB,  or  PuLLBT  MoBTisB.  A  long  mortisc  cut  lengthwise  in  one  of  a  pair  of 
parallel  timbers,  for  the  insertion  of  one  end  of  a  transverse  timber,  by  "»i»>rVg  the  latter 
revolve  round  a  centre  at  the  other  end,  which  is  fixed  in  the  other  parallel  timber. 
This  may  be  exemplified  in  ceiling  joists  where  the  binding  joists  are  the  parallel  timbers 
first  fixed,  and  the  ceiling  are  the  transverse  joists.  See  PaAcricAf.  Carpbhtrt,  in  the 
body  of  the  work. 

Chbbbs.  Two  upright,  equal,  and  similar  parts  of  any  piece  of  timber-work.  Such,  for 
instance,  as  the  sides  of  a  dormer  window. 

Chbbks  op  a  Mobtisb  are  the  two  solid  parts  upon  the  sides  of  the  mortise.     Tlie  thick- 
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ness  of  etch  cheek  should  not  be  leas  than  the  thickness  of  the  mortise,  except  mouldings 
on  the  stiles  absolutely  require  it  to  be  otherwise. 

Chxkss  Room.  A  room  set  apart  for  the  reception  of  cheeses  after  they  are  made.  The 
w/ills  should  be  lined,  and  fitted  up  with  sbelves  with  one  or  more  stages,  according  to 
the  size  of  the  room,  and  proper  gangways  for  commodious  passage.  In  places 
where  much  cheese  is  manufactured,  the  dairy-room' may  be  placed  below,  the  shel^room 
directly  above,  and  lofts  may  be  buUt  over  the  shelf-room,  with  trap  doors  through  each 
floor.  This  will  save  muc^  carriage,  and  will  be  found  advantageous  for  drying  the 
cheeses. 

Chxqdkbs.  In  masonry,  are  stones  in  the  facings  of  walls,  which  have  all  their  thin  joints 
continued  in  straight  lines,  without  interruption  or  breaking  joints.  Walls  built  in  this 
manner  are  of  the  very  worst  description ;  particularly  when  the  joints  are  made  hori- 
sontal  and  verticaL  Those  which  consist  of  diagonal  joints,  or  joints  inclined  to  the 
horison,  were  used  by  the  Romans. 

Cbksmut  or  Cbkstmut.     The/agu$  eastanetu    A  forest  tree  used  in  building.     See  p.  463. 

Chbst.     The  same  as  caisson,  which  see. 

Cubvron  Woek.  A  rigsag  ornament  used  in  the  archivolts  of  Saxon  and  Norman  arches 
(site  fig.  188.).  The  outline  of  chevron  work  is  a  oocgunction  of  right  lines  of  equal 
lengths  alternately  disposed  so  as  to  form  exterior  and  interior  angles,  and  at  the  same 
time  having  all  the  angular  points  in  the  same  straight  line,  or  in  the  same  curve  line 
when  the  chevron  work  is  used  for  ornamenting  arches. 

Chichklk.     See  AacunxcTS,  list  o^  1 46. 

Chimney.  (Fr.  Chemin^e.)  The  place  in  a  room  where  a  fire  is  burnt,  and  from  which  the 
smoke  is  carried  away  by  means  of  a  conduit,  called  a  flue.  Chinmeys  are  usually  made 
by  a  projection  from  a  wall,  and  recess  in  the  same  from  the  floor  ascending  within  the 
limits  of  the  projection  and  the  recess.  That  part  of  the  opening  which  fiuses  the  room 
is  properly  call^  the  jif replace,  the  stone  or  marble  under  which  is  called  the  hearth. 
That  on  a  level  with  and  in  front  of  it  is  called  the  dab.  The  vertical  sides  of  the  opening 
are  called  jican&«.  The  head  of  the  fore-plate  resting  on  the  jambs  is  called  the  manid, 
and  the  cavity  or  hollow  fVom  the  fireplace  to  tiie  top  of  the  room  is  called  the  ftamd. 
The  part  of  ^e  fuimel  which  contracts  as  it  ascends  is  termed  the  gatKeringy  by  some  the 
gatktring  of  the  wings.  The  tube  or  cavity,  of  a  parallelogrammatic  form,  on  the  place 
from  where  the  gathering  ceases,  up  to  the  top  of  the  chimney,  is  called  the  fius.  The 
part  between  the  gathering  and  the  flue  is  called  tiie  throat,  Tlie  part  of  the  wall  facing 
the  room,  and  fcvming  one  side  of  the  funnel  parallel  thereto,  or  the  part  of  the  wall 
forming  the  sides  of  the  f^nels  where  tiiere  are  more  than  one,  is  the  hrtast.  In  external 
walls,  that  side  of  the  funnel  opposite  the  breast  is  called  the  hath,  ¥^en  there  is  more 
than  one  chimney  in  the  same  wall,  the  solid  parts  that  divide  them  are  called  wUhs : 
and  when  several  chimneys  are  collected  into  one  mass,  it  is  called  a  staeh  of  chimneys. 
The  part  which  rises  above  the  roo^  for  discharging  the  smoke  into  the  air,  is  called  a 
chimneff  shaft,  whose  horizontal  upper  surfiwe  is  termed  the  chinmeg'top. 

The  covings  were  fi>rmerly  placed  at  right  angles  to  the  fiu»  of  the  wall,  and  the 
chimney  was  finuBhed  in  that  manner ;  but  Count  Rumford  showed  that  more  heat  b 
obtained  from  the  fire  by  reflection  when  the  covings  are  placed  in  an  oblique  position. 
He  likewise  directed  that  the  fire  itself  should  be  kept  as  near  to  the  hearth  as  possible, 
and  that  the  throat  of  the  chimney  should  be  constructed  much  narrower  than  had  been 
practised,  with  the  view  of  preventing  the  escape  of  so  much  heated  air  as  happened 
with  wide  throats.  If  the  throat  be  too  near  the  fire,  the  draught  will  be  too  strong, 
and  the  fbel  will  be  wasted ;  if  it  be  too  high  up,  the  draught  will  be  too  languid,  and 
there  will  be  a  danger  of  the  smoke  being  occasionally  beat  back  into  the  room. 

Chimnxt  Pnccx.     See  Book  III.  Chap.  I.  Sect  22. 

Chinksb  AacHrrECTuas.     See  Book  I.  Chap.  II.  Sect.  8. 

Crip.     A  piece  of  any  material  cut  by  an  acute-angled  instrument. 

Chieosophds.     See  AacRrrxcrs,  list  of,  7. 

Chisel.     An  instrument  used  in  masonry,  carpentry,  and  joinery,  and  also  by  carvera  and 
statuaries,  for  cutting  either  by  pressure  or  by  impulse  from  the  blows  of  a  mallet  or 
hammer.     There  are  various  kinds  of  chisels ;  the  principal  ones  used  in  carpentry  and 
joinery  are  the  former,  the  paring  chisel,  the  gouge,  the  mortise  chisel,  the  sochet  chisel,  and 
the  ripping  ehiseL  . 

Chiseled  Woek.     In  masonry,  the  sUte  of  stones  whose  surface  is  formed  by  the  cniaeu 

CHir.     An  instrument  used  for  cleaving  laths.  ^ 

Choie.  (Gr.  Xopot.)  The  part  of  a  church  in  which  the  choristers  sing  divine  service,     in 

former  times  it  was  raised  separate  from  the  altar,  with  a  pulpit  on  each  side,  in  ^^^^ 

the  epistles  and  gospds  were  recited,  as  is  still  the  case  in  several  churches  on  *"f       ^^^ 

tinent.     It  was  separated  from  the  nave  in  the  time  of  Constantine.     In  »^'*'*^^  ^y^^ 

choir  is  a  large  apartment,  separated  by  a  grate  from  the  body  of  the  church,  wnc 

nuns  chaunt  the  service. 
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CRoaAOic  MoKUMxifT.  (Or.  Xopot.)  In  Grecian  architecture,  a  monoment  erected  in 
honour  of  the  choragiu  who  gained  the  prize  by  the  exhibition  of  the  best  muncal  or 
theatrical  entertainment  at  the  festivals  of  Bacchus.  The  choragi  were  the  heads  of  the 
ten  tribes  at  Athens,  who  overlooked  and  arranged  the  games  at  their  own  expense.  The 
prise  was  usually  a  tripod,  which  the  victor  was  bound  publicly  to  exhibit,  for  wfaidi 
purpose  a  building  or  column  was  usually  erected.  The  remains  of  two  very  fine 
monuments  of  this  sort,  viz.  of  Lysicrates  and  Thrasyllus,  are  still  to  be  seen  at 
Athens.     See  p.  69. 

CHoao.  In  geometry,  the  straight  line  whi<^  joins  the  two  extremities  of  the  arc  €f  m, 
curve ;  so  called  from  the  resemblance  which  the  are  and  chord  together  have  to  a  bow 
and  its  string,  the  chord  representing  the  string. 

Chsismas.     See  AacHiracrs,  list  c£,  269. 

CHaisTOBOLO.     See  AacHiTXcrs,  list  o^  154. 

CHarsas.     See  Archztxcts,  list  o^  63. 

CHvacM.  (Gr.  Kvpuuew,  from  Kvptos,  Lord.)     A  building  dedicated  to  the  performance  of 
Christian  worship.    For  the  general  principles  on  which  churches  are  to  be  designed  see 
Book  III.  Chap.  III.  Sect  S.,  also  in  Book  I.  Chap.  II.   Sect  14.    From  these  latter 
it  will  be  seen  that  the  basilicae  were  the  first  buildings  used  for  the  assembly  of  the 
early    Christians.     Among  the  first  of  the  churches  was  that  of  St  Peter  at   Rome, 
about  the  year  SS96,  nearly  on  the  site  of  the  present  church  ;  and  it  is  supposed  that  the 
first  church  of  St  Sophia  at  Constantinople  was  built  somewhat  on  its  modeL    That  which 
was  afterwards  erected  by  Justinian  seems,  in  its  turn,  to  have  afforded  the  modd  of 
St.Mark1i  at  Venice,  which  was  the  first  in  Italy  constructed  with  pendentives  and 
a  dome,  the  former  affording  the  means  of  covering  a  square  plan  with  an  hemispherical 
vault.     The  four  most  celebrated  churches  in  Europe  erected  since  the  revival  of  the 
arts  are,  St  Feter*s  at  Rome,  which  stands  on  an  area  of  327,069  feet  superficial ;  Sta. 
Maria  del  Fiore  at  Florence,  standing  on  84,002  feet ;  St.  Pisul's,  London,  vhich  stands 
on  84,085  feet,  and  St.  Genevieve  at  Paris,  60,287  feet     The  churches  on  the  Continent 
are  usually  ranged  under  seven  classes :  pontifieai,  as  St.  Peter*s,  where  the  pope  oocasion- 
ally  officiates  ;  patriar^al,  where  the  govemm«it  is  in  a  patriarch ;  nutroptiitan,  where  an 
archbishop  u  the  head ;  cathedral,  where  a  bishop  presides ;  eoUeffiate,  when  atteehed  to  a 
college ;  parochial,  attached  to  a  parish ;  and  convemtmal  when  belonging  to  a  convent 
In  this  country  the  churches  are  cathedral,  abbey,  and  parochial. 

CiBoaiuM.  (KiC«|piov.)  An  insulated  erection  open  on  each  side  with  arches,  and  having  a 
dome  of  ogee  form  carried  or  supported  by  four  columns.  It  is  also  the  coffer  or  case  in 
which  the  host  b  deposited. 

CicciOMX.     See  AacHrrxcrs,  list  of,  158. 

CzLxsY.     The  drapenr  or  foliage  carved  on  the  heads  of  columns. 

CiLX..  (Sax.  Cill.)  The  timber  or  stone  at  the  foot  of  a  door,  &c  Gtmmd  ciM»  are  the 
timbers  on  the  ground  which  support  the  posts  and  superstructure  of  a  timber  building. 
The  name  of  cill  is  also  given  to  the  bottom  pieces  which  support  quarter  and  truss 
partitions. 

CiMBiA.     A  fiUet  string,  list  or  cornice. 

CiitsLiARCH.  A  name  given  to  the  apartment  where  the  plate  and  vestments  are  deposited 
in  churchesL 

ClNCTuaa.  The  ring,  list,  or  fillet  at  the  top  and  bottom  of  a  column,  which  divides  the 
shaft  of  the  column  from  its  capital  and  base. 

CiMQDxroiL.  An  ornament  used  in  the  pointed  style  of  architecture ;  it  consists  of  five 
cuspidated  divisions  or  curved  pendents  inscribed  in  a  pointed  arch,  or  in  a  circular 
ring  applied  to  windows  and  panels.  The  cinquefoil,  when  inscribed  in  a  circle,  forms 
a  rosette  of  five  equal  leaves  having  an  open  space  in  the  middle,  the  leaves  being 
formed  by  the  open  spaces,  and  not  by  the  solids  or  cus|». 

CiONi  m  OacAGNA.     See  AacBrrBcrs,  list  of,  144. 

Cirrus.  A  small  low  column,  sometimes  without  a  base  or  capital,  and  most  frequently 
bearing  an  inscription.  Among  the  ancients  the  cippus  was  used  for  various  purposes ; 
when  placed  on  a  road  it  indicated  the  distance  oS  places ;  on  other  occasions  cigqri  were 
employed  as  memorials  of  remarkable  events,  as  landmarks,  and  for  bearing  aqfiulohral 
epitaphs. 

CiacLB.  (Lat  Circulus.)  A  figure  contained  under  one  line  called  the  cireumfierenee,  to 
which  all  lines  drawn  from  a  certain  point  within  it,  called  the  centre,  are  equaL  It  is 
the  most  capacious  of  all  plain  figures. 

CiacuLAa  BuiLBiKos.  Such  as  are  built  upon  a  circular  plan.  When  the  interior  alao  is 
circular,  the  building  is  called  a  rohmda, 

CiRCULAa  Woax.     A  term  applied  to  any  work  with  cylindric  heea. 

Circular  Circular,  or  Ctlimdro-cvlindric  Work.  A  term  applied  to  any  work  which 
is  formed  by  the  intersection  of  two  cylinders  whose  axes  are  not  in  the  same  direction. 
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The  line  fonned  by  the  iDtenection  of  the  surfiwes  u  termed,  by  methematiciaiifl,  a  Unecf 
double  curvature, 

CimcuLAK  Roori.     Those  whose  horizontal  sectiona  are  circular. 

CzBcuLAE  Winding  Stairs.  Such  as  have  a  cylindrio  case  or  walled  enolosure,  with  the 
planes  of  the  risers  of  the  steps  tending  towards  the  axis  of  the  cylinder. 

CiacoifFsaxNCK.     The  boundsjry  lines  o€  a  circular  body. 

Ciacincscaiax.  (Verb.)  To  draw  a  line  around  a  figure,  or  endose  it  so  that  the  enclosed 
shall  be  touched  on  idl  its  angles  or  on  its  whole  circumference  by  the  line  or  body  that 
encloses  it. 

CiacuirroLDTioNs.  The  turns  in  the  spiral  of  the  Ionic  capital,  which  are  usually  three, 
but  there  are  Ibur  in  the- capitals  of  the  temple  of  Minerva  Folias. 

Circus.  (Lat.)  In  ancient  architecture,  a  straight,  long,  narrow  building,  whose  length  to 
its  breadth  was  generally  as  5  to  1.  It  was  divided  down  the  centre  by  an  ornamented 
barrier  called  the  tpina,  and  was  used  by  the  Romans  for  the  exhibition  of  public  spec- 
tacles and  chariot  races.  Several  exirted  at  Rome,  whereof  the  most  celebrated  was  the 
Circus  Maximus.  Julius  Caesar  improved  and  altered  the  Circus  Maximus,  and  that  it 
might  serve  for  the  purpose  of  a  naumaohia,  supplied  it  with  water.  Augustus  added 
to  it  the  celebrated  obelisk,  now  standing  in  the  Piasza  del  Popolo.  Of  this  circus  no 
vestiges  remain.  Besides  these  at  Rome  were  the  circi  of  Flaminius,  near  the  Pantheon ; 
Agonalia,  occupying  the  site  of  what  is  now  called  the  Plana  Navona ;  of  Nero,  on  a 
portion  whereof  SL  Peter's  stands.  Those  of  Antoninus  and  Aurelian,  no  longer  even 
in  ruins ;  but  that  at  Caracalla,  which  was  738  feet  in  length,  is  at  the  present  time 
sufficienUy  perfect  to  exhibit  its  plan  and  distribution  in  the  most  satislkctory  manner. 
The  spectacles  of  the  circus  were  called  the  Cireensian  Games,  and  consisted  of  chariot 
and  horse  races,  of  both  whereof  the  Romans  were  passionately  fond,  but  particularly  of 
the  former,  which  in  the  times  of  the  emperors  excited  so  great  an  interest,  as  to  divide 
the  whole  population  of  the  citv  into  fections,  distinguidked  by  the  colours  worn  by 
the  diflferent  charioteers.     The  m^utes  of  thtese  feetions  often  led  to  serious  distur- 


Cissoin.  In  geometry  a  curved  line  invented  by  Diocles.  Its  name  is  derived  from  Kurvosj 
ivy,  from  the  curve  appearing  to  mount  a]<mg  its  assymptote,  as  ivy  climbs  on  the  trunk 
of  a  tree.  The  curve  consists  of  two  infinite  branches  above  and  below  the  diameter  of 
a  circle,  at  one  of  whose  ends  a  tangent  being  drawn,  the  curve  approaches  the  tangent 
without  ever  meeting  it.  The  curve  was  invented  by  its  author  with  a  view  to  the 
solution  of  the  feroous  problem  of  the  duplication  of  the  cube^  or  the  insertion  of  two 
mean  proportionals  between  two  given  straight  lines.  Its  mechanical  construction  may 
be  found  in  Newton*s  AritkmeHea  UnivermdU, 

Cist.  (Gr.  Kitfrq,  a  chest)  A  term  used  to  denominate  the  mystic  baskets  used  in  pro- 
cessions connected  with  the  Eleusinian  mysteries.  It  was  originally  fonned  of  wicker 
work,  and  when  afterwards  made  of  metal,  the  form  and  texture  were  preserved  in 
imitation  of  the  original  materiaL  When  sculptured  on  sncient  monuments,  it  indicates 
some  connection  with  the  mysteries  of  Ceres  and  Bacchus. 

CisRRN.  ( Gr.  Kumr.)  A  reservoir  for  water,  whether  sunk  below  or  formed  of  planks 
of  wood  above  ground.  In  the  construction  of  an  earthen  cistern,  a  well-tempered 
stratum  of  clay  must  be  laid  as  a  foundation  for  a  brick  flooring,  and  the  bricks  laid  in 
terras  mortar  of  Parker's  cement.  The  sides  must  be  built  with  the  same  materials ; 
and  if  in  a  ceUar  or  other  place  near  a  wall  a  space  must  be  filled  with  day,  from  the 
foundation  to  the  top  of  llie  cistern  contiguous  to  the  wall,  by  which  means  it  will  be 
preserved  from  injury.  Cisterns  above  ground  are  usually  formed  of  wooden  planks 
and  carried  by  bearers ;  but  the  cistern  formed  of  slates,  now  much  used,  is  the  best  for 
adoption. 

Civil  AacHirxcTDas.  The  art  of  erecting  every  species  of  edifice  destined  for  the  use  of 
man,  the  several  matters  necessary  to  the  knowledge  whereof  forms  the  subject  of  this 
work. 

Civic  Caowv.  A  garland  of  oak  leaves  and  aeoms,  often  used  as  as  axchitectural  or- 
nament. 

Clamt.  In  brick-making  a  large  mass  of  bricks  generally  quadrangular  on  the  plan,  and 
six,  seven,  or  eight  feet  high,  arranged  in  the  brick  field  for  burning,  which  is  efibcted 
by  fines  prepared  in  stocking  the  clamp,  and  breese  or  cinders  laid  between  each  course 
of  bricks.     See  Book  II.  Chap.  II.  sect  9. 

CLAMr.  In  carpentry  and  joinery  is  a  piece  of  wood  fixed  to  another  with  a  mortise  and 
tenon,  or  a  groove  and  tongue,  so  that  the  fibres  of  the  piece  thus  fixed  cross  those  of  tho 
other,  and  thereby  prevent  it  from  casting  or  warping. 

Clamp  Nails.     See  Nails. 

Clasp  Nails.     See  Nails. 

Clakbri.     In  ancient  Roman  architecture,  were  bars  of  iron  or  wood  which  were  used  to 

•  secure  doors  or  windows. 
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Clay.  In  ordinary  Imgiiagie,  any  earth  which  poMcim  auffieiciit  duetiUty  to  admit  of 
being  kneaded  with  water.  Common  clays  may  be  divided  into  three  dassea,  Tts.  mme- 
tuoM$t  meoffre,  and  ealeartaiu.  Of  theae  the  first  is  chiefly  used  in  pottery,  and  tiie  *»*-'*«wl 
and  third  are  employed  in  the  manufacture  of  bricks  and  tilea. 

Clatino.  The  operation  of  aprcadin|^  two  or  three  coats  of  clay  for  the  purpoae  of  keeping 
water  in  a  vessel.     This  operation  is  also  called  pmddHmg. 

Clsam.     a  term  used  in  some  places  with  the  same  signification  as  to  stick  or  to  glue. 

CLKxa.  The  nett  distance  between  two  bodies,  where  no  other  intervene^  or  between 
their  nearest  surfaces. 

Clbar  Sioar  or  Clui  Stokt.  Tbe  upper  vertical  divinons  of  the  nave,  choir,  and 
transepts  of  a  church.  It  is  cUar  above  the  roof  of  the  aisles,  whence  it  may  have  taken 
its  name,  but  some  have  derived  the  name  firom  the  tktir  or  li^t  admitted  through  tta 
tier  of  windows.  Nearly  all  the  cathedrals  and  large  churches  have  titar  ttariea,  or  ders 
of  arcades,  and  also  of  windows  over  the  aisles  and  triforia.  There  is  no  trilbriuni  in 
the  priory  church  of  Bath,  but  a  series  of  large  and  lofty  windows  constitute  the  dear 
story.     The  choir  at  Bristol  Cathedral  has  neither  triforium  nor  clear  story. 

Clbats.     Small  wooden  projections  in  tackle  to  fiuten  the  ropes  to. 

C1.KAVIM0.  The  act  of  fiMrctbly  separating  one  part  of  a  piece  of  wood  or  other  matter  from 
another  in  the  direction  of  the  fibres,  either  by  pressure  or  by  percussioo  with  aosne 
wedge-formed  instrument. 

CLsrrs.  The  open  cracks  or  fissures  which  appear  in  wood  which  has  been  wrought  too 
green.  The  carpenter  usually  fills  up  these  cracks  with  a  mixture  of  gum  and  sawdust, 
but  the  neatest  way  is  to  soak  both  sides  well  with  the  &t  of  beef  broth,  and  then  dip 
pieces  of  sponge  into  the  broth  and  fill  up  the  cracks  with  them ;  they  swell  out  so  aa  to 
fill  the  whole  crack,  and  so  neatly  as  to  be  scarcely  distinguishable. 

Clkomxmss.     See  A^CHrrscrs,  list  of,  SI. 

Ci.BOPATaA*s  NsBDLKs.  A  name  given  to  two  obelisks  on  ^e  east  of  the  palace  at  Alex- 
andria. They  are  of  Thebaic  stone  and  covered  with  hieroglyphics  One  has  been 
thrown  down,  broken,  and  lies  buried  in  the  sand.  The  other  stands  on  a  pedeataL 
They  were  each  of  a  single  stone,  about  sixty  feet  high  and  seven  foet  square. 

Cjlkpsydra.  (Gr.  from  K\cirr«,  to  conceal,  and  *TS«p,  water).  A  water  dock,  or  vessd  for 
measuring  time  by  the  running  out  of  a  certain  quantity  of  water,  or  sometimes  of  sand, 
through  an  orifice  of  a  determinate  magnitude.  Clepsydras  were  first  used  in  Egypt 
under  the  Ptolemies ;  they  seem  to  have  been  common  in  Rome,  tbou^  they  were  chiefly 
employed  in  wiater.     In  the  summer  season  sundials  were  used, 

CuMCHiKo.  The  act  of  binding  and  driving  backward  with  a  hammer  the  pointed  end  of 
a  nail  after  its  penetration  through  a  piece  of  wood. 

Climkbxs.  Bricks  impregnated  with  nitre  and  more  thoroughly  burnt  by  being  nearer  the 
fire  in  the  kiln.     See  p.  504, 

Cloacjb.  The  name  given  to  the  common  sewers  ot  ancient  Rome  for  carrying  off  into 
the  Tiber  the  filth  of  the  city.  Tbe  chief  of  these,  called  the  Cloaca  Maxima,  was  built 
by  the  first  Tarquin  of  huge  blocks  of  stone  joined  together  without  conent.  It  consisted 
of  three  rows  of  arches  one  above  another,  which  at  length  conjoin  and  unite  together. 
It  began  in  the  Forum  Romanum,  was  dOO  paces  long,  and  entered  the  Tiber  between 
the  temple  of  Vesta  and  the  Pons  Senatorius.  There  were  as  many  principal  sewers  as 
there  were  hills  in  the  city. 

Cloak-pims  and  Rail.  A  piece  of  wood  attached  to  a  wall,  furnished  with  prqiecting 
pegs  on  which  to  hang  hats,  great-coats,  &c.  The  p^gs  are  called  dooAptas,  and  the 
board  into  which  they  are  fixed,  and  which  is  fi»tened  to  the  waU,  is  called  the  niiiL 

Cloistsr.  (Lat.  Claustrum.)  The  square  space  attached  to  a  regular  monastery  or  large 
church  with  a  peristyle  or  ambulatory  round,  usually  with  a  covered  range  of  building 
over.  The  cloister  is  perhaps,  ex  vi  termini,  the  coitral  square  shut  in  or  cloeed  by  the 
surrounding  buildings.  Cloisters  are  usually  square  on  the  plan,  having  a  plain  widl  on 
one  side,  a  series  of  windows  between  the  piers  or  columns  on  the  opposite  side^  and 
arched  over  with  a  vaulted  or  ribbed  ceiling.  It  mostly  forms  part  of  the  passage  of 
communication  from  the  church  to  the  chapter  bouse,  refectory,  and  other  parts  of  the 
establishment.  In  £ngland  all  the  cathedrals,  and  most  of  the  collegiate  churches  and 
abbeys,  were  provided  with  cloisters.  On  the  Continent  they  are  commonly  appended 
to  large  monasteries,  and  are  often  decorated  with  tombs  and  paintings  in  fresco. 

A  common  iq)pendage  to  a  doister  was  a  lavatory,  or  stone  trough  for  water,  at  whidi 
the  monks  washed  their  hands  previous  to  entering  the  refectory. 

Closba.  The  last  stone  in  the  horizontal  length  of  a  wall,  which  is  of  less  «limi>nM«M*ff  than 
the  rest  to  close  the  row.  Closer*  in  brickwork,  or  pieces  of  bricks  (or  hatey,  less  or 
greater  than  half  a  brick,  that  are  used  to  dose  in  the  end  of  a  course  of  brickwork.  In 
English  as  well  as  Flemish  bond,  the  length  of  a  brick  being  but  nine  inches,  and  its 
width  four  inches  and  a  hal^  in  order  that  the  vertical  joints  may  be  broken  at  the  end 
of  tbe  first  stretcher,  a  quarter  brick  (or  bat)  must  be  interposed  to  preserve  the  con* 
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tinuity  of  the  bond,  tiiis  is  called  a  gueem-dottr,  A  simiUr  presenratioii  of  the  bond  may 
be  obtained  by  inserting  a  three-quarter  bat  at  the  angle  in  the  stretching  course ;  this 
is  called  a  kmf^cloger.  In  both  cases  an  horisontal  lap  of  two  inches  and  a  half  is  \eSi  for 
the  next  header.     See  Book  II.  Chap.  III.  Sect.  2. 

CxAss  SraiKO.    In  dog-legged  stairs,  a  staircase  without  an  open  neweL 

Closb  or  Cloos.     See  AacHrrxcrs,  list  of,  1 53. 

Closst,  a  small  apartment  frequently  made  to  communicate  with  a  bed-chamber,  and 
used  as  a  dressing  room.  Sometimes  a  closet  is  made  for  the  reception  of  stores,  and  is 
then  called  a  tiore  doteL 

Clouoh  or  Clotss.  The  same  as  paddk,  shuttle,  sluice,  or  penstock.  A  contrivance  for 
retaining  or  letting  out  the  water  of  a  canal,  pond,  &c. 

Clouoh  AacHxs  or  PAnnLXRHOLxs.  Crooked  arches  by  which  the  water  is  conveyed 
from  the  upper  pond  into  the  chamber  of  the  lock  of  a  canal  on  drawing  up  the  dough. 

Clout  Nails.     See  Nails. 

Clustbrxd.     The  combination  of  several  members  of  an  order  penetrating  each  other. 

CLUsTsxxn  Columns.  Several  slender  pillars  or  columns  attached  to  each  other  so  as  to 
form  one.  In  Roman  architecture  the  term  is  used  to  denote  two  or  four  columns 
which  appear  to  intersect  each  other,  at  the  angle  of  a  building  or  apartment,  to  answer 
to  each  return. 

CoAxsx  Srurr.  In  plastering,  a  mixture  of  lime  and  hair  used  in  the  first  coat  and  float- 
ing of  plastering.     In  floating  more  hair  is  used  than  in  the  first  coat 

Coat.     A  thickness  or  covering  of  plaster  or  other  work  done  at  one  time. 

CoBAxauBiAs.     See  Axchitbcts,  list  of,  210. 

Cob- WILLS.  Such  as  are  formed  of  mud  mixed  with  straw,  not  uncommon  in  some  dis* 
tricts  of  England,  hut  the  best  are  to  be  found  in  Somersetshire^ 

Coccxius.     See  Abchitxcts,  list  of,  38. 

CocKiMO  <v  Cooonro.     See  Caulkiko. 

CocKLB  Staibs.     a  term  sometimes  used  to  denote  a  winding  staircase. 

CcBKAcuLUX.  (Lat )  In  ancient  Rcmian  architecture,  an  eating  or  supper  room.  In  the 
early  period  of  their  history,  when  the  houses  rarely  consisted  of  more  than  two  stories, 
it  denoted  generally  the  upper  story.  The  word  idso  signified  lodgings  to  let  out  for 
hire,  and  also  the  upper  stories  of  the  circi,  which  were  divided  into  small  shops  or 
rooms. 

CttNATio.  An  apartment  in  the  lower  part  of  the  Roman  houses,  or  in  a  garden,  to  sup 
or  eat  in.  From  Suetonius  it  would  appear  that  it  denoted  a  banqueting  and  sum- 
mer house.  In  the  Laurentine  Villa  a  large  coenatio  is  described  by  the  younger 
Pliny,  and  it  seems,  from  the  description,  that  it  was  placed  in  the  upper  part  of  a  lofty 
tower. 

CoFFXR.  (Sax.  Coirpe.)  A  sunk  panel  in  vaults  and  domes,  and  also  in  the  sofiite  or 
under  side  of  the  Corinthian  and  Composite  cornices,  and  usually  decorated  in  the  centre 
with  a  flower.  But  the  application  of  the  term  is  general  to  any  sunk  panel  in  a  ceiling 
or  soffite. 

Coffbb  Dam.  A  case  of  piling,  water-tight,  fixed  in  the  bed  of  a  nver,  for  the  purpose 
of  excluding  the  water  while  any  work,  such  as  a  whar^  wall,  or  the  pier  of  a  bridge,  is 
carried  up.  A  cofier  dam  is  variously  formed,  either  by  a  single  enclosure  or  by  a  double 
one,  with  clay,  chalk,  bricks,  or  other  materials  between,  so  as  effectually  to  exclude  the 
water.  The  cofifer  dam  is  also  made  with  piles  only  driven  close  togeUier,  and  some- 
times notched  or  dove-tailed  into  one  another.  If  the  water  be  not  very  deep,  piles  may 
be  driven  at  a  distance  of  five  or  six  feet  from  each  other,  and  grooved  in  the  sides  with 
boards  let  down  between  them  in  the  grooves.  For  building  in  coffer  dams,  a  good 
natural  bottom  of  gravel  or  clay  is  requisite,  for  though  the  sides  be  made  sufficiently 
water-tight,  if  the  bed  of  the  river  be  loose,  the  water  will  ooxe  up  through  it  in  too 
great  quantities  to  permit  the  operations  to  be  carried  on.  It  is  almost  unnecessary  to 
inculcate  the  necessity  of  the  sides  being  very  strong  and  well-braced  on  the  inside  to 
resut  the  pressure  of  the  water. 

CoGQiNo.     See  Caulkiko. 

Coiy.  (Fr.)  The  same  as  quoin.  The  angle  formed  by  two  surfaces  of  a  stone  or  brick 
building,  whether  external  or  internal,  as  the  corner  formed  by  two  walls,  or  of  an  arch 
and  wall,  the  comer  made  by  the  two  adjacent  sides  of  a  room,  &c. 

CoLx.     See  AacMnxcTs,  list  of,  175. 

Colisbum.  The  name  given  to  the  amphitheatre  built  (a.  d.  72)  by  Vespasian.  See  body 
of  the  work,  p.  94. 

Collar  or  Colarimo.  (It)  A  ring  or  cincture ;  it  is  another  name  for  the  astragal  of 
a  column.     It  is  sometimes  called  the  neck,  gorgerin,  or  hypotrachelium. 

Collar  Bbam.  A  beam  used  in  the  construction  of  a  roof  above  the  lower  ends  of  the 
rafters  or  base  of  the  roof.  The  tie  beam  is  always  in  a  state  of  extension,  but  the  collar 
beam  may  be  either  in  a  state  of  compression  or  extension  as  the  principal  raflers  are 


d54  GLOSSARY,  ETC 

with  or  without  tie  beunt.     In  tniued  rooft,  oollar  baum  are  firmmed  into  queen  paeti ; 
in  oommon  roo6,  into  the  rafters  themielTee. 

In  general,  tninefl  have  no  more  than  one  collar  beam ;  yet,  in  very  large  roofi^  tliey 
may  have  two  or  three  collar  beams  besides  the  tie  beam.  The  collar  beam  snppovts  or 
trusses  up  the  sides  of  the  rafters,  so  as  to  keep  them  from  sagging  without  any  odser 
support,  but  then  the  tie  beam  would  be  supported  only  at  its  extremities.  In  eosn- 
mon  purlin  roofing,  the  purlins  are  laid  in  the  acute  angles  between  the  rafters  and  the 
upper  edges  of  the  collar  beams.     See  p.  546. 

CoLLioa.  An  establishment  properly  so  termed  for  the  education  of  youth  in  the  higher 
branches  of  study.     See  Book  III.  Chap.  III.  Sect  8. 

CoLOKBLU.  (It.)     The  Italian  name  for  the  posts  employed  in  any  truss  framing. 

CoLONNADK.  (It.  Colonuata. )  A  range  of  columns.  If  the  columns  are  four  in  nuntber,  it 
is  called  tetnutyk;  if  six  in  number,  hexaHyk;  when  there  are  eight,  oetaatyU;  when 
ten,  deeawtyit;  and  so  on,  according  to  the  Greek  numerals.  When  a  colonnade  is  in 
front  of  a  building  it  is  called  a  porHco,  when  surrounding  a  building  a  perutyie,  and 
when  double  or  more  pofyHyie.  llie  colonnade  is  moreover  designated  aoeording  to  the 
nature  of  the  intercolumniations  introduced  as  follows :  pyerotlyk,  when  tlie  space  be- 
tween the  columns  is  one  diameter  and  a  half  of  the  column ;  systyfe,  when  it  b  of  two 
\liuneters ;  euMtykj  when  of  two  diameters  and  a  quarter ;  diastyle,  when  three,  and 
aneottyk  when  four. 

Columbarium.  (Lat)  A  pigeon-house.  The  plural  of  tiie  word  (eohimhana)  was  ap- 
plied to  designate  the  apertures  formed  in  walls  for  the  reception  of  cinoary  urns  in  the 
ancient  Roman  cemeteries. 

CoLUMXi^LiB.     A  name  sometimes  used  for  balusters. 

Column.  (Lat  Columna.)  Generally  any  body  which  supports  another  in  a  vertical 
direction.  For  an  account  of  the  columns  used  in  the  five  orders,  see  Book  III. 
Chap.  I.  Sects.  8,  3,  4,  5,  6,  and  7.  There  are  various  species  of  columns,  as  twitted, 
spiral,  and  ruttitoM.  QMtd  or  rudewUd  columns  are  such  as  have  their  flutings  filled 
with  cables  or  astragals  to  about  one  third  of  the  height  CaroUtie  columns  have  their 
shafts  foliated.  Ccuumns  were  occasionally  used  as  monuments,  as  the  Trajan  and 
Antonine  columns  at  Rome,  and  the  Monument  in  London.  By  the  side  of  the  Halle 
au  Bid  at  Paris  there  is  a  gncmonic  column  for  showing  the  time,  erected  by  Catharine  di 
Medicis.  The  Cdumna  BeUica  at  Rome  was  near  the  temple  of  Janus,  and  at  it  the  consul 
proclaimed  war  by  throwing  a  javelin  towards  the  enemies'  country.  The  ekromobffieai 
column  was  rather  historical,  bearing  an  inscription  to  record  an  event  The  ermdfavl 
column  is  one  bearing  a  cross ;  the  funeretd  one,  an  urn ;  the  zoopkorie,  an  animal ;  and 
the  itinerary  one  pointed  out  the  various  roads  diverging  ftcm.  its  site.  There  was 
among  the  Romans  what  was  called  a  facieo/ column,  which  stood  in  the  v^etaUe 
market,  and  contained  on  its  pedestal  a  receptacle  for  infants  abandoned  by  thor  parents. 
(Juvenal,  Sat.  vL )  On  the  legal  column  were  engraved  the  laws ;  the  htmndtay  m 
limitative  column  marked  the  boundary  of  a  province ;  the  mamAiai  column  was  for  the 
reception  of  trophies  or  spoils ;  and  the  rottral  column,  decorated  with  prows  oi  ships,  was 
for  die  purpose  of  recording  a  naval  engagement  The  triumphal  column  was  erected 
in  commemoration  of  a  triumph,  and  the  eepidehral  one  was  erected  on  a  tomb.  The 
mUUarinm  attfevm,  or  mUHary  column  of  the  Romans,  was  originally  a  ocdumn  of  white 
marble,  erected  by  Augustus  in  the  Forum,  near  the  temple  of  Saturn.  From  it  the  dis- 
tances from  the  city  were  measured.  It  is  a  short  column  with  a  Tuscan  capital,  having 
a  ball  of  bronie  (formerly  gilt  for  its  finish)  at  top,  and  is  still  preserved  in  the  Capitol. 

Combination  op  thx  Parts  op  Buildings.  See  Book  III.  Chap.  III.  Sect  1.,  and 
Book  III.  Chap.  IL   Sects.  4.  and  6. 

CoMiTiuM.  (Lat)  A  building  which  stood  in  the  Roman  Forum,  wherein  assemblies  of 
the  people  were  held.  It  occupied  the  whole  space  between  the  Palatine  HiO,  the 
Capitol,  and  the  Via  Sacra. 

CoMMissuRB.  (Lat)  llie  joint  between  two  stones,  or  the  application  <^  the  sur&ee  of 
one  stone  to  the  surfiuse  of  another. 

Common  Csntrino.  Such  as  is  constructed  without  trusses,  but  having  a  tie  beam  at 
its  ends.     Also  that  employed  in  straight  vaulte. 

Common  Joists.  Those  in  single  naked  flooring  to  which  the  boards  are  fixed.  Tliey  are 
also  called  boarding  joists,  and  should  not  exceed  one  fisot  apart. 

Common  Raftxrs.     Those  in  a  roof  to  which  the  boarding  or  lathing  is  attached. 

Common  Roofing.  That  which  consists  of  common  rafters  only,  which  bridge  over  the 
purlins  in  a  strongly  framed  roof. 

Communication  Doors.     Those  which,  when  open,  throw  two  aiwrtments  into  one. 

Compartbd.  (Fr.  Compartir,  to  divide.)  That  which  is  divided  into  several  parts  is  said 
to  be  comparted. 

CoMTARTRioN.     The  distribution  of  the  ground  plot  of  an  edifice  into  the  various 
and  apartments. 
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CourAvnann,  A  subdiYinonal  part,  for  ornament,  of  a  larger  diyinon.  To  this  alone  is 
the  term  properly  applicable. 

CoMPARTMsm  CxxuKO.  One  divided  into  panels,  which  are  usually  surrounded  by 
mouldings. 

CoMPAaTXBiiT  Tiua.     An  arrangement  of  varnished  red  and  white  tiles  on  a  roof. 

Compass  Saw.  One  for  diTiding  boards  into  curved  pieces ;  it  is  very  narrow  and  with- 
out a  back. 

CoMPAssss.  (Fr.  Compas.)  A  mathematical  instrument  for  drawing  circles  and  measuring 
distances  between  two  points.  Common  compoMeg  have  two  legs,  moveable  on  a  joint. 
Triangular  eompastet  have  two  legs  similar  to  common  compasses,  and  a  third  leg  fixed 
to  the  bulb  by  a  projection,  with  a  joint  so  as  to  be  moveable  in  every  direction.  Beam 
compa9$e§,  which  see,  are  used  ibr  describing  large  circles.  Proportional  compastea 
have  two  pair  of  points  moveable  on  a  shifting  centre  which  slides  in  a  groove,  and 
thereby  regulates  the  proportion  that  the  opening  at  one  end  bears  to  that  of  the  other. 
They  are  useful  in  enlarging  or  diminishing  drawings. 

CoMPLEMBMT.  The  uumbcr  of  d^^ees  which  any  angle  wants  of  a  right  angle.  The 
complement  of  a  parallelogram  b  two  lesser  parallelograms,  made  by  drawing  two  right 
lines  parallel  to  the  aides  of  the  quarter  through  a  given  point  in  the  diagonal. 

CoMPLUViuK.  (l<at)  An  area  in  the  centre  of  the  ancient  Roman  houses,  so  constructed 
that  it  might  receive  the  waters  from  the  roo&.  It  is  also  used  to  denote  the  gutter  or 
eave  of  a  roof. 

CoMPo.     A  name  often  given  to  Parker's  cement. 

CoicposiTE  Arch.     The  same  as  the  pointed  or  lancet  arch. 

CoMPosrrs  NuMBcas.  Such  as  can  be  divided  by  some  other  number  greater  than  unity  ; 
whereas  prvme  nunAers  admit  of  no  such  divisor. 

CoxposiTs  Oansa.     See  Book  III.  Chap.  I.  Sect.  7., and  Book  I.  Chap.  II.  Sect.  IS. 

CoKPosinotr,  architbctuAal.     For  general  principles,  see  Book  III.  Chap.  II.  Sect.  I. 

CoMPosrnoN  op  Foacxs.  The  combination  or  union  of  several  forces  for  determining  the 
result  of  the  whole.     See  p.  381. 

Compound  iMTBmur.     See  p.  280.  856. 

CoMPaBssiuuTT.  The  quality  of  bodies  which  permits  of  their  beii^  reduced  to  smaller 
dimensions.  All  bodies,  in  consequence  of  the  porosity  of  matter,  are  compressible,  but 
liquids  resist  compression  with  immense  force. 

CoHCAMXRATA  SoDATia  Au  apartment  in  the  aninent  gymnasium,  between  the  laconicwn 
or  stove,  and  the  warm  bath.  To  this  room  the  racers  and  wrestlers  retired  to  wipe  off 
the  sweat  from  their  bodies. 

CoMCAMxmATx.-  (Lat)     To  arch  over. 

CoNCAVirr.  (Lat  Concavus,  hollow.)  Of  a  curve  line  is  the  side  between  the  two  points 
of  the  curve  next  its  chord  or  diameter.  The  concavity  of  a  solid  is  such  a  curved 
sur&ce,  that  if  any  two  points  in  it  be  taken,  the  straight  line  between  them  is  in  a  void 
space,  or  will  coincide  in  only  (»e  direction  with  the  surfiice. 

CoNcxMTRic.  (Lat.)     Having  a  common  centre,  as  are  the  radii  of  a  circle. 

Conchoid  op  Nicomkdks.  A  name  given  to  a  curve  invented  by  that  mathematician  for 
solving  the  two  fomous  problems  of  antiquity  —  the  duplication  of  the  cube,  and  the 
trisection  of  an  angle.  It  continually  approaches  a  straight  line  without  meeting  it, 
though  ever  so  ftr  produced. 

CoNGRRs.  (Lat.  Concrescere.)  To  coalesce  in  one  mass.  A  mass  composed  of  stone 
chippings  or  ballast,  cemented  together  through  the  medium  of  sand  and  lime,  and 
usually  employed  in  making  foundations  where  the  soil  is  of  itself  too  light  or  boggy, 
or  otherwise  insufficient  for  the  reception  of  the  walla.  See  Book  II.  Chap.  II. 
Sect.  11. 

Conduit.  (Fr.)  Along  narrow  walled  passage  underground,  for  secret  communication 
between  different  apartments.  It  is  a  term  also  used  to  denote  a  canal  or  pipe  for  the 
conveyance  of  water,  and  is  also  implied  to  the  structure  to  which  it  is  conveyed  for  de« 
livery  to  the  public 

CoNB.  (Gr.  Kctfpof.)  A  solid  body,  having  a  circle  for  its  base,  and  terminating  in  a 
point  called  its  vertex  ;  so  that  a  straight  line  drawn  frtim  any  point  in  the  circumference 
of  the  base  to  the  vertex  will  coincide  with  the  convex  surfiEtce.  If  the  axis  or  straight 
line  drawn  from  the  centre  of  the  base  to  the  vertex  be  perpendicular  to  the  base,  it  is 
termed  a  right  cone ;  if  not,  it  is  an  oblique  cone, 

CoNFxssioNAL.  (Lat.)  In  Catholic  churches  the  small  cell  wherein  the  priest  sits  to 
hear  the  confession  of,  and  give  absolution  to,  the  penitent.  It  is  usually  constructed  of 
wood  and  in  three  divisions,  the  central  one  whereof  has  a  seat  for  the  convenience  of 
the  priest. 

CoNPiGu  RATION.     The  exterior  form  or  superficies  of  any  body. 

Conor'.  (Fr.)     The  same  as  Apophtox,  which  see. 

Coific  Sxctions.     The  figures  formed  by  the  intersections  of  a  plane  with  a  cone.     They 
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ar«  five  in  number :  a  triangle,  a  circle,  an  ellipse,  a  parabola,  and  an  byperbola  ;  the 
three  last,  however,  are  those  to  which  the  term  is  usually  applied.  See  Book  IL 
Chap.  I.  Sect  5. 

Conical  Roor.     One  whose  exterior  surface  is  shaped  like  a  cone. 

CoNiCTKRiuM.  (Gr.  KjO¥umipuuf,)  In  ancient  architecture,  a  room  in  the  gymnasium  sum! 
palaestra,  wherein  the  wrestlers,  having  been  anointed  with  oil,  were  sprinkled  over  vicli 
dust,  that  they  might  lay  firmer  hold  on  their  antagonists. 

CoMJuoATB  DiAMBTxas.  The  diameters  in  an  ellipsis  or  hyperbola  paralld  to  tangents 
at  each  other's  extremities- 

Conoid.  (Gr.  KommiSi}!.  )  Partaking  of  the  figure  of  a  oone.  A  figure  generated  by  the 
revolution  of  a  conic  section  round  one  of  its  axes.  There  are  three  kinds  of  ooaoido. 
the  eUiptieai,  the  hyperboUeal,  and  the  parabolicai,  which  are  sometimes  otherwise  deoo* 
minated  by  the  terms  eUiptoid  or  iphtroid,  kyperboloidf  and  parabobrid. 

CoNSKRVAToar.  A  building  for  preserving  curious  and  rare  exotic  plants.  It  is  made 
with  beds  of  the  finest  composts,  into  which  the  trees  and  plants  on  being  removed  firotn 
the  greenhouse,  and  taken  from  the  tubs  and  pots,  are  regularly  planted. 

With  respect  to  its  construction,  it  is  very  similar  to  the  greenhouse,  but  it  must  be 
more  spacious,  loftier,  and  finished  in  a  superior  style.   The  sides,  ends,  and  roofii  should 
be  of  glass,  for  the  free  admission  of  light,  and  for  protection  of  the  planta.     It  should 
be,  moreover,  seated  on  a  dry  spot,  so  as  to  receive  during  the  day  as  much  of  the 
sun*8  heat  as  possible.     It  is  to  be  provided  with  flues  or  boiling  water  pipes,  to  raise 
the  temperature  when  necessary ;  there  must  also  be  contrivances  for  introducing  fresh  air 
when  required.     In  summer  time  the  glass  roofr  are  taken  off  and  the  plants  exposed  U» 
the  open  air ;  but  these  are  restored  always,  if  taken  off,  on  the  slightest  indication  of 
frost.     The  chief  point  in  which  conservatories  differ  from  greenhouses  is,  that  in  the 
latter,  the  plants  and  trees  stand  in  pots  placed  upon  stages,  whereas,  in  the  former,  they 
are  planted  in  beds  of  earth  surrounded  with  borders.     See  GaaxNuousB. 

CoMsoLK.     llie  same  as  Anconbs,  which  see. 

Construction.  Literally,  the  building  up  from  the  architect's  designs;  but  amongst 
architects  it  is  more  particularly  used  to  denote  the  art  of  distributing  the  different 
forces  and  strains  of  the  parts  and  materials  of  a  building  in  so  scientific  a  manner  as  to 
avoid  fiulure  and  insure  durability.  The  second  book  of  this  work  is  devoted  to  the 
subjects  involved  in  the  science  of  construction. 

CoNsraucTiVE  CAarxNTRT,  or  Practical  Carpsntrt.     See  Book  II.  Chap.  III.  Sect.  4. 

Contact.  (Lat.  Contactus.)  In  geometry  the  touching  any  figure  by  a  line  or  plane 
which  may  be  produced  either  way  without  cutting  it, 

Contsnt.    (Lat  Contentus.)     The  area  or  superficiid  quantity  contained  in  any  figure. 

CoNTaxTURK.  (Lat  Contextus.)  The  inter-disposition,  with  respect  to  each  other,  of  the 
different  parts  of  a  body. 

Contignatio.     In  Roman  carpentry  the  same  as  that  which  we  term  naked  flooring. 

CoNTiNuxo.  A  term  used  to  express  anything  uninterrupted.  Thus,  an  attic  is  said  to  be 
continued  when  not  broken  by  pilasters ;  a  pedeistal  is  continued  when,  with  its  mould* 
ings  and  dado  or  die,  it  is  not  broken  under  the  columns ;  so  of  a  socle^  &c 

Contour.    (It  Contorno.)    The  external  lines  which  bound  and  terminate  a  figure. 

Contract.    An  agreement  attached  to  a  specification  for  the  performance  of  certain  works. 

CoNTUccio.     See  Architxcts,  list  of,  1 90. 

CoNVKNT.  (Lat.  Conventus.)  A  building  for  the  reception  of  a  society  of  rdigtous 
persons. 

Conventual  Church.     One  attached  or  belonging  to  a  convent 

CoNVKRosNT  LiNxs.     Such  Rs,  if  produocd,  will  meet 

Convex.  (Lat  Convexus.)  A  form  which  swells  or  rounds  itself  externally.  A  convex 
rectilinear  suriaoe  is  a  curved  surfiwe,  in  which  a  point  being  taken,  a  right  line  passing 
through  it  can  only  be  drawn  in  one  direction. 

Coving.  (Dutch,  Cop,  the  head. )  The  highest  and  covering  course  of  masonry  or  brickwork 
in  a  wall.  Coping  equally  thick  throughout  is  called  fNira//e/  coping,  and  ought  to  be  used 
only  on  inclined  surfaces,  as  on  a  gable,  for  example,  or  in  situations  sheltered  fitmi  the 
rain,  as  on  the  top  of  a  level  wall,  which  it  is  intended  to  cover  by  a  roo£  Coping 
thinner  on  one  edge  than  on  the  other  serves  to  throw  off  the  water  on  one  side  of  the 
wall,  and  is  called  feather^e^ed  coping.  Coping  thicker  in  the  middle  than  at  the  edges 
is  called  ioddle-backed  coping,  lliis,  of  course,  delivers  each  way  the  water  that  fidls 
upon  it.  It  is  commonly  used  on  the  walls  of  a  sunk  area,  on  dwarf  walls  carrying  an 
iron  railinff,  and  in  the  best  constructed  fence  walls.  In  Gothic  architecture,  coping  is 
either  inchned  upon  the  faces  or  plumb ;  in  the  former  case  tiie  sides  of  the  vertical 
section  are  those  of  an  equilateral  triangle  with  an  horixontal  base.  It  is  sometimes  in 
one  inclined  plane,  terminated  at  top  by  an  astragal,  and  at  others  in  two  inclined  planes 
parallel  to  each  other,  whereof  the  upper  is  terminated  at  top  by  an  astragal,  and  projects 


GLOSSARY,  ETC.  95t 

before  the  lower,  which,  like  that  on  one  inclined  plane,  changes  its  direction  at  the 
bottom  into  a  narrow  vertical  plane  projecting  before  the  level  sofite  before  the  parapet. 
The  inclined  coping  is  occasionally  used  without  the  astragal.  The  sofite  of  a  projection 
is  said  to  cope  over  when  it  slants  downwards  from  the  wall. 

CoppBK.  (Cuprum,  a  corruption  of  Cyprium,  having  been  originally  brought  from  the 
island  of  Cyprus. )  One  of  the  metals  used  in  building,  but  not  now  to  the  extent  to 
which  it  was  employed  a  few  years  back.     See  Book  II.  Chap.  II.  Sect.  7. 

CoEBEiu  ( Lat  Corbis,  a  basket. )  A  carved  basket,  with  sculptured  flowers  and  fruit, 
used  as  the  finishing  of  some  ornament.  The  name  is  given  to  the  basket  placed  on  the 
heads  of  caryatides,  under  the  sofite  of  the  architrave  cornice.  The  term  is  also  applied 
to  the  bell  of  the  Corinthian  capital. 

CoasBLS,  in  castellated  and  Gothic  architecture,  are  a  range  of  stones  projecting  from  a 
wall  for  the  purpose  of  supporting  a  parapet  or  the  superior  projecting  part  of  the  wall. 
Two  of  their  sides  are  vertical  planes  perpendicular  to  the  fiice  of  the  wall ;  the  fronts 
are  variously  moulded.  They  perfi>rm  the  same  ofiice  as  the  modillions  of  an  order, 
but  the  term  is  confined  to  the  pointed  style. 

The  word  corbel  is  sometimes  used  to  denote  a  niche  or  hollow  in  a  wall  for  the  re- 
ception of  a  statue  or  bust.  There  is  also  another  sense  in  which  it  is  used,  namely,  to 
signify  a  horirontal  range  of  stones  or  timber  fixed  in  a  wall  or  in  the  side  of  a  vault, 
serving  to  sustain  the  timbers  of  a  fioor  or  of  a  vault.  In  old  buildings  many  of  the 
timber  floors  or  contiguations  were  thus  supported. 

Corbel  Steps  are  certain  steps  in  the  gables  of  old  building?. 

Corbel  Table.  A  series  of  semicircular  intersecting  arches  for  carrying  a  battlement, 
parapet,  or  cornice,  and  resting  on  corbels. 

Cordon.      The  edge  of  a  stone  on  the  outside  of  a  building. 

Core.  The  interior  part  <^  anything.  In  walls  of  masonry  there  should  be  thorough  stones 
at  r^^lar  intervals,  for  strengthening  the  core,  which  is  commonly  composed  of  rubble 
stones,  or,  when  they  are  not  procurable,  two  bond  stones  lapped  upon  each  other  may 
be  used,  one  from  each  face  of  the  wall.  Instead  of  each  thorough  stone  we  may  lay  two 
stones  level  on  the  upper  bed,  and  one  large  stone  in  the  core  lapped  upon  both,  observing 
that  the  tails  of  the  two  lower  stones  be  nght-angled ;  by  this  means  the  two  sides  of  the 
wall  will  be  completely  tied  together. 

The  core  of  a  column  b  a  strong  post  of  some  material  inserted  in  its  central  cavity 
when  of  wood. 

CoRiNTBLAM  Ordxr.     See  Book  III.  Chap.  I.  Sect.  7.,  and  Book  I.  Chap.  II.  Sect  1. 

Cornice.  (Fr.  Comiche.)  Any  moulded  projection  which  crowns  or  finishes  the  part  to 
which  it  is  affixed,  llius,  we  speak  of  the  cornice  of  an  order,  of  a  pedestal,  of  a  pier, 
door,  window,  house,  &c.  The  cornice  of  an  order  is  a  secondary  member  of  the  order 
itself,  being  the  upper  subdivision  of  the  entablature. 

CoROKA.  (Lat)  A  member  of  the  cornice,  with  a  broad  vertical  face,  and  usually  of  con- 
siderable projection.  The  solid,  out  of  which  it  is  fiarmed,  is  commonly  recessed  up- 
wards from  its  sofite,  and  this  part  by  the  English  workmen  is  called  the  drip,  because  it 
fiicilitates  the  fall  of  the  rain  from  its  edge,  by  which  the  parts  below  it  are  sheltered. 
The  situation  of  the  corona  is  between  the  cymatium  above,  and  the  bed-moulding  below. 
See  Book  III.  Chap.  I.  Sect.  18. 

CoR^  A  French  term,  which  signifies  the  projecting  part  of  a  wall,  and  intended  to  form 
the  ground  for  some  decoration. 

Corridor.  (It.  Corridore.)  A  gallery  or  passage  round  a  quadrangle  leading  to  the 
various  apartments.     Also,  any  gallery  of  communication  to  them. 

CoRsA.  (Lat.)  In  ancient  architecture,  the  name  given  by  Vitruvius  to  any  platband  or 
square  fascia  whose  height  is  greater  than  its  projection. 

CoRTiLE.  (It.)  A  small  court  or  area,  quadrangular  or  curved,  in  a  dwelling-house, 
which  is  surrounded  by  the  buildings  of  the  house  itself. 

CossuTius.     See  Architxcts,  list  of,  29. 

CoRAGE.  (Sax.  Coc.)  A  small  house  or  dwelling  for  a  poor  person.  See  Book  III, 
Chap.  III.  Sect  24. 

CoTTE.     See  ARCHrrxcTs,  list  of,  272. 

Coucr.     See  Architects,  list  of,  127. 

Counter  Drain.  A  drain  parallel  to  a  canal  or  embanked  water-course,  for  collecting  the 
soakage  water  by  the  side  of  the  canal  or  embankment  to  a  culvert  or  arched  drain  under 
the  canal,  by  which  it  is  conveyed  to  a  lower  level. 

Counterfort.  (Fr.)  A  buttress  or  pier  built  against  and  at  right  angles  to  a  wall  to 
strengthen  it. 

Counter  Gauge.  In  carpentry,  the  measure  of  the  joints  by  iransferring,  as,  for  instance, 
the  breadth  of  a  mortise  to  the  pUn  on  the  other  timber,  where  the  tenon  b  to  be  made 
to  adapt  them  to  each  other. 
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CouNTiK  Latb.    One  plaeed  between  every  ooupk  of  gmug^donea. 

CoUMTBRPARTf  of  a  buUding  are  the  similar  and  equal  parts  of  the  design  on  each  side  of 
the  middle  of  the  edifice. 

CouNTsa  Sink.  The  sinking  a  cavity  in  a  piece  of  timber  or  other  material  to  receive  a 
projection  on  the  piece  which  is  ccmnected  with  it,  as  for  the  reception  of  a  plate  of  iron 
or  the  head  of  a  screw  or  bolt. 

CoDPLBD  Columns.  Those  arranged  in  pairs  half  a  diameter  apart.  See  p.  S67. 51605 — 260S. 

Couples.  A  term  used  in  the  north  to  signify  rafters  framed  together  in  pairs  with  a  tie 
fixed  above  their  feet     Hie  main  anmUs  answer  to  the  trusses. 

Course.  (Lat.  Cursus.)  A  continued  level  range  of  stones  or  bricks  of  the  same  bei^t 
throughout  the  fiuse  or  hcen  of  a  building.  Courttd  mawmy  is  that  therefine  wherein 
the  stones  are  laid  in  courses.  The  coktss  of  the  face  of  an  arek  is  the  free  of  the  arch 
stones,  whose  joints  radiate  to  the  centre.  The  eonree  f^  a  plinth  is  its  continuity  in  the 
face  of  the  wall.  A  bond  count  is  that  whose  stones  are  inserted  into  the  wall  &rther  than 
either  of  the  a4|acent  courses,  for  the  purpose  of  binding  the  wall  together.  A 
joint  is  the  Joint  between  two  courses. 

Course,  Hbadiho,  in  brickwork,  b  that  in  which  the  bricks  are  laid  with  their  short 
towards  the  iaoe.  i 

Course,  Strxtchiho,  is  that  in  which  the  bricks  are  all  laid  lengthwise. 

Court.  (Fr.  Cour.)  An  uncovered  area  before  or  behind  the  house  or  in  the  centre  of  it, 
in  which  latter  case  it  is  often  surrounded  by  buildings  on  its  four  sides. 

Courts  op  Law.     See  Book  III.  Chap.  III.  Sect.  6. 

CoussiNST.  (Fr.  Cushion.)  A  stone  placed  upon  the  impost  of  a  pier  for  lecaving  the 
first  stone  of  an  arch.  Its  bed  is  level  below,  and  its  sur&ce  above  is  inclined  for  rec^v. 
ing  the  next  voussoir  of  the  arch. 

The  word  is  also  used  for  the  part  of  the  Ionic  capital  between  the  abacus  and  quarter 
round,  which  serves  to  form  the  volute,  and  it  is  in  the  capital  thus  called  because  its 
appearance  is  that  of  a  cushion  or  pillar  seemingly  collapsed  by  the  weight  over  it,  and 
is  bound  with  a  strap  or  girdle  called  the  baltheus. 

Cove.  Any  kind  of  concave  moulding  or  vault ;  but  the  term,  in  its  usual  acceptation,  is 
the  quadrantal  profile  between  the  ceiling  of  a  room  and  its  cornice. 

Cove  Bracketing.  The  wooden  skeleton  for  the  lathing  of  any  cove ;  but  the  term  is 
usually  applied  to  that  of  the  quadrantal  cove,  which  is  placed  between  the  flat  ceiliog 
and  the  wall. 

Cover.     That  part  of  a  slate  which  is  hidden  or  covered. 

Cover  Wat.  In  roofing,  the  recess  or  internal  angle  left  in  a  piece  of  masonry  or  brick* 
work  to  receive  the  roofing. 

Coving,  in  old  buildings,  the  projection  of  the  upper  stories  of  houses  over  tilie  lower  ones. 

Coving  op  a  Fire-place.     See  Cuimkxt. 

Cow-Houss.     A  building  for  the  protection  oS  cows  from  the  inclemencies  of  the  season. 

Cozxo,  PisTRo  Di.     See  Architects^  list  of^  98. 

Crah.  a  species  of  crane  much  used  by  masons  for  raifing  large  stones ;  it  is  a  wheel 
and  axle  mounted  on  a  pair  of  sloping  legs,  three  or  four  foet  apart,  the  legs  being  inserted 
into  a  frame  at  the  base,  whereon,  opposite  to  the  weight  to  be  raised,  a  load  may  be  placed 
for  gaining  so  great  an  amount  of  leverage  as  to  overcome  the  weight  to  be  nused.  The 
rope  for  the  tackle  works  round  ^e  axle,  which  is  turned  by  pinion  wheels  to  gun 
power. 

Cradle.     A  name  sometimes  given  to  a  centering  of  ribs  and  lattice  for  turning  culverts. 

Cradle  Vault.     A  term  used,  but  improperly,  to  denote  a  cylindric  vault. 

Cradling.  The  timber  ribs  and  pieces  for  sustaining  the  lathing  and  plastering  of  vaulted 
ceilings.  The  same  term  is  applied  to  the  wooden  bracketing  for  carrying  the  entabla- 
ture of  a  shop  front. 

Cramp.  An  iron  instrument  about  four  feet  long,  having  a  screw  at  one  end,  and  a  move- 
able shoulder  at  the  other,  employed  by  carpenters  and  joiners  for  forcing  mortise  and 
tenon  work  together. 

Crampern  or  Cramp  Iron,  usually  called  for  shortness  cramps  a  piece  of  metal,  bent  at 
both  extremities  towards  the  same  side,  for  fastening  stones  together.  When  stones  are 
to  be  connected  with  a  greater  strength  than  that  of  mortar,  a  chain  or  bar  of  iron  widi 
different  connecting  knobs  is  inserted  in  a  cavity,  cut  on  the  upper  side  of  a  course  of 
stones  across  the  Joints,  instead  of  single  cramps  across  the  joints  of  each  two  stones. 
Cramps  are  commonly  employed  in  works  requiring  great  solidity;  but  in  common 
works  they  are  applied  chiefly  to  the  stones  of  copings  and  cornices,  and  generally  in  any 
external  work  upon  the  upper  surface  or  between  the  beds  of  the  stone.  All  external 
work,  liable  to  the  injuries  which  weather  inflicts,  should  be  cramped.  The  most  secure 
mode  of  fixing  cramps  is  to  let  them  into  the  stone  their  whole  thickness,  and  to  run 
them  with  lead ;  but  in  slight  works  it  is  sufilicient  to  bed  them  in  plaster,  as  is  practised 
in  chimney-pieces.     In  modem  buildings  iron  is  chiefly  used.     The  practice  is  bad. 
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■  from  the  liability  of  iron  to  nut  and  exfoliate :  hence  cast-iron  ia  better  than  wrought, 
and  should  be  of  somewhat  larger  size  than  when  wrought  iron  is  employed.  The 
Romans  wisely  used  cramps  of  bronze,  a  material  far  better  than  either  cast  or  wrought 
iron. 

CaAMPooNs.  Hooked  pieces  of  iron,  something  like  double  calipers,  for  raising  timber  or 
stones. 

Crane.  (Sax.  Cpan.)  A  machine  for  raising  heavy  weights,  and  depositing  them  at  some 
distance  from  their  original  place.  The  crane  may  be  constructed  of  imm^pfe  power, 
and  is  generally  worked  by  human  strength. 

Chamk-house.  a  building  erected  for  the  shelter  of  a  cxane.  By  the  Building  Act  it  is 
most  absurdly  required  to  be  of  brick. 

Crafaudinx  Dooas.     Those  which,  turn  on  pivots  at  top  and  bottom. 

Ck£asimg  or  TiLx  Creasikg.  Two  rows  of  plain  tiles  placed  horizontally  under  the 
coping  of  a  wall,  and  projecting  about  an  in<^  and  a  half  on  each  side  to  throw  off  the 
rain  water. 

Ckxnxlle.     In  Gothic  architecture,  the  opening  in  an  embattled  parapet. 

Crxscknt.  a  building,  or  rather  a  series  of  buildings,  which  on  the  plan  is  disposed  in 
the  arc  of  a  circle. 

Crest  Tile.  That  on  the  ridge  of  a  house.  In  Gothic  architecture,  crest  tiles  are  those 
which,  decorated  with  leaves,  run  up  the  sides  of  a  gable  or  ornamented  canopy. 

Cru.  The  rack  of  a  stable ;  sometimes  applied  to  the  manger.  It  is  used  tJiso  to  express 
any  small  habitation  ;  and  moreover  the  stall  or  cabin  of  an  ox. 

CaocKET.  (Fr.  Croc,  a  hook.)  One  of  the  small  ornaments  usually  placed  on  the  angles  • 
of  pinnacles,  pediments,  canopies,  &c.,  in  Gothic  architecture,  and  most  commonly  dis- 
posed at  equal  distances  from  each  other.  The  crocket  seems  to  have  had  for  type  the 
buds  and  boughs  of  trees  in  the  spring  season,  from  the  great  resemblance  it  be»rs  to 
those  periodical  productions  :  examples,  moreover,  of  the  same  ornament  have  great  re- 
semblance to  the  first  stage  of  the  leaves  when  the  buds  begin  to  open  ;  sometimes,  how- 
ever, animals  are  substituted  in  the  place  of  leaves. 

Cromlechs.  A  mass  of  large  flat  stones  laid  across  others  in  an  upright  position.  Ex- 
amples of  cromlechs  are  found  in  Wales,  Devonshire,  Cornwall,  and  many  exposed 
districts  of  England.  For  a  further  account  of  the  cromlech,  the  reader  may  turn  to 
Book  I.   Chap.  II.   Sect  1. 

Crosettxs.     (Fr.)     The  same  as  ajMonsf.  which  see.      In  architectural  construction  the 

term  is  applied  to  the  small  prqjecting  pieces  aa  Fr'^Tia  in  arch  stones,  which  hang 

upon  the  a4}acent  stones.  ^-^-Uj 

Cross.  (Lat.  Crux.)  A  figure  eonsisting  of  four  branches  at  right  angles  to  each  other, 
or  a  geometrical  one,  consisting  of  five  rectangles,  each  side  of  one  rectangle  being  com- 
mon with  one  side  of  each  of  the  other  four.  It  is  a  figure  more  particularly  used  for 
the  plans  of  churches  than  for  those  of  other  edifices.  In  ecclesiastical  architecture, 
there  are  two  kinds  of  plans  having  the  form  of  a  cross.  The  first  is  that  wherein  all 
the  five  rectangles  are  equal,  or  wherein  each  of  the  four  wings  is  equal  to  the  middle 
part  formed  by  the  intersection  :  this  form  is  called  a  Greek  erou.  The  second  has  only 
the  two  opposite  wings  equal,  the  other  two  are  unequal,  and  the  three  rectangles  in  the 
direction  <^  the  unequal  parts  are  of  greater  length  than  the  three  parts  in  the  direc- 
tion of  the  equal  parts :  this  is  the  Latin  eroet.  The  middle  part  in  each  direction  is 
common. 

Cross,  in  Gothic  architecture,  an  erection  of  various  kinds,  which  may  be  classed  as  fol- 
lows :  — those  used  for  marking  boundaries,  those  which  were  memorials  of  remarkable 
events,  monumental  or  sepulchral,  as  that  at  Waltham,  and  others  of  that  nature  ;  for 
preaching,  as  the  anaent  St.  Paul's  Cross ;  and  market  crosses,  as  at  Winchester,  Leigh- 
ton  Buzzard,  &c 

Cross-banded.  A  term  applied  to  handrailing,  which  is  said  to  be  cross-banded,  when  a 
X  is  laid  upon  its  upper  side,  with  the  grain  of  the  wood  crossing  that  of  the  rail,  and 
the  extension  of  the  veneer  in  the  direction  of  its  fibres  is  less  than  the  breadth  of  the 
rail. 

Cross  Beam.  A  large  beam  going  from  wall  to  wall,  or  a  girder  that  holds  the  sides  of 
the  house  together. 

Cross  Gar  vets.  Hinges  having  a  long  strap  fixed  close  to  the  aperture,  and  also  a  cross 
part  on  the  other  side  of  the  knuckle,  which  is  &stened  to  the  joint. 

Cross-grained  Stuff.  Wood  which  has  its  fibres  in  a  contrary  direction  to  the  surface, 
and  which  consequently  cannot  be  perfectly  smoothed  by  the  operation  of  the  plane, 
without  turning  either  the  plane  or  the  stuff.  This  defect  arises  from  a  twisted  disposi- 
tion of  fibres  while  in  the  act  of  growing. 

Cross  Springkes.  The  ribs  in  the  pointed  style  that  spring  from  the  diagonals  of  th« 
pillars  or  piers. 

Cross  Vaulting.     That  formed  by  the  intersection  of  two  or  more  simple  vaults.     When 
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each  of  the  simple  vaults  rises  from  the  same  level  to  equal  heights,  the  cross  vaulting  is 
denomfaiated  a  groin ;  but  when  one  of  the  simple  vaults  is  below  the  other,  the  inter- 
section is  called  an  areh  of  that  particular  species  which  expresses  both  the  simple 
arches.  For  example,  if  one  cylinder  pierce  another  of  greater  altitude,  the  arefa  so 
formed  is  termed  a  ajfUndro-eylindne  arekg  and  if  a  portion  of  a  cylinder  pierce  a  sphere 
of  greater  altitude  than  the  cylinder,  the  arch  is  called  a  tpkero-^jfiindne  areJk,  and  thus 
for  any  species  of  arch  whatever,  the  part  of  the  qualifying  word  which  ends  in  o  denotes 
the  simple  vault  having  the  greater  altitude,  and  the  succeeding  word  the  other  of  less 
altitude. 

Caow.     A  bar  of  iron  used  in  bricklaying,  masonry,  and  quarrying,  and  serving  usually  as 
a  lever  in  its  employment. 

CaowN.  (Lat.  Corona.)  The  uppermost  member  of  any  part.  Thus,  the  upper  member 
of  a  cornice,  including  the  corona  and  the  members  above  it,  is  so  called. 

CaowM  or  an  Aacu.     The  most  elevated  line,  or  that  can  be  assumed  in  its  sur&ee. 

CaowN  or  Jogolx  Post,  is  the  same  as  king  pott,  being  the  truss  post  that  sustains  the  tie 
beam  and  rafters  of  a  roo£ 

CaowN  Glass.     The  finest  sort  of  window  glass.     See  Book  IL  Chap.  II.  Sect.  II. 

CaowMiNG.  The  part  that  terminates  upwards  any  piece  of  architecture,  as  a  cornice, 
pediment,  &c. 

Cavrr.  (Gr.  Kfwtrrtt,  I  hide. )  The  under  or  hidden  part  of  a  building.  It  is  used  also 
to  ngnify  that  part  of  the  ancient  churches  and  abbeys  appropriated  below  to  the  monu- 
ments of  deceased  persons. 

CarpTo-PoaTicns.  In  ancient  architecture  a  concealed  portico,  also  one  that  for  coolness 
is  enclosed  on  every  side.  Some  of  them  were  sunk  some  way  into  the  ground.  It  also 
IB  a  term  applied  to  subterranean  or  dark  passages  and  galleries  in  the  Roman  villas, 
often  used  as  cool  sitting  rooms. 

CuBB.  (Gr.  Kv9os,  a  die.)  A  solid  bounded  by  six  square  fides.  It  is  also,  from  its  six 
sides,  called  hexak$dron, 

CuBicuLUK.  (Lat.)  A  chamber.  A  distinction  is  made  by  Fliny  between  the  eubienhtm 
and  the  dormitofium.  The  name  was  also  applied  to  the  royal  pavilion  or  tent  which  was 
built  in  the  circus  or  amphitheatre  for  the  reception  of  the  emperors. 

CuBrr.  A  linear  measure,  in  ancient  architecture,  equal  to  the  length  of  the  arm  from  the 
elbow  to  the  extremity  of  the  middle  finger,  usually  oonadered  about  ^ghteen  English 
inches.     The  geometrical  cubit  of  Vitruvius  was  equal  to  six  ordinary  cubits. 

CuL  DB  Fona.  (Fr  )  A  low  vault  spherically  fonnied  on  a  circular  or  oval  plan.  An 
oven-shaped  vault. 

CuLMBB.     In  ancient  Roman  architecture,  the  ridge-pieoe  of  the  roof. 

CuLVBBT.  An  arched  channel  of  masonry  or  brickwork  built  beneath  the  bed  of  a  canal 
for  the  purpose  of  conducting  water  under  it.  If  the  water  to  be  conveyed  has  nearly 
the  same  level  as  the  canal,  the  culvert  is  built  in  the  form  of  an  inverted  siphon,  and  acts 
on  the  principle  at  a  water-pipe.  ll>e  word  also  signifies  any  arched  channel  Ibr  water 
under  ground. 

CuLVBB-TAiL.     The  same  as  Dovb-tail,  which  see. 

CuMBUs.  (Lat)     That  part  of  the  Roman  theatre  where  the  spectators  sate. 

Cupola.  (It.  from  Cupo,  hollow.)  A  term,  properly  speaking,  which  is  confined  to  the 
undenide  or  ceiling  part  of  a  dome.     See  Domb. 

CuPBOABD.  A  recess  m  a  wall,  fitted  with  shelves  as  a  receptacle  for  articles  of  the  tea 
table. 

Cubs  Roof.  One  formed  of  four  contiguous  planes,  two  whereof  are  externally  inclined, 
the  ridge  being  in  the  line  of  concourse  of  the  two  middle  i^anes  and  the  highest  of  the 
three  lines  of  concourse.  A  roof  of  this  construction  (see  p.  S0S5. )  is  frequently  termed 
a  Mansard  roo^  from  the  name  of  its  inventor.  Its  principal  advantage  over  other  roof- 
ing arises  from  its  giving  more  space  in  the  garrets. 

Cubs  fob  Bbick  Stxps.  A  timber  nosing,  generally  of  oak,  used  not  only  to  prevent  the 
steps  from  wearing,  but  also  from  being  dislocated  or  put  out  of  their  places.  When  the 
steps  are  made  to  return,  the  curb  also  returns,  but  when  they  profile  against  a  wall,  the 
ends  of  the  curb  or  nosing  pieces  house  at  each  end  into  the  walL 

Cubb  Platk.  a  circular  continued  plate,  either  scarfed  togethtf  or  made  in  two  or  more 
thicknesses.  The  wall  plate  of  a  circularly  or  elliptieally  ribbed  dome  is  called  a  r«r6- 
plate,  as  likewise  the  horixontal  rib  at  the  top,  on  which  the  vertical  ribs  terminate.  The 
plate  of  a  skylight,  or  a  circular  frtime  for  a  well,  is  also  called  a  curb-plate.  The  name 
is  moreover  given  to  a  piece  of  timber  supported  in  a  curb  roof  by  the  upper  ends  of  die 
lower  rafters  for  receiving  the  feet  of  the  upper  rafters,  which  are  thence  called  curb 
rafters, 

CcBB-sTONBs.  Thosc  iu  the  foot-paving  of  a  street  which  divide  it  firom  the  carriage- 
paving,  above  which  they  are  or  ought  to  be  raised. 

Cuai*.  (Gr.)     A  Roman  council-house.     The  city  and  empire  contained  many  curia*. 
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The  ewria  municipidisy  or  €tomu$  curialu,  seems  to  have,  in  destinaticm,  resembled  our 
Guildhall.     The  curia  domimealis  was  a  sort  of  manor  house« 

CuauKG  Stuff.  That  which  is  affected  from  the  winding  or  coiling  of  the  fibres  round 
the  boughs  of  the  tree  where  they  begin  to  shoot  out  ot  the  trunk.  The  double  iron 
plane  is  the  best  for  working  it. 

CuEBXMT.  The  necessary  slope  of  a  piece  of  ground  or  pavement  for  carrying  off  the  water 
from  its  surface. 

Cuasoa.  (Lat. )  The  point  of  a  beam  compass  that  slides  backwards  and  forwards.  Also 
the  part  of  a  proportional  compass  by  which  the  points  are  set  to  any  given  ratio. 

CuKTAiL  Stbp.  The  first  or  bottom  step  by  which  stairs  are  ascended,  ending  at  the  furthest 
point  firom  the  wall,  in  which  it  is  placed  in  a  scroll ;  perhaps  taking  its  name  from  the 
step  curling  round  like  a  cur*s  tail. 

CuavATUEK.     See  Radius  or  CuavATuaa. 

CcavK.  (Lat  Curvus.)  A  line  that  may  be  cut  by  a  straight  line  in  more  points  than 
one. 

CuaviLiNEAa.  Bounded  by  curve  lines ;  thus  a  curvilinear  roof  is  one  erected  on  a  curved 
plan,  circular,  elliptical,  or  otherwise. 

CusHioK  Ravtkr.     See  Feimcifal  Brack. 

Cusp.  (Lat.  CuspLs.)  One  of  the  pendents  of  a  pointed  arch,  or  of  the  arched  head  of  a 
compartment  of  such  an  arch,  or  one  of  the  several  pendents  fi>rming  what  may  be  termed 
a  pcijifoiL     Two  cusps  form  a  trefoil,  three  a  quatrefbil,  and  so  on. 

Custom  Housa.  See  Book  III.  Chap.  III.  Sect.  15.  An  edifice  erected  for  the  receipt 
of  the  customs*  duties  payable  on  the  importation  and  exportation  of  merchandise. 

Cut.     In  inland  navigation,  the  same  as  canal,  arm,  or  branch. 

Cut  Brackbts.     Those  moulded  on  the  edge. 

Cut  Roof.     One  that  is  truncated. 

Cut  STAHDAans.  For  shelves,  the  upright  pieces  supporting  shelves  above  a  dresser  when 
cut  into  mouldings. 

Cut  Stons.     Hewn  stone,  or  that  which  is  brought  into  shape  by  the  mallet  and  chisel. 

Cutting  Plans.     A  plane  dividing  or  cutting  a  solid  into  two  parts  in  any  direction. 

CrcLooaAPH  (Gr.  KmcAm  and  Tpo^.)  In  practical  geometry,  an  instrument  for  describing 
tiie  arc  of  a  circle  to  any  chord  and  versed  sine,  but  chiefly  used  in  flat  segments,  or  those 
whose  curvatures  approtsch  to  straight  lines. 

Cycloid.  (Gr.  KvicAo«iSi}f . )  A  figure  described  by  rolling  a  circle  upon  a  plane  along  a 
straight  edge,  until  the  point  on  the  circle  which  touches  the  straight  edge  return  again 
to  it  after  a  revolution.     The  point  traces  the  curve  called  the  eyeUnd  or  trochoid, 

Ctclofxan  Bdildinos.     See  Book  I.  Chap.  II.  Sect  2. 

Cylinder.  (G.  Ki/AiFSfwy.)  A  solid  whose  base  is  a  circle,  and  whose  curved  surface  is 
every  where  at  an  equal  distance  from  the  axis  or  line  supposed  to  pass  through  its  mid- 
dle. Its  formation  may  be  conceived  to  be  generated  by  the  revolution  of  a  rectangular 
parallelogram  about  one  of  its  sides.  The  cone,  sphere,  and  cylinder  have  a  remark- 
able relation  to  each  other,  first  discovered  by  Archimedes,  namely,  that  the  cone  is  one 
third  the  cylinder  having  the  same  base  and  altitude ;  and  the  inscribed  sphere  two 
thirds  of  the  cylinder ;  or  the  cone,  sphere,  and  cylinder  are  to  each  other  as  the  numbers 
1,  2,  3.  It  is  termed  a  riffht  cylinder  when  the  axis  Is  at  right  angles  to  the  base,  but  if 
at  an  oblique  angle  the  cylinder  is  said  to  be  oblique. 

Ctlindrical  Cxiling  or  Vaulting.     Vulgarly  called  a  vBagg<m4ieaded  ceiUng.     One  in 
the  shape  of  the  segment  tif  a  cylinder.     The  cylindrical  ceiling  appears  to  have  been 
first  used  by  the  Romans.     It  admits  of  being  pierced  by  lunettet  for  the  admission  of 
light,  which  form  cylindro-cylindric  arches,  and  is  usually  formed  into  panels  or  coffers. 
See  p.  774. 

Cflindrical  Woax.  Any  kind  of  work  which  partakes  of  the  shape  of  a  cylinder,  of 
whatever  material  it  be  formed. 

CruNDaoiD.  A  solid  which  differs  from  a  cylinder  in  having  ellipses  instead  of  circles  for 
its  ends  or  bases. 

Ctka.  (Gr.  KvfMo,  a  wave.)  A  moulding  taking  its  name  from  its  contour  resembling 
that  of  a  wave,  being  hollow  in  its  upper  part  and  swelling  below.  Of  this  moulding 
there  are  two  sorts,  the  cyma  recta  "^     thus,  just  described,  and  the  cyma  reversa 


thus,  wherein  the  upper  part  swells,  whilst  the  lower  is  hollow.      By  the  workmen  these 

are  called  ogeet. 
Ctxatiuic.  (Gr.)     The  upper  moulding  of  a  cornice. 
Ctmbia.     The  same  as  FiLirr,  which  see. 
Ctfexsb.  (Lat.  Cupreasus.)     The  wood  of  the  cypress  was  valued  fbr  its  hardness  and 

durability  by  the  ancient  architects. 
CraiADXs.     See  AacairxcTs,  list  of^  54 
Craus.     See  Abchitxcts,  list  of,  36. 

CvsicxNus.     In  ancient  architecture,  a  large  hall  decorated  with  sculpture. 
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D. 

Uado.  The  die  or  part  in  the  middle  of  the  pedestal  of  a  column  between  the  base  ms^ 
cornice.  It  is  of  a  cubio  form,  whence  the  name  of  die.  The  term  is  also  applied  to 
that  part  of  an  apartment  between  the  plinth  and  impost  moulding. 

Dairy.  An  apartment  in  a  house,  or  a  separate  building,  for  the  preservation  of  milk*  and 
the  manufacture  of  it  into  butter,  cheese,  or  other  dairy  produce.  When  on  a  small 
scale,  where  the  milk  is  only  used  for  butter,  the  dairy  may  be  a  room  on  the  north  side 
of  the  dwelling,  or  form  one  of  the  offices  connected  with  the  kitchen  court.  The  tezo- 
perature  of  a  dairy  should  be  within  the  range  of  forty>eight  to  fifty-five  degrees  of  Fahren- 
heit, with  sufficient  ventilation  to  disdiarge  all  smells  and  impurities  of  the  air.  A 
dairy  on  a  large  scale  should  be  a  detached  building,  in  whidh  case  it  should  oootain  a 
milk-room,  a  churning-room,  and  a  dairy  scullery,  or  place  for  sralding  the  utensils. 
If  cheese  be  to  be  made,  a  room  is  required  for  the  cheese-press,  and  another  for  drying 
the  cheeses. 

Dais.  (Fr.)  The  platform  or  raised  floor  at  the  upper  end  of  a  dining-hall,  where  the 
high  table  stood ;  also  the  seat  with  a  canopy  open  for  it,  for  those  guests  who  sat  at 
the  high  table. 

Dam      Architecturally,  a  fence  against  water.     See  CorPBa-DAic. 

Daxpn£S8.  a  moisture  generally  attendant  on  buildings  finished  hastUy,  on  account  of 
the  nwterials,  not  being  dry,  carrying  up  the  moisture  by  capillary  attraction.  A  layer 
of  powdered  charcoal  miied  with  pitch  or  resin  and  powdered  pitcoal  laid  over  one  of  the 
courses  of  the  wall  near  the  foundations  will  prevent  the  evil. 

Dance.     See  AacnrrECTS,  list  of,  290. 

Damcb,  GsoaoB.     See  AacHiracrs,  list  of,  314. 

Days  or  Bays.  In  Gothic  architecture,  the  compartments  in  windows  formed  bj  the 
transoms  or  horizontal  pieces  and  mullions  or  vertical  pieces. 

Dbab  Shoks.  A  piece  of  timber  worked  up  in  brickwork  to  support  a  superincumbent 
mass  until  the  brickwork  which  is  to  carry  it  has  set  or  become  hard. 

Dkafxming  SouND.BOAaniMG.  The  pngging  used  to  prevent  the  passage  of  sound  through 
wooden  partitions. 

Deal.  (Sax.  Dclan,  to  divide. )  Properly  the  small  thickness  of  timber  into  which  a  pi«e 
of  any  sort  is  cut  up  ;  but  the  term  is  now,  though  improperly,  restricted  in  its  significa- 
tion to  the  wood  of  the  fir  tree  cut  up  into  thicknesses  in  the  countries  whence  deals  are 
imported,  viz.  Christiana,  Dantzic,  &c.  Their  usual  thickness  is  three  inches,  and  their 
width  nine.  They  are  purchased  by  the  hundred,  which  contains  ISO  deals,  be  their 
thickness  what  it  may,  reduced  by  calculation  to  a  standard  thickness  of  one  ineh  and  a 
half  and  to  a  length  of  twelve  feet  Whole  deal  is  that  which  is  one  inch  and  a  quarter 
thick,  and  dU  deal  b  half  that  thickness.     See  Board. 

Decagon.  (Gr.  Atica,  ten,  and  Tmna,  an  angle.)  A  geometrical  figure  having  ten  ades 
and  ten  angles.  If  the  sides  and  angles  are  all  equal,  the  figure  is  a  r^ular  decagon, 
and  capable  of  being  inscribed  in  a  circle. 

Dbcastylb.     See  Colonabb. 

Deciical.  (Lat )  A  term  applied  to  a  system  of  arithmetic  in  which  the  scale  of  nnmbers 
proceeds  by  tens. 

DacoRATioir.  The  combination  of  ornamental  objects  which  the  denre  for  varying  a  farai 
or  forms  brings  together  in  many  ways  for  embellishing  those  subjects  whwh  are  the 
objects  of  art.     See  Book  III.  Chap.  I.  Sect.  1. 

Dbliqulo.  (Lat)  A  term  used  by  Vitruvius  to  designate  the  rafters  which  formed  the 
ridge  of  the  roc^  and  threw  the  water  on  each  side. 

DsicETaius.     See  AacHrrBcrs,  list  of,  4. 

Density.  (Lat  Densus,  thick.)  A  term  used  in  physics  to  denote  the  quantity  of  matter 
which  a  body  contuns  under  a  given  or  determinate  surfiu^ ;  for  example,  a  cubic  foot 
The  quantity  of  matter  in  a  body  is  called  its  mass,  and  is  measured  by  the  weight  of 
the  body,  to  which  it  is  always  proportional ;  hence  the  density  of  a  body  is  great  in  pro- 
portion as  its  weight  is  great,  and  its  volume  small ;  or  the  density  of  bodies  is  direedy 
as  their  masses,  and  inversely  as  their  volumes. 

Dkntils  or  Dbntei^  (Lat.  Dentes,  teeth. )  The  small  square  blocks  or  projections  in  die 
bed  mouldings  of  cornices  in  the  Ionic,  Corinthian,  Composite^  and  occasionally  Doric 
orders ;  their  breadth  should  be  half  their  height ;  and,  as  Vitruvius  teaches,  the  intervals 
between  them  two  thirds  of  their  breadth.  In  the  Grecian  orders  they  are  not  used 
under  modillions. 

DzscRiTTioN  or  A  BuiLDiNG.  The  same  as  SpBcincATioK.  See  Book  II.  Chap.  IIL 
Sect  IS. 

DEscaiRivz  Gboxxtry.  That  which  consists  in  the  m>pltcation  of  geometrical  rules  to 
the  r^resentation  of  the  figures,  and  the  various  relations  of  the  forms  of  bodies,  accord- 
ii^  to  certain  conventional  forms.     It  differs  from  perspective^  on  account  of  the  repre- 


GLOSSARY,  ETC.  963 

•entadon  being  made  in  such  a  manner  that  the  exact  distance  between  the  different 
points  of  the  body  represented  can  always  be  found,  and  consequently  all  the  mathe- 
matical relations  resulting  from  the  fbrm  and  position  of  the  body  may  be  deduced  from 
the  representation.  See  Book  II.  Chap.  I.  Sect  6. 
Desigk.  (Lat.  Designo. )  The  idea  formed  in  the  mind  of  an  artist  on  any  particular  sub- 
ject, wmch  he  transfers  by  some  medium,  for  the  purpose  of  making  it  known  to  others. 
Every  work  of  design  is  to  be  considered  either  in  relation  to  the  art  that  produced  it, 
to  the  nature  of  its  adaptation  to  the  end  sought,  or  to  the  nature  of  the  end  it  is  des- 
tined to  serve ;  hence  its  beauty  is  dependent  on  the  wisdom  or  excellence  displayed  in 
the  design,  on  the  fitness  or  propriety  of  the  adaptation,  and  upon  the  utility  for  the 
end.  The  considerations  of  design,  fitness,  and  utility  will  be  seen  at  large  in  Book  III. 
Chap.  I.  Sects.  1,3. 


Dktails.  a  term  usually  applied  to  the  drawings  on  a  larger  scale  for  the  use  of  builders, 
and  generally  called  working  drmoinga.     See  fiiook  II.  Chap.  IV.  Sect.  4. 

DrrzaMiNiNG  Liicx.     In  the  conic  sections,  a  line  parallel  to  the  base  of  the  cone ;  in  the 
'  hyperbola  this  line  is  witiiin  the  base ;  in  the  parabolic  sections  it  forms  a  tangent  to  the 
base,  in  the  elliptic  it  fells  without  it     In  the  intersecting  line  of  a  circle,  the  determin- 
ing line  will  never  meet  the  plan  of  the  base  to  which  it  is  parallel. 

DrraiANUs.     See  AacHiTzcrs,  list  of,  49. 

DzxipBAVss.     See  Aechitxcts,  list  of,  35. 

DiAcoMicoK.  A  place  contiguous  to  the  ancient  churches,  wherein  were  preserved  the 
sacred  vestments,  vessels,  relics,  and  ornaments  of  the  altar.  In  modem  language^  the 
sacristy. 

Diagonal.  (Gr.  Am,  through,  and  r«*ria,  angle.)  A  straight  line  drawn  through  a  figure 
joining  two  opposite  angles.  Hie  term,  in  geometry,  is  used  in  speaking  of  four-sided 
figures,  but  it  is  nevertheless  properly  applied  with  reference  to  all  polygons  whereof  the 
number  of  sides  is  not  less  than  four,  llie  term  diameter  is  used  by  Euclid  in  the  same 
sense ;  but  modem  geometers  use  the  term  diameter  only  in  speaking  of  curve  lines,  and 
diagonal  when  speaking  of  angular  figures. 

Diagonal  Scale.  A  compound  scale  formed  by  vertical  and  horizontal  subdivisions  with 
diagonals  drawn  across  them,  whereby  we  are  enabled  to  measure  off  very  small  parts  by 
means  of  equidistant  parallels  crossing  others  of  the  same  kind. 

DiAOEAM.  (Gr.  AiaypofLfm,  fit>m  Aio,  through,  and  r^ofc^,  I  write.)  The  figure  or  scheme 
for  the  illustration  of  a  mathematical  or  other  proposition. 

DiAGBAPH.  (Gr.)  A  recently  invented  French  instrument  for  drawing  objects  from 
nature. 

Djaxctke.  (Gr.  Aio,  through,  and  Merpoy,  a  measure.)  A  straight  line  passing  through 
the  centre  of  a  geometrical  figure,  as  that  of  a  circle,  ellipse,  or  hyperbola.  The  term  is 
architecturally  used  to  express  the  measure  across  the  lower  part  of  the  shaft  of  a  column, 
and  is  usually  divided  into  sixty  parts,  called  minutes,  which  form  the  scale  for  the 
measurement  of  all  the  parts  of  an  order. 

Diamond  Pavement.     One  disposed  in  squares  arranged  diagonally. 

Diasttlx.  (Gr.  Aia  and  IrrvXos,  a  column.)  That  distance  between  columns  which  consists 
of  three  diameters,  or,  according  to  some,  of  four  diameters.  The  term  is  sometimes 
used  a4jectivelyy  to  signify  that  the  building  is  arranged  with  those  intervals  between 
the  columns. 

DiATONi.  (Gr.  Am  and  Tovos,  an  extension.)  In  ancient  architecture  the  angle  stones  of  a 
wall,  vrrought  on  two  fiiora,  and  which,  from  stretching  beyond  the  stones  above  and 
below  them,  made  a  good  bond  or  tie  to  the  work. 

DiAsoMA.  (Gr.  A<a,  through,  and  Zm^o,  a  cincture.)  In  ancient  architecture,  the  landings 
or  resting  places  which,  at  different  heights,  encircled  the  amphitheatre  like  so  many  bands 
or  cinctures,  whence  the  name. 

DicASTBEiiTM.  (Gt.  Aucq,  justioc.)  lu  aucient  architecture,  the  name  of  a  tribunal  or  hall 
ofjustice. 

DicrroTHETON.  (Gr.  Aurrvor,  a  net,  and  Ti^fu,  I  place.)  In  ancient  architecture,  masonry 
worked  in  courses,  like  the  meshes  of  a  net.  Also  open  lattice  work,  for  admitting  light 
and  air. 

DiDOEON.     See  Beick. 

Die  or  a  Pedestal.     That  part  included  between  the  base  and  the  cornice. 

DiooiNo.  In  soft  ground,  one  man  vnth  a  spade  will  throw  up,  per  hour,  a  cubic  yard  of 
twenty-seven  feet  If  a  mattock  must  be  used,  the  same  quantity  will  require  two  men, 
and  in  a  strong  gravel,  three.  It  will  require  three  men  to  wheel  thirty  cubic  yards  of 
gravel  in  a  day  to  the  distance  of  twenty  yards. 

Dioltpb.  (Gr.  Ais,  twice,  and  TAv^,  I  carve.)  A  projecting  face,  with  two  panels  or 
channels  sunk  thereon. 
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DiLAPiDATioH.     The  state  of  dec^y  and  ruin  into  which  a  building  has  been  pemitCied 

to  fall. 
DiMKMsioN.  (Lat.  Dimetior.)     In  geometry  is  either  length,  breadth,  or  thiekneao.      Thus 

a  line  has  one  dimension,  as  of  length ;  a  superficies  has  two,  length  and  breadth  ;  a  aaUd 

has  three  dimensions,  length,  breadth,  and  thickness. 
DiHiNisHiD  AacHBS.     Thosc  lower  or  less  than  a  semicircle,  called  by  the  Freflch  wmmUs 

9Urb<tt99S€$, 

DiMimsHBD  Bab  or  a  Sash.  One  thinner  on  the  edge  towards  the  room  than  cut  titet 
towards  the  glass  of  the  window. 

DiMiNisHBD  CoLUMV.     A  column  whereof  the  upper  diameter  is  less  than  the  lower. 

Diminishing  Rulb.  A  board  cut  with  a  concave  edge,  so  as  to  ascertain  the  swdl  of  a 
column,  and  to  try  its  curvature. 

Diminishing  Scale.  A  scale  of  gradation  used  In  finding  the  different  points  for  drawii^ 
the  spiral  curve  of  the  Ionic  volute,  by  describing  the  arc  of  a  circle  through  every  three 
preceding  points,  the  extreme  point  of  the  last  arc  being  one  of  the  next  three.  £acfa 
point  through  which  the  curve  passes  is  r^ulated  so  as  to  be  in  a  line  drawn  to  the 
centre  of  the  volute,  and  the  lines  at  equal  angles  with  each  other. 

Diminution  of  a  Column.  The  continued  contraction  of  the  diameter  of  the  column  as 
it  rises.  Most  of  the  modem  authors  make  the  diminution  to  commence  from  one  third 
of  the  height  of  the  column ;  but  in  all  the  ancient  examples  the  diminution  commence 
from  the  bottom  of  the  shaft.  See  Entasis.  In  Gothic  architecture  neither  swell  nor 
diminution  is  used,  all  the  horizontal  sections  being  similar  and  equaL 

Dining  or  Dinnxe  Room.  Generally  one  of  the  largest  rooms  in  a  dw^ling-houae.  In 
large  buildings  it  eitends  to  forty  or  fifty  feet  in  length,  and  the  breadth  is  from  half  to 
three  fourths  the  length.  In  middle-sized  houses,  dining-rooms  run  from  twenty-four 
down  to  eighteen  feet  in  length  by  eighteen  to  sixteen  feet  in  width,  and  thirteen  or  four- 
teen feet  in  height.  In  houses,  the  largest  room  on  the  ground-floor  should  be  appro- 
priated to  the  purpose. 

Dinocbatbs.     See  Abchitkcts,  list  of,  22, 

DioTi  Salvi.     See  Architxcts,  list  of^  94. 

DirrxBAL.  ( Gr.  Aivrtpor,  double-winged. )  In  ancient  architecture^  a  temple  having  a 
double  range  of  colunms  on  each  of  iu  flanks.     See  Txmplb. 

Direct  Radial.     In  perspective,  a  right  line  from  the  eye  perpendicular  to  the  picture. 

DiBBCTiNO  LiNB.  lu  perspective,  the  line  in  which  an  oi^^inal  plane  would  cut  the 
directing  plane. 

Dibxcting  Plane.  In  perspective,  a  plane  passing  through  the  point  of  sigbt,  or  the  eye* 
parallel  to  the  picture. 

Directing  Point.  In  perspective,  that  in  which  any  original  line  produced  acta  as  the 
directing  plane. 

Director  op  an  Original  Line.  In  perspective,  the  straight  line  pasang  through  the 
directing  point  and  the  eye  of  a  spectator. 

Diebctoe  of  the  Eve.  The  intersection  of  the  plane  with  the  directing  plane  perpen- 
dicular to  the  original  plane  and  that  of  the  picture,  and  hence  also  perp<mdieular  to  the 
directing  and  vanishing  planes,  since  each  of  the  two  latter  is  parallel  to  each  of  the  two 
former. 

Directrix.  In  geometry  the  name  given  to  a  certain  straight  line  perpendicular  to  the 
axes  of  a  conic  section.  One  of  the  properties  of  these  curves  is  that  the  distance  of  any 
point  of  the  curve  from  the  directrix  is  to  the  distance  of  the  same  point  from  the  focus 
in  a  constant  ratio,  'llie  name  is  sometimes  applied  generally  to  any  straight  or  curved 
line  required  for  the  description  of  any  curve. 

Discharge.  (  Fr.  D6charger. )  The  relief  given  to  a  beam,  or  any  other  pieoe  of  timber, 
too  much  loaded  by  an  incumbent  weight  of  building.  When  the  relief  is  given,  the 
weight  is  said  to  be  discharged. 

Discharging  Arches.  Those  built  over  wooden  lintels,  wherd»y  the  bearing  upon  them 
b  taken  off.  The  chords  of  discharging  arches  are  not  much  longer  Uian  the  lintel,  being 
the  segments  of  very  large  circles.  A  temporary  arch  is  frequently  introduced,  and  re- 
moved on  completing  the  building.  Sometimes  the  arches  are  budt  witliout  any  liirtd 
under  them. 

Dishing  out.     llie  same  as  Cradling,  which  see. 

DispLuviATUM.  (Lat.)  In  ancient  architecture,  a  place  from  which  the  rain  b  conveyed 
away  in  two  channels.  According  to  Vitruvius,  a  caeatUum  diqtbiviatum  was  an  open 
court  exposed  to  the  rain. 
Disposition.  (Lat.)  One  of  the  essentials  of  architecture.  It  is  the  arrangement  of  the 
whole  design  by  means  of  ichnography  (plan),  orthography  (section  and  elevation),  and 
scenography  (perspective  view).  It  differs  from  distribution,  which  ognifies  the  piu-- 
ticular  arrangemento  of  the  internal  parts  of  a  building. 
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I>i9TANcx  or  THZ  Eyx.  Ill  penpeotive,  the  distance  of  the  eye  from  the  picture  in  a  line 
perpendicular  to  the  plan  thereof. 

I>i8TAVCE,  Point  of.  In  perspective,  the  distance  of  the  picture  transferred  upon  the 
vanishing  line  from  the  centre,  or  from  the  point  where  the  principal  ray  meets  it ;  and 
thus  it  is  generally  understood  to  he  on  the  vanishing  line  of  the  horizon. 

DisfTAVcx  OF  A  Vanishiko  LivB.  The  length  of  a  perpendicular  fidling  from  the  eye 
perpendicular  to  the  vanishing  plane. 

DiSTBMPEa.  ( Fr.  Detemper. )  In  painting,  a  preparation  of  claque  colour,  ground  up 
with  size  and  water. 

DfsraiBUTiov.  (Lat.)     The  arrangement  of  the  various  apartments  of  a  building. 

DiTRiGLTPH.  (Gr.  AtSj  twice,  Tpcu,  three,  and  TAu^,  I  carve.)  An  arrangement  of  inter- 
columniations  in  the  Doric  order,  by  which  two  triglyphs  are  obtained  in  the  frieze 
between  the  triglyphs  that  stand  over  the  columns. 

DoDKCAOON.  (Gr.  AtfSciea  and  Tuvta,  an  angle.)    A  regular  polygon  of  twelve  equal  sides. 

DoDXCAHEDROK.  (Gr.  AoiStKa  and  '£8pa,  a  seat. )  One  of  the  five  platonic  bodies,  or  r^ular 
solids,  its  surface  being  composed  of  twelve  equal  and  regular  pentagons^ 

Doo-LEoaKD  Stairs.  Such  as  are  solid  between  the  upper  flights,  or  such  as  have  no 
well-hole,  and  in  which  the  rail  and  balusters  of  both  pr<^essive  and  retrogressive  flight 
fall  in  the  same  vertical  plane.  The  steps  are  fixed  to  strings,  newels,  and  carriages ;  and 
the  ends  of  the  steps  in  the  inferior  kind  only  terminate  on  the  side  of  the  string  without 
any  housing. 

DoMB.  (Lat.  Domus.)  The  spherical,  or  other  figure,  convex  roof  over  a  circular  or 
polygonal  building.  A  9urbated  or  iUminiMked  dome  is  one  that  is  segmental  on  its 
vertical  section,  a  turmotnUed  dome  is  one  that  is  higher  than  the  radius  of  its  base. 
There  is  great  variety  in  the  forms  of  domes,  both  in  plan  and  section.  In  the  former, 
they  are  circular  and  polygonal ;  in  the  latter,  we  find  them  semicircular,  semi-elliptical, 
segmental,  pointed,  sometimes  in  curves  of  contrary  flexure,  bell-shaped,  &;c.  Tlic 
oldest  dome  on  record  is  that  of  the  Pantheon  at  Rome,  which  was  erected  under 
Augustus,  and  is  still  perfect.  Below  is  a  list  of  the  principal  domes  in  Europe,  with 
their  dimensions ;  the  heights  in  the  third  column  are  from  the  ground :  — 


PUos. 


Pantheon  at  Rome         ..... 
Duomo,  or  Sta.  Maria  del  Fiore,  at  Florence    - 

St  Peter*s  at  Rome 

Sta.  Sophia  at  Constantinople  ... 

Baths  of  Caracalla  (ancient)    .... 

St,  Paul's,  London  -         -         -         -         . 

Mosque  of  Achmet         ..... 

Chapel  of  the  Medici      .         .         .         .         . 

Baptistery  at  Florence   ..... 

Church  of  the  Invalids  at  Paris        ... 
Minerva  Medica  at  Rome       .... 

Madonna  della  Salute,  Venice  ... 

St  G6n6nhye  at  Paris  (Pantheon)  ... 
Duomo  at  Siena     ...... 

Duomo  at  Milan   ...... 

St.  Vitalis  at  Ravenna    ..... 

Val  de  Grace  at  Paris     ..... 

San  Marco,  Venice         ..... 


Feet  Dlam. 

Feet  High. 

142 

143 

139 

310 

139 

330 

115 

201 

112 

116 

US 

215 

92 

120 

91 

199 

86 

110 

80 

173 

78 

97 

70 

133 

67 

190 

57 

148 

57 

254 

55 

94 

55 

133 

44 

DoMJOK.  (Fr.)  The  massive  tower  within  ancient  castles  to  which  the  garrison  might 
retreat  in  case  of  necessity.  It  was  centrally  placed,  and  frequently  raised  on  an  artificial 
elevation. 

DooKs.     Hie  same  as  Woodxk  Bricks,  which  see.     It  is  a  Scotch  term. 

Door.  (Sax.  Dop,  Gr.  Supa,)  The  gate  or  entrance  of  a  house  or  other  building,  or  of  an 
apartment  in  a  house.  It  must  be  proportioned  to  the  situation  and  use  for  which  it  is 
intended.  Thus,  for  an  ordinary  dwelling-house,  a  door  should  not  be  less  than  seven  to 
eight  feet  high,  and  three  to  four  feet  broad ;  but  to  churches  and  public  buildings  the 
entrance* doors  should  be  much  wider,  to  allow  of  a  multitude  to  pass  out.  So  in  stately 
mansions,  the  doors  must  be  from  six  to  twelve  feet  in  width,  and  of  proportionate 
height  For  the  different  sorts  and  profiles  of  doors,  see  Book  III.  Chap.  III. 
Sect.  19. 

Door  Frame  or  Case.     The  wooden  frame  enclosing  a  door. 

Doric  Order.     See  Book  III.  Chap.  I.  Sect.  4.,  and  Book  I.  Chap.  II.  Sect  4. 
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Dormant  Task  or  Sukiur.  The  lintel  of  a  door,  window  beam,  &c.  A  beam  m^wm^^i^ 
into  a  girder  to  support  the  ends  of  joists  on  both  sides  of  it  Swnmer,  in  some  psjts,  is 
the  common  term  for  a  girder. 

DoRMKR.  A  window  placed  on  the  inclined  plane  of  the  roof  of  a  house,  the  fnune  bea|p 
placed  vertically  on  the  rafters. 

DoRifnoRT.  (Lat.  Dormio,  I  sleep.)  A  large  sleeping-room,  a^ble  of  containing  many 
beds. 

DoRov.     See  Brick. 

DovE-HouBBi  or  Dovs-coT.  A  building  for  keeping  tame  pigeons,  the  only  i  ■■  iitinl 
difference  between  which  and  a  common  poultry  house  is,  that  the  entrance  for  the 
birds  must  be  placed  at  a  considerable  height  from  the  ground,  because  of  the  fligbt  of 
pigeons  being  so  much  higher  than  other  birds. 

DovB-TAiL  (from  its  spreading  like  a  pigeon's  tail).  A  Joint  used  by  carpenters  and  joiners 
in  connecting  two  pieces  o£  wood,  by  letting  one  into  the  other,  in  the  form  of  the 
eipanded  tail  of  a  dove.  It  is  the  strongest  method  of  joining  masses,  because  the  tenon 
or  piece  of  wood  widens  as  it  extends,  so  that  it  cannot  be  drawn  out,  because  the  toaigne 
is  larger  than  the  cavity  through  which  it  would  have  to  be  drawn.  The  French  call 
this  method  qneue  iThirimde,  or  swallow's  tail. 

DouBLC  CvRVATURx.     The  curvature  of  a  curve,  whereof  no  part  can  be  brought  into  a 
plane,  such  as  the  cylindro-cylindric  curve,  &c. 

DouBLC  Floor.     One  constructed  of  binding  and  bridging  joists.     See  p.  541. 

DoaBLB-HUKO  Sasrxs.     See  p.  57S,  57 S. 

DooBLB  Vaults.  Two  vaults  of  brick  or  stone  carried  up  separately  with  a  eavity  between 
them. 

DouBLiKO.     A  term  used  in  Scotland  to  denote  eaves'  boards. 

DouciNB.     The  French  term  for  the  cyma  recta. 

DowBLs.  Pins  of  wood  or  iron  used  at  the  edges  of  boards  in  laying  floors,  to  avmd  the 
appearance  of  the  nails  on  the  surface.     Floors  thus  liud  are  called  doweOtdfloon^ 

Drag.  (Verb.)  A  term  applied  to  anything  bearing  down  or  rubbing  on  another.  Thos, 
a  door  is  said  to  drag  when  its  hinges  become  so  loosened  that  the  lower  edge  rubs  upon 
the  floor. 

Dragon  Beam  or  Pibcb.  In  carpentry,  a  short  beam  or  piece  of  timber,  lying  diagonally 
with  the  wall-plates  at  the  angles  of  a  roof  for  receiving  the  heel  or  foot  crf'the  hip  rafter. 
It  is  fixed  at  right  angles  with  another  piece,  called  the  oMffle  tts,  which  is  supported  by 
each  returning  wall-plate»  on  which  it  is  cocked  down. 

Drain.  A  subterraneous  or  other  channel  for  waste  water.  See  Book  II.  Chap.  III. 
Sect.  1. 

Draught.  The  representation  of  a  building  on  paper,  explanatory  of  the  various  parts  of 
the  interior  and  exterior,  by  means  of  plans,  elevations,  and  sections,  drawn  to  a  scale,  by 
which  all  the  parts  are  exhibited  in  <^e  same  proportion  as  the  parts  of  the  edifice 
intended  to  be  represented. 

Draught.  In  masonry,  a  part  of  the  surface  of  the  stone,  hewn  to  the  breadth  of  the 
chisel  on  the  margin  of  the  stone  according  to  the  curved  or  straight  line  to  which  the 
sur&ce  is  to  be  brought.  When  the  draughts  are  framed  roimd  the  different  sides  of  the 
stone,  the  intermediate  part  is  wrought  to  the  surfiu%  by  applying  a  straight  edge  or 
templet.  In  very  large  stones,  when  the  substance  'heeds  much  reduction,  it  is  usual  to 
make  several  intermediate  parallel  draujfhtt,  and  thus  the  intermediate  parts  may  be 
hewn  down  nearly  by  the  eye,  without  much  application  of  the  straight  edge  or 
templet. 

Draught  Compassxs.     Those  with  moveable  points. 

Draw  Bore.  (Verb.)  The  pinning  a  mortise  and  tenon,  by  piercing  the  hole  through 
the  tenon  nearer  to  the  shoulder  than  the  holes  through  the  cheeks  from  the  abutment 
in  which  the  shoulder  is  to  come  in  contact. 

Draw  Bore  Piks.  Pieces  of  steel  in  the  shape  of  the  firLstrum  of  a  cone,  rather  tidier, 
and  inserted  in  handles  with  the  greatest  diameter  next  to  the  handle,  for  driving  through 
the  draw  bores  of  a  mortise  and  tenon  in  order  to  bring  the  shoulder  of  the  rail  dose 
home  to  the  abutment  on  the  edge  of  the  style.  When  this  is  effected,  the  draw  bore 
pins,  when  more  than  one  are  used,  are  taken  out  singly,  and  the  holes  immediately  filled 
up  with  wooden  pegs. 

Drawbribox.     One  made  with  long  and  heavy  levers  to  raise  or  let  it  down  at  pleasure. 

Drawing.     See  Book  II.  Chap.  IV.  Sect  1. 

Drawing  is  the  art  of  representing  any  object  by  means  of  lines  circumscribing  its 
boundaries.     For  working  drawings  see  Book  II.  Chap.  IV.  Sect  I.  * 

Drawings  necessart  in  Compositions.     Book  III.  Chap.  II.  Sect  S. 

Drawing  Room,  perhaps  more  properly  Withdrawing  Uoom.  The  apartment  to  which 
the  company  withdraw  after  dinner. 

Dressed.      A  term  in  masonry  which  expresses  the  operation  a  stone  has  undergone  before 


GLOSSARY,  Etc.  967 

building  it  in  the  wall,  whether  by  the  hammer  only  or  by  the  mallet  and  chisel,  and 
then  rubbing  the  &ce  smooth.  In  Scotland  the  term  b  used  to  signify  hammer  dress- 
ing only. 

I>RxssBa.  A  table  placed  against  a  wall  in  a  kitchen,  usually  with  drawers,  and  haying  shelves 
over  it. 

Drkssing  Rook.  A  room  generally  a4joining  to  and  communicating  with  the  sleeping 
room,  used,  as  the  name  implies,  for  dressing  in.  It  should  have  a  separate  door  to 
open  on  the  lobby  or  passage  of  communication. 

I>aEssiMos.  All  kinds  of  mouldings  beyond  the  naked  walls  or  ceilings  are  called  by  the 
general  name  of  dressings.  In  joinery  it  is  a  term  applied  to  the  architraves  or  other 
appendages  of  apertures. 

Drift.  (Sax.  Dpiran.)  The  horizontal  force  which  an  arch  exerts  with  a  tendency  to 
overset  the  piers  from  which  it  springs. 

Drip.     See  Corona. 

DRimNG  Eavzs.  (Dan.  Dripper,  to  drop.)  The  lower  edges  of  a  roof  wherefrom  the 
rain  drips  or  drops  to  the  ground.  By  the  Building  Act  dripping  eaves  are  prohibited 
within  the  bills  of  mortality,  towards  any  street  or  public  way. 

Drops.  (Sex.  Dfioppao.)  The  frusta  of  cones  in  the  Doric  order,  used  under  the  triglyphs 
in  the  architrave  below  the  taenia.  They  are  also  employed  in  the  under  part  of  the 
mutuli  or  modillions  of  the  order.  In  the  Greek  examples  they  are  sometimes  curved  a 
little  inwards  on  the  profile. 

Drovrd  Ashlar.  A  term  used  in  Scotland  for  chiselled  or  random  tooled  ashlar.  It  is 
the  most  inferior  kind  of  hewn  work  in  building.  What  is  in  that  country  called 
broached  work  is  someUmes  done  without  being  droved ;  but  in  good  broached  work  the 
face  of  the  stone  should  be  previously  droved,  and  then  broached. 

Droved  and  broached.  A  term  used  in  Scotland  to  signify  work  that  has  been  roughed 
and  then  tooled  clean. 

Drovbd  and  RRirsD.  Work  that  is  first  droved  and  then  striped.  The  stripes  are 
shallow  grooves  done  with  a  half  or  three-quarter  inch  chisel,  about  an  eighth  of  an  inch 
deep,  having  the  droved  interstices  prominent.  This  and  the  two  preceding  sorts  of 
work  are  not  much  used  in  the  southern  part  of  England. 

Druklu     See  ARCHmEcrs,  list  d^  166.  * 

Druidical  Architecture.     See  Book  I.  ChRp.  II.  Sect.  1. 

Drom.  (Dan.  l>omme.)  The  upright  part  under  or  above  a  cupola.  The  same  term 
is  sometimes  applied  to  the  solid  part  or  vase  of  the  Corinthian  and  Composite 
capitals. 

Drv  Rot.  A  disease  of  timber  which  destroys  the  cobeaon  of  its  parts ;  it  is  usually 
ascribed  to  the  attacks  of  fungi,  such  as  the  Pofyporus  destructor  and  MeruKu*  laerymant, 
whose  spawn  appears  upon  the  surface  overspreading  it  like  a  tough  thick  skin  of  white 
leather ;  and  there  is  no  doubt  of  its  being  often  connected  with  the  appearance  of  such 
fiingL  Dry  rot  is,  however,  in  some  cases  to  be  identified  with  the  presence  of  fungi  of 
a  more  simple  kind  than  those  just  mentioned,  such  as  those  of  the  genus  Sporotrichunu 
See  p.  490. 

Dubbing  out.  A  term  used  by  plasterers  to  signify  the  bringing  of  an  uneven  surface  to  a 
plane  by  pieces  of  tile,  slate,  plaster,  or  the  Uke. 

DuNSTAN.     See  Architects,  list  o^  75. 

DuoDEciiCAL.  (Lat.  Duodecim.^  Proceeding  by  twelves.  It  is  a  term  applied  to  an 
operation  in  arithmetic,  which  is  explained  in  p.  296,  et  seq. 

DwANG.  A  term  used  in  Scotland  to  denote  the  short  pieces  of  timber  employed  in  strut- 
ting a  floor. 

Dwarf  WAiNscoriNa.  Such  as  does  not  reach  the  whole  height  of  a  room,  being  usually 
four,  five,  or  six  feet  high. 

Dwarf  Walls.  Low  walls  of  less  height  than  the  story  of  a  building ;  sometimes  the 
joists  of  a  ground  floor  rest  upon  dwarf  walls.  The  enclosures  of  courts  are  frequently 
formed  by  them  with  a  railing  of  iron  on  the  top ;  and  indeed  any  low  wall  used  as  a 
fence  is  a  dwarf  wall. 

Dwelling  House.     See  p.  810,  e^  seq. 

Dwellings,  different  early  sorts  of.     See  Book  I.  Chap.  I.  Sect.  9. 

Dtx.     See  Die. 

Dynamics.  (Gr.  Awa/us,  force  or  power.)  As  generally  understood,  the  science  which 
treats  on  the  motion  of  bodies,  because  it  is  only  known  to  us  by  the  motion  it  produces  in 
the  body  on  which  it  acts.  It  is  however  usually  restricted  to  those  circumstances  of 
motion  in  which  the  moving  bodies  are  at  liberty  to  obey  the  impulses  communicated  to 
them ;  the  opposite  cases,  or  those  in  which  the  bodies,  whether  by  external  circum- 
stances or  by  their  connection  with  one  another,  are  not  at  liberty  to  obey  the  impulses 
given,  being  within  the  science  of  mechanics. 

3  Q  4 
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Eagle.  (Gr.  Atrrot.)     A  term  used  by  the  Greeka  for  the  ftoniupieoe  or  pediment  <ti 
their  temples. 

Ears.     The  same  as  Caosen-KS,  which  see. 

Earnulph.     See  AacHirccrs,  list  ol,  8p. 

Eaubald.     See  Architects,  list  ot,  70. 

Eaves.  (Probably  Fr.  Eaux.)  The  lowest  edges  of  the  inclined  sides  of  a  roof  which  pio- 
ject  beyond  the  face  of  the  walls,  so  as  to  throw  the  water  off  therefrom,  that  beaag  their 
office. 

Eaves*  Board,  Eaves*  Lath,  Eaves*  Catch.     See  Arris  Fillet. 

Ebony.  The  wood  of  a  natural  order  of  shrubby  or  arborescent  exogens,  chiefly  iwh^hi^Siig 
the  tropics.  Some  species  are  remarkable  for  the  hardness  and  bbckiiess  of  their  wood, 
which  is  principally  used  for  furniture. 

Eccentricitt.  The  difference  of  centre  from  another  circle.  The  distance  between  the 
foci  of  an  ellipse. 

Echea.  (Gr.  Hx*«h  I  sound.)  In  ancient  architecture,  sonorous  vessels  of  metal  or  earth, 
in  the  form  of  a  bell,  used  in  the  construction  of  theatres  for  the  purpose  of  reverberating 
the  sound  of  the  performer's  voice.  They  were  distributed  between  the  seats,  and  are 
described  in  the  fifth  book  of  Vitruvius,  who  states  that  Miimimus  introduced  them  in 
Rome,  after  the  taking  of  Corinth,  where  he  found  this  expedient  used  in  the  theatre. 

Echinus.  (Gr.  Ex^yos.)  The  same  as  the  ovolo  or  quarter  round,  though  the  mouldii^ 
is  only  properly  so  called  when  carved  with  eggs  and  anchors.  (See  Anchor.)  It  is 
the  sheU  or  husk  of  the  chestnut,  though  the  ornament  does  not  seem  to  bear  much  re- 
semblance to  it. 

EcruoRA.  (Gr.  Eie,  out,  ^4pv,  I  bear.)  A  word  used  by  Vitruvius  (lib.  iiL  cap.  3.,)  tosignily 
the  projecture  of  a  member  or  moulding  of  a  column,  that  is,  the  distance  of  its  extre^ 
mity  from  the  naked  of  the  column,  or,  according  to  others,  from  the  axis. 

EcTTPE.  (Gr.  Errviroy.)     An  object  in  relievo,  or  embossed. 

Edge.  (Sax.  Sese.)  Tlie  intersection  of  two  planes  or  surfaces  of  a  solid,  which  therefore 
is  either  straight  or  curved  according  to  the  directi<m  of  the  surfooes.  See  Arjus.  It 
is  also  that  side  of  a  rectangular  prismatic  body  which  contains  the  length  and  thickseas; 
but  in  this  sense  of  the  term,  the  body  to  which  it  applies  is  generally  understood  to  be 
very  thin ;  thus  we  say  **  the  edge  of  a  door,**  **  the  edge  of  a  board,**  meaning  the  nar- 
row side.  The  edge  of  a  tool  is  the  meeting  of  the  surfaces  when  ground  to  a  very 
acute  angle. 

Edge  Tools  are  those  which  clip  or  shave  in  the  operation  of  working. 

Edging.  In  carpentry,  the  reducing  of  the  edges  of  ribs  or  rafters,  whether  externally  or 
internally,  so  as  to  range  in  a  plane  or  in  any  curved  surfooe  required.  Badiing  is  a 
particular  use  of  edgmg,  and  only  applies  to  the  outer  edges  of  ribs  or  rafters ;  but 
edging  or  ranging  is  a  general  term,  and  iqiplies  either  to  the  backing  or  internal  sur- 
foce.     See  Baceing. 

Edifice.  (Lat.  ^dificium.)  A  word  synonymous  with  fobric,  building,  erection;  the 
word  is,  however,  more  usually  employed  to  denote  architectural  erections  distinguished 
for  grandeur,  dignity,  and  importance. 

Ednoth.     See  Architects,  list  o(  74. 

Effect.  (Lat  Efficio.)  That  quality  in  works  of  art  whose  nature  is  to  give  particular 
efficacy  to  other  qualities,  so  as  to  bring  them  out  and  attract  the  eye  of  the  spectator. 

Egbert.     See  Architects,  list  o/t,  68. 

Egg  ahd  Tongqe.  Ornaments  used  in  the  echinus,  supposed  by  Quatremere  de  Quincy 
to  have  had  their  origin  in  the  head  of  Isis,  and,  as  he  imagines,  representing  a  mystic^ 
collar  or  necklace  of  the  mundane  egg  and  the  tongue  of  the  serpent  of  immortality ; 
but  as  we  think,  in  the  representation  of  much  more  umple  objects,  those  of  nature  her- 
self.    See  Echinus. 

Egtptiah  Architecture.     See  Book  I.  Chap.  II.  Sect.  7. 

Egyptian  Hall.     See  (Ecus. 

Eljbothesium.  (Gr.  EXoioi',  oil. )  In  ancient  architecture,  an  apartment  in  the  baths  wherein, 
after  leaving  the  bath,  the  bathers  anointed  themselves. 

Elastic  Curve.  In  mechanics,  the  figure  assumed  by  an  elastic  body,  one  end  whereof 
is  fixed  horisontally  in  a  vertical  plane,  and  the  other  loaded  with  a  weight  which,  by  its 
gravity,  tends  to  bend  it. 

Elasticitt.  (Gr.  EAcurr^,  a  spring,  from  EAavyo.*,  I  draw.)  In  physics  that  property  pos- 
sessed by  certain  bodies  of  recovering  their  form  and  dimensions  after  the  external  fbrce 
which  has  dilated  or  compressed  them  is  withdrawn.  It  is  only  perfect  when  the  body 
recovers  exactly  its  primitive  form  after  the  force  to  which  it  has  been  subjected  has 
been  removed,  and  that  in  the  same  time  as  was  required  for  the  force  to  produce  the 
alteration.     This  is  however  a  quality  not  strictly  found  in  nature. 
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Euows.  (Sax.  eibosa. )  The  upright  sides  which  flank  any  pannelled  work,  as  in  win- 
dows below  the  shutters,  &c. 

Elkvation.  (Lat.  Elevatio. )  A  geometrical  projection  drawn  on  a  plane  perpendicular 
to  the  horizcm. 

Elupse  or  Ellipsis.  (Gr.  EAXcnfri^,  defect.)  One  of  the  conic  sections  produced  by 
cutting  a  cone  entirely  through  the  curved  sur&ee,  neither  parallel  to  the  base ;  nor 
making  a  subcontrary  section,  so  that  the  ellipsis,  like  the  circle,  is  a  curve  that  returns 
into  itself  and  completely  encloses  a  space. 

ELLipsooaAFH.     An  instrument  for  deecribing  an  ellipsis  by  continued  motion. 

Ellipsoid.     See  Conoid. 

Elliptic  Ar^ch.     A  portion  of  the  curve  of  an  ellipsis  employed  as  an  arch. 

Elliptic  Compasses.     The  same  as  Elupsookaph. 

Elliptic  winding  Stairs.     Such  as  are  cased  in  and  wind  round  an  elliptic  newel. 

Elm.  (Lat.  Ulmus.)  A  forest  tree  occasionally  used  in  building.  SeeBook  IL  Chap.  II. 
Sect  4. 

Elphage.     See  Architects,  list  of,  77. 

Embankmemt.  a  term  signifying  any  large  mound  of  earth  on  the  sides  of  a  passage  for 
water  or  other  purposes ;  also  for  protection  against  the  action  of  the  sea.  It  is  usually 
constructed  of  earth,  anct  when  necessary  to  resist  much  force,  cased  with  brick  or  stone. 

Embattled.  A  wall  indented  with  notches  in  the  form  of  embrasures  on  the  top  of  a 
wall,  parapet,  or  other  building.     It  is  sometimes  called  crenelle. 

Embattled  Aronade.     See  Aronadk. 

Embattlkd-battlbo  Line.  A  straight  line  bent  into  right  angles,  so  that  if  there  be 
three  sets  of  parts  one  set  may  be  parallel  to  the  other  two. 

Embattled  Buildings.  Those  with  embrasures  in  the  parapets,  resembling  a  castle  or 
fortified  place. 

Embossing  or  Embossed  Work.  ( Fr.  Bosse,  a  protuberance. )  The  raising  or  forming  in 
relievo  any  sort  of  figure,  whether  performed  with  the  chisel  or  otherwise.  It  is  a  kind 
of  sculpture,  in  which  the  figures  rise  from  the  plane  on  which  they  are  formed,  and  as 
they  are  more  or  less  prominent  they  are  said  to  be  in  alU),  mezzOf  or  bageo  rdievo. 

Embrasure.  An  opening  made  in  the  wall  or  parapet  of  a  fortified  place.  The  term  is 
also  applied  to  an  enlargement  within  of  the  sides  of  a  window,  in  which  sense  it  is  the 
same  as  Splat,  which  see. 

Emere,  D\     See  Architects,  list  of,  233. 

Emplectov.  (Gr.  EfiwAucm,  1  entangle.)  Among  the  ancients,  a  method  of  constructing 
walls,  in  which,  according  to  Vitruvius,  the  front  stones  were  wrought  foir  and  the 
interior  left  rough  and  filled  in  with  stones  of  various  sizes. 

Encarpds.  (Gr.  Ey  and  KOfywos.)  The  festoons  on  a  firieze,  consisting  of  firuit,  flowers, 
leaves,  &c. 

End  or  a  Stone.     The  two  parallel  sides  which  form  the  vertical  joints. 

Endbcagon.  (Grr.  Ei^ira,  eleven,  and  Tetyta,  an  angle.)  A  plain  geometrical  figure  bounded 
by  eleven  sides. 

Enoaobd  Columns.  Those  attached  to  walls,  by  which  a  portion  of  them  is  concealed. 
They  never  stand  less  than  half  their  diameter  out  of  the  wall  to  which  they  are 
attached. 

English  Bond.     See  p.  515. 

Ensbmblb.  (Fr.)  A  term  denoting  the  masses  and  details  considered  with  relation  to 
each  other. 

Entablature.  (Fr.  Entablement.)  The  whole  of  the  parts  of  an  order  above  a  column. 
The  assemblage  is  divided  into  three  parts :  the  architrave,  which  rests  immediately  on 
the  column ;  the  frieze,  next  over  the  architrave,  being  the  middle  member ;  and  the 
cornice,  which  is  the  uppermost  part.  The  first  and  last  are  variously  subdivided  in  the 
different  orders.     See  the  different  orders,  Book  III.  Chap.  I. 

Entasis.  (Gr.  Errcurts.)  A  delicate  and  almost  imperceptible  swelling  of  the  shaft  of  a 
column,  to  be  found  in  almost  all  the  Grecian  eiamples.  It  seems  to  have  been  adopted 
to  prevent  the  crude  appearance  which  the  frusta  of  cones  would  have  presented.  This 
refinement  b  alluded  to  in  the  second  chapter  of  the  third  book  of  Vitruvius,  and  was 
first  in  modem  times  observed  in  execution  in  1814  by  Mr.  Allason. 

Enter.  (Verb.)  In  carpentry  and  joinery,  the  act  of  inserting  the  end  of  a  tenon  in  the 
mouth  of  a  mortise  previous  to  its  being  driven  home  to  the  shoulder. 

Entrbsou  (Fr.)     A  low  story  between  two  higher  ones.     See  Mezzanine. 

Envelope.  (Verb.)  The  covering  of  a  portion  of  the  surface  of  a  solid  with  a  thin  sub- 
stance or  wrapper,  which  in  all  points  or  parts  comes  in  contact  with  the  surfoce  of  such 
suHace.  To  develop  the  surface  of  a  solid  is  to  find  the  envelopes  that  will  cover  its 
different  parts. 

Ephebeium.  (Gr.)  A  building,  in  ancient  architecture,  for  the  exercise  and  wrestling  of 
the  youth. 
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Enc&ANiTu.  (Gr.)  A  name  given  by  the  Greeks  to  the  tiles  forming  the  ejma  or  upper 
member  of  the  conuce  of  their  temples. 

EricrcLoiD.  (Gr.  ErurvNAor,  and  EiSor,  form.)  In  geometry,  a  ourrc  line  generated  by  tbc 
revolution  of  a  point  in  the  circumference  of  a  circle,  which  rolls  on  the  arcumferenee 
of  another  circle,  either  externally  or  internally. 

EriBciNiuii.  (Gr.  Eti,  upon,  2iHitni,  a  scene.)  In  ancient  architecture^  the  upper  order  of 
the  scene  in  a  theatre. 

Episttlium.   Gr.  Eti,  upon,  lirvKos,  colunm.)     The  same  as  AacmraATB,  whiefa  see. 

EriTiTHCDU.  (Gr.  Eri,  upon,  Ti0i|fu,  I  place.)  Tlie  crown  or  upper  mouldings  of  an  en- 
tablature. 

EQUiAMouLAa.     Having  equal  angles. 

Equidistant.     At  equal  distances. 

Equilatbral.     Having  equal  sides. 

Equiubsiuic.  In  mechanics,  an  equality  of  forces  in  opposite  directions,  so  as  mutually 
to  balance  each  other.     For  the  arch  of  equilibrium  see  Book  II.  Chap.  I.  Sect.  9l 

Eruastolum.  In  ancient  architecture,  a  name  given  by  the  Romans  to  a  prison  or  house 
of  correction,  where  slaves,  by  the  sole  authority  of  their  masters,  were  confined  for  tfaor 
offences  and  subjected  to  hard  labour.  By  the  Greeks  these  buildings  were  ealled 
sopAroaufcrio. 

Erwtk.     See  Architbcts,  list  of,  188. 

EscoBCDO,  D*.     See  Architbcts,  list  oC  197. 

Esourrba.     See  Architbcts,  list  of,  2S5. 

EsriMATB.  (Substantive.)  The  computed  cost  of  a  building  before  the  "workM  are  eom- 
menced.     See  Book  II.  Chap.  III.  Sect  14. 

EsTRADB.     An  even  or  level  space ;  a  public  road. 

Etibnke  db  Boknbvbil.     See  Architbcts,  Ust  o^  111. 

Etruscan  ARcuiTBcruRX.     See  Book  I.  C^ap.  II.  Seet.  IS. 

EuoB  DK  MoNTBBDiL.     See  AacHrrBCTS,  Ust  of,  1 17. 

EuPAUNus.     See  Arcbitxcxs,  list  of,  5. 

EuroLEMUs.     See  AscurrBcrs,  Ust  of,  27. 

EuRiTHMT.  (Gr.  ZvptfBfua,  justness  of  proportion.)  The  regular,  just,  and  symmetrical 
measures  resulting  firom  harmony  in  the  proportions  of  a  building  or  order.  Vitruvius 
makes  it  one  of  his  six  essentials. 

EusTACHius.     See  Architbcts,  list  of,  109. 

EusiYLB.  (Gr.  £(/,  well,  and  Xru\or,  column.)     See  Colonhaml 

Evaporation.  (Lat.)  The  conversion  of  substances  into  vapour,  during  which  process 
a  considerable  quantity  of  sensible  heat  passes  into  the  latent  or  insensible  state. 
The  circumstances  which  principally  influence  the  process  of  evaporation,  are  extent 
of  surface,  and  the  state  of  the  air  in  respect  of  temperature,  dryness,  stillneas,  and 
density. 

EvERSDBN,  D*.     See  Architbcts,  list  of,  1S6. 

EvBRsoLT.     See  Architbcts,  list  of,  103. 

EvoLUTB.  (Lat  Evolvo.)  In  the  theory  of  curve  lines,  is  a  curve  from  which  any  given  curve 
may  be  supposed  to  be  formed  by  the  evoimiion  or  unlapping  of  a  thread  from  a  surfoee 
having  the  same  curvature  as  the  first  curve.  The  curve  thus  generated  is  called  the 
involute  curve. 

Excavation.  (Lat)  As  connected  with  architecture  is  the  dtg|^g  out  or  hollowing  the 
ground  for  the  foundations  of  a  building,  or  of  a  floor  below  the  level  of  the  groun£ 

EzcHANGB.     See  Book  III.  Chap.  III.  Sect  14. 

ExHBDRA.  (Gr.  E^  out  of,  and  'Eipet,  a  chair.)  In  ancient  architecture,  a  small  room  in 
the  baths  and  other  buildings  appropriated  for  conversations. 

ExosTRA.  (Gr.)  In  ancient  architecture,  a  machine  for  representing  the  interior  part  of 
a  building  as  connected  with  the  scene  in  a  theatre. 

Expansion.  One  of  the  ordinarv  effects  of  heat,  which  enlarges  ihe  bulk  of  aU  matter. 
Though  the  expansion  of  soUds  is  by  increase  of  temperature  comparatively  small,  it 
may  be  rendered  sensible  by  carefully  measuring  the  dimensions  of  any  substance  when 
cold  and  again  when  heated.  Thus  an  iron  bar  fitted  to  a  gauge,  showing  its  length  and 
breadth,  will,  when  heated,  no  longer  pass  through  the  apertures.  The  metals  are  most 
expansible  by  heat  and  cold.  The  following  exhibits  the  change  which  some  of  them 
undergo  when  heated  fit>m  the  freezing  to  the  boiling  point  of  water :  — 

Tempentore. 
zap  2180 


Platinum  ....  180000  120104. 

Steel  ....         —  120147. 

Iron  ....         —  120151. 

Copper  -  -  .  -         —  120204. 


GLOSSARY,  ETC.  971 

3JO  21 20 


Brass  .  •  •  .  120000  120230. 

Tin  .  -  -  -         —  120290. 

Lead  ....         —  120345. 

Zinc  .  .  .  .         _  120360. 

£xTKNsioM.  (Lat.)  One  of  the  general  properties  of  matter,  being  the  quantity  of  space 
which  a  body  occupies,  its  extremities  in  every  direction  limiting  or  circumscribing  the 
matter  of  that  body.     It  is  the  magnitude,  size,  or  bulk  of  a  body. 

ExTBENAL  or  ExTXRioiu  A  term  of  relation  applied  to  whatever  is  on  the  surfiu»  or  out- 
side of  a  body,  as  opposed  to  iniemal  or  interior. 

ExTRADOs.  The  exterior  curve  of  an  arch.  The  term  is  generally  used  to  denote  the 
upper  curve  of  the  wmuoin  or  stones  which  immediately  form  the  arch. 

Etz.  a  general  term  signifying  the  centre  of  any  part :  thus  the  eye  of  a  pediment  is  a 
circular  window  in  its  centre.  The  eye  of  a  dome  is  the  horixontal  aperture  on  its 
summit.  The  eye  of  a  vohUe  is  the  circle  at  the  centre,  from  whose  circumference  the 
spiral  line  commences. 

EvB,  BuLL*s.     See  Bull*s  Etc 

EvaBKOw.     A  name  sometimes  given  to  the  fillet 

F. 

Fabeic.  (Lat)     A  general  term  applied  to  a  large  and  important  building. 

FA9ASE.  (  Fr. )     The  &ce  or  front  of  any  building  towards  a  street,  court,  garden,  or  other 

place ;  a  term,  however,  more  eommoidy  used  to  signify  the  principal  fit>nt 
Face  Mould.     The  name  applied  by  workmen  to  the  pattern  for  marking  the  plank  or 

board  out  of  which  ornamental  hand-railings  are  to  be  cut  for  stairs  or  other  works. 
Face  of  a  Stomx.     The  surface  intended  for  the  front  or  outward  side  of  the  work.     The 

back  is  usually  left  rough.    Stones  should  be  &ced  in  the  opposite  direction  of  their  split- 
ting grain. 
Facxttbs.   (Fr.)     Flat  projections  between  the  flutes  of  columns. 
Facia  or  Fascia.  (Lat  a  Band.)     A  flat  member  of  an  order  or  of  a  building,  like  a  flat 

band  or  broad  fillet.     The  architrave,  when  subdivided  for  instance,  has  three  bands  called 

faecia,  whereof  the  lower  is  called  the  first  fascia,  the  middle  one  the  second,  and  the 

upper  one  the  third. 
Facing.     That  part  in  the  work  of  a  building  seen  by  a  spectator ;  but  the  term  is  usually 

employed  to  ngnify  a  better  sort  of  material,  which  masks  the  inferior  one  used  in- 
ternally. 
Factablikg.     The  same  as  Coping,  which  see. 
Falcoxxtto.     See  Aecbitxcts,  list  of,  207. 
Falling  Moulds.     The  two  moulds  applied  to  the  vertical  sides  of  the  railpiece,  one  to 

the  convex,  the  other  to  the  concave  side,  in  order  to  form  the  back  and  under  surface  of 

the  rail  and  finish  the  squaring. 
False  Attic.     An  attic  without  pilasters,  casements,  or  balustrades,  used  for  crowning  a 

building,  as  at  the  gates  St.  Denis  and  St  Martin  at  Paris. 
False  Beabino.     See  Bzaking  Wall. 
False  Roof.     That  part  between  the  ceiling  of  the  upper  floor  and  the  covering  of  the 

roof. 
Fanal.  (  Fr. )     The  French  term  for  a  lighthouse. 
Fanum.    (Lat)     A  place  consecrated  to  religion,  including  the  building  and  ground 

belonging  to  it     Those  temples  erected  to  the  memory  of  distinguished  persons  were 

called  fana  by  the  ancients. 
Fableoh.     See  Abchitbcts,  list  o^  163. 
Fabm- houses.     See  Book  III.  Chap.  III.  Sect  23. 
Fabbabia.     See  Gbanabt. 
Fastioiom.  (Lat)     See  Pedihent. 
Fathom.  (Sax.)     A  measure  of  six  feet,  taken  from  the  extent  of  both   arms  when 

stretched  out  in  a  right  Une.     It  is  chiefly  used  in  measuring  the  depth  of  water, 

quarries,  wells,  or  pits. 
FxATHER-EDOED.     A  term  applied  to  any  thin  body  whose  section  is  trapezoidal ;  that  is, 

thicker  on  one  edge  than  on  the  other. 

FZATHEB- EDGED  BoABDS.       See  BoABDS. 

Featheb-kdged  Coping.     See  Coping. 

Feedeb.     a  cut  or  channel  by  which  a  stream  or  supply  of  water  is  brought  into  a  canal. 

Sometimes  the  supply  itself  of  the  water  is  so  called. 
Feeding  House  or  Suxd.     A  farm-building  for  stalling  and  fattening  neat  cattle.     It 
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should  be  in  a  dry  warm  situation,  capable  of  free  ventilation,  and  supplied  with  proper 
convenienees  ibr  food  and  water. 
FcLLiNG  TiMBBa,     The  cutting  down  a  ftill  grown  tree.     Much  difference  of  opinioo  has 
prevailed  respecting  the  proper  season  for  felling  trees,  some  being  in  fiivour  of  mid- 
winter and  others  of  midsummer.     It  is  however  a  question  which  principal]  j  turns 
upon  the  quantity  and  value  of  the  soft  or  outer  wood  in  the  trunk  of  the  tree  to  be 
felled,  called  aap  by  the  forester  and  carpenter.     This  sap  or  outer  wood  being  the  only 
portion  of  the  trunk  in  which  the  sap  or  juices  of  the  tree  circulate,  if  no  value  be  set 
upon  it,  it  seems  of  little  consequence  when  the  tree  is  cut  down,  because  the  naatore 
timber,  which  is  the  really  valuable  part  of  the  wood,  is  impermeable  to  the  mcp  in  its 
ascent  through  the  soft  wood,  and  is  therefore  in  the  same  state  at  every  season  of  the 
year.     On  the  other  hand,  where  much  value  attaches  to  the  soft  or  outer  wood,  w 
where,  as  in  the  case  of  comparatively  young  trees,  the  greater  part  of  the  trunk  coosasis 
of  sap  wood,  they  should  be  feUed  when  ^e  sap  least  circulirtes.     The  season  in  that 
case  is  doubtless  midwinter,  which,  cateris  parihut,  is  certainly  the  best  season  for  foiling 
timber.     The  next  best  season  seems  to  be  midsummer,  because  the  sap  is  then  chiefly 
confined  to  the  young  shoots,  to  the  circumference  of  the  soft  wood,  and  to  the  bark. 
The  worst  season  would  appear  to  be  the  spring,  just  before  the  development  of  the 
buds,  when  the  tree  is  fullest  of  sap,  and  receiving  fresh  supplies  of  it  from  the  root ; 
and  in  autumn,  immediately  before  the  fidl  of  the  leaf,  when  there  is  a  superabundance 
of  sap,  from  its  being  as  it  were  thrown  out  of  employment  by  the  fidling  of  the  ]ea£ 
In  general  all  soft  wood,  such  as  elm,  lime,  poplar,  willow,  &c.,  should  be  felled  during 
the  winter.     Hard  woods,  like  the  oak,  beach,  ash,  &c.,  may  be  foiled  at  any  time,  if 
the  trunks  are  of  large  size,  and  chiefly  valued  for  their  heart-wood. 

FxLT  Graik.  That  position  of  splitting  timber  which  is  clovoi  towards  the  centre  of  the 
tree,  or  transversely  to  the  annular  rings  or  plates.  The  transverse  position,  or  rather 
that  which  is  in  the  direction  of  the  annular  plates,  is  called  the  qmarUar  grain. 

Feltino.     The  act  of  splitting  timber  by  the  Mt  grun. 

Fbmcb.  (Lat.  Defensia)  Any  sort  of  construction  for  the  purpose  of  encloang  land,  as  a 
bank  of  earth,  a  ditch,  hedge,  wall,  railing,  paling*  &c 

Fender  Piles.  Those  driven  to  protect  work,  either  on  land  or  in  water,  from  the  eon- 
cussion  of  a  moving  body. 

Festook.  (Fr.)  A  sculptured  representation  of  flowers,  drapery,  and  foliage,  looped  or 
suspended  at  intervals  on  walls.  The  festoon  was  much  used  on  ftieses,  altars,  tablets^ 
also  over  or  under  niches,  as  well  as  in  many  other  situations. 

FvrcHiNG  TBB  PcMp.  The  act  of  pouring  water  into  the  upper  part  of  a  pump  to  expel 
the  air  contained  between  the  lower  box  or  piston  and  the  bottom  of  the  pump. 

Figure.  In  a  general  sense  the  terminating  extremes  or  surface  of  a  body.  No  body  can 
exist  without  figure,  or  it  would  be  infinite,  and  all  space  solid  matter.  Figure  in 
geometry,  any  plane  surface  comprehended  within  a  certain  line  or  lines. 

FiLirro.     See  AacHiTEcrs,  list  of,  1 9S. 

Fillet.  (Fr.  Filet.)  A  narrow  flat  band,  listel,  or  annulet  used  for  the  separation  of 
one  moulding  from  another,  and  to  give  breadth  and  firmness  to  the  upper  edge  of  a 
crowning  moulding,  as  in  a  cornice.  The  small  bands  between  the  flutes  of  a  column 
are  called  fillets.     See  Amhclet  and  Bakd. 

Fillet.  In  carpentry  or  joinery,  is  any  small  timber  scantling  equal  to  or  less  than 
battens.  Fillets  are  used  for  supporting  the  ends  of  boards  by  nailing  them  to  joists  or 
quarters,  &c.,  as  in  sounding  hoarding^  and  in  supporting  the  ends  of  shelves. 

Fillet  Gutter.  A  sloping  gutter,  with  a  learboard  and  fillet  thereon,  to  divert  the 
water. 

Filling  in  Pieces.  In  carpentry,  short  timbers,  less  than  the  frill  length,  fitted  against 
the  hips  of  roofs,  groins,  braces  of  partitions,  which  interrupt  the  whole  length. 

Fine  Stuff.  Plaster  used  in  common  ceilings  and  walls  for  the  reception  of  paper  or 
colour.  It  is  composed  of  lime  slaked  and  sifted  through  a  fine  sieve,  then  mixed  with 
a  due  quantity  of  hair  and  fine  sand. 

FiNiAL.  In  Gothic  architecture,  the  top  or  finishing  of  a  pinnacle  or  gable,  as  it  is  now 
generally  understood ;  but  in  ancient  documents  the  term  was  used  to  denote  an  entire 
pinnacle. 

Finishing.  A  term  firequently  applied  to  the  termination  of  a  building ;  but  more  cspe> 
cially  to  the  interior  in  the  plasterer*8  work  for  the  last  coat,  and  often  to  the  joiner's 
work,  as  in  the  architraves,  bases,  surbases,  &c. 

FiORAVANTi.     See  Architects,  list  of,  159. 

Fir.     a  forest  tree,  extensively  used  in  building.     See  p.  484. 

Fir  Poles.  Small  trunks  of  fir  trees,  firom  ten  to  sixteen  feet  long,  used  in  rustic  build- 
ings  and  outhouses. 

Fir  in  Bond.  A  technical  expression  to  denote  lintels,  twnd  timbers,  wall  plates,  and  all 
timbers  built  in  walls.     See  Bond. 
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Fir  wrought.     That  planed  on  the  edffes  and  sides. 

PiR  WROUGHT  AND  FRAMED.     That  vhich  IB  both  planed  and  framed. 

Fir  wrought,  framkd^  and  rk&atkd.     That  which  is  planed,  framed,  and  rebated. 

Fir  wrought,  pramko,  rkrated,  and  bkadrd.     The  same  as  the  preceding  article,  with 

the  addition  of  beading. 
Fir  pramxd.     Rough  timber  framed,  but  which  has  not  undergone  the  action  of  planing. 
Fir  no  Labour.     Rough  timber  employed  in  walls,  without  planing  or  framing. 
Fxrb-placr.     See  Chimnkt. 
FiRS-sTONB.     That  which  resists  the  action  of  the  fire.     A  species  of  it  is  used  in  joinery 

for  rubbing  away  the  ridges  made  by  the  outting*edge  of  the  plane. 
Firmer  Toou     A  tool  used  by  joiners.     See  p.  565, 
First  Coat.     In  plastering,  the  laying  the  plaster  on  the  laths,  or  the  rendering,  as  it  is 

called,  on  brickwork,  when  only  two  coats  are  used.     When  three  are  used,  it  is  called 

prickinff-iqt  when  upon  laths,  and  roughing-in  when  upon  bricks. 
Fischer,  Von  Erlacb.     See  Architzcts,  list  oty  269. 
Fischer,  Carl.     See  Architects,  list  of,  318. 
Fish.    (Verb.)    To  secure  a  piece  of  wood  by  fastening  another  piece  above  or  below 

it,  and  sometimes  both,  to  strengthen  it. 
Fistuca.    (lat.)     A  pile-driving  instrument  with  two  handles  rused  by  pulleys,   and 

guided  in  its  descent  to  &11  on  the  head  of  a  pile  so  as  to  drive  it  into  the  ground,  being 

what  is  by  the  workmen  called  a  monkey. 
Fitz-Odo.     See  Architects,  list  of,  108. 

Fixture..    A  term  applied  to  all  articles  of  a  personal  nature  affixed  to  land.    Thb  annex- 
ation must  be  by  the  article  being  let  into  or  united  with  the  land,  or  with  some  substance 

previously  connected  therewith. 
FuLGs.     Thin  stones  used  for  paving,  ftom  one  and  a  half  to  three  inches  thick,  and  of 

various  lengths  and  breadths,  according  to  the  nature  of  the  quarry. 
Flake  Whits.     In  painting,  lead  corroded  by  the  pressing  of  grapes,  or  a  ceruse  prepared 

by  the  acid  of  grapes.     It  is  of  Italian  manufacture,  and  for  the  purity  of  its  white  Car 

surpasses  the  white  lead  of  this  country. 
Flank.   (Fr.  Plane.)    That  part  of  a  return  body  which  joins  the  front.     In  town  houses 

the  party- walls  are  the  flank  walls. 
Flashing.    (Probably  from  Fr.  Flaque,  a  splash.)     Pieces  o^  lead  or  other  metal  let  into 

the  joints  of  a  wall  so  as  to  lap  over  the  gutters  or  other  conduit  pieces,  and  prevent  the 

splashing  of  nun  injuring  the  interior  works. 
Flat.     That  part  of  the  covering  of  a  house  laid  horixontal,  and  covered  with  lead  or 

other  materiaL 
Flatting.     In  house  painting,  a  mode  of  painting  in  oil,  in  which  the  surface  is  left,  when 

finished,  without  any  gloss.     The  material  or  paint  is  prepared  with  a  mixture  of  oil 

of  turpentine,  which  secures  the  colours,  and  when  used  in  the  finishing,  leaves  the  paint 

quite  dead.     The  process  is  of  use  where  it  is  desirous  that  the  surfiice  painted  should 

retain  the  colour.     It  is  only  used  for  inside  work  and  in  the  best  apartments.     Nut  oil 

may  be  used  for  the  purpose,  so  may  be  poppy  oil,  both  whereof  are  good  media  for  the 

colour. 
Flemish  Bond.     See  p.  516. 
Flemish  Bricks.     A  species  of  bricks  used  for  paving,  whereof  seventy-two  will  pave  a 

square  yard ;  they  were  originally  imported  from  flanders^  are  of  a  yellowish  colour, 

and  harder  than  common  bricks. 
Flixibiutt.  (Lat  Flecto.)    That  property  of  bodies  which  admits  of  their  bending.     It 

is  opposed  to  stiffne$»  on  the  one  hand,  and  britUeneu  on  the  other ;  stiff  bodies  being 

such  as  resist  bending,  and  brittle  those  which  cannot  be  bent  without  a  disruption  ^ 

their  parts. 
Flexure.     The  bending  or  curve  of  a  line  or  sur&ce.     Tlie  point  of  contrary  flexure  is 

that  point  of  a  curve  where  the  curvature  alters  from  convex  to  concave,  or  the  reverse, 

as  respects  the  first  direction  of  the  curve. 
Flight  or  Steps.     In  a  staircase  is  the  series  of  steps  from  one  landing  place  to  another. 

Thus,  the  same  staircase  between  one  floor  and  another  may  consist  of  more  than  one 

flight  of  steps ;  the  flight  being  reckoned  from  landing  to  landing. 
Flint.     A  material  often  used  in  inferior  building.     Common  flints  are  nearly  pure  HKea, 

They  usually  occur  in  irregular  nodules  in  chalk.     Their  origin  is  still  an  unsolved 

geological  problem. 
Float.     In  plastering,  a  long  rule  with  a  straight  edge,  by  which  the  work  is  reduced  to 

a  plane  surfiwe. 
Floated  Lath  and  Plaster.     Plastering  of  three  coats,  whereof  the  first  is  pricking'Up, 

see  Book  II.  Chap.  III.  Sect  9. ;  the  second,  floating  or  floated  work;  and  the  last,  of 

fine  stuff. 
Floated  Work.    Plastering  rendered  perfectly  plane  by  means  of  a  Float,  which  see. 
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FtOATiKO  ScEUDs.  (The  etymon,  of  screeds,  being  probably  sehiemto,  ranged.}  Strips 
of  plaster  previously  set  out  on  the  work,  at  convenient  intervals,  ibr  the  nape  of  t£e 
floating- rule  or  ^uat 

Floob.  (Sax.  Flope.)  The  pavement  or  boarded  lower  horizontal  surface  of  an  apartment. 
It  is  constructed  of  earth,  brick,  stone,  wood,  or  other  materials.  Carpenters  include  in 
the  term  the  framed  timber  work  on  which  the  boarding  is  laid,  as  well  as  the  boards 
themselves.  In  carpentry*  it  denotes  the  timbers  which  support  the  boarding,  called  also 
naked  ^flooring  (see  p.  540.)  and  earea»$  flooring.  The  term  floor  is,  moreover,  applied 
to  the  stories  of  a  building  on  the  same  level ;  thus,  we  have  baaement  floor,  grommd  floor, 
&c.  When  there  is  no  sunk  story,  the  ground  story  becomes  the  basement  floor ;  the 
expressions,  one  pair,  two  parr,  &c.,  implying  a  story  above  the  first  flight  of  stairs  firom 
the  ground,  and  so  on.  The  principal  floor  is  that  which  contains  the  principal  rooms  ; 
generally  in  country  houses  on  the  ground  floor,  but  in  those  of  the  town  mostly  on  the 
one  p«ur  floor. 

Floor,  folding  or  foldxd.  One  in  which  the  floor  boards  are  so  laid  that  thor  joints  do 
not  appear  continuous  throughout  the  whole  length  of  the  floor,  but  in  bays  or  Iblds  of 
three,  four,  five,  or  more  boards  each. 

Flook  Joists  are  those  which  support  the  boards  of  the  floor ;  but  when  the  floor  consists 
of  binding  and  bridging  jouts,  the  bridgings  are  never  called  floor  joists.  For  the  better 
comprehension  of  the  different  sorts  of  floors  in  carpentry,  see  p.  540,  et  seq. 

Floor  straight  Joint.  That  in  which  the  floor  boards  are  so  laid  that  their  joints  or 
edges  form  a  continued  line  throughout  the  direction  of  their  length ;  in  oppoaiticMi  to 
folding  floor,  wherein  the  joints  end  ia  folds. 

Floors.     See  Book  II.  Chap.  II.  Sect.  4. 

Florid  Sttls.     In  Gothic  architecture.     See  Book  I.  Chap.  III.  Sect.  5. 

Flue.  Hie  long  open  tube  of  a  chimney  from  the  fire-place  to  the  top  of  the  shaft,  iar 
voidance  of  the  smoke.     See  Crimiist. 

Floing.    The  same  as  Splatxd,  which  see. 

Flush.  (Lat.  Fluxus. )  A  term  used  by  workmen  to  signify  a  continuity  of  surfiue  in  two 
bodies  joined  together.  Thus,  in  joinery,  the  style,  raUs,  and  munnions  are  usually  made 
flush ;  that  is,  the  wood  of  one  piece  on  one  side  of  the  joint  does  not  project  or  recede 
from  that  on  the  other.       ^ 

Flush.  In  masonry  or  brick-work,  the  aptitude  of  two  brittle  bodies  to  splinter  at  the 
joints  when  the  stones  or  bricks  come  in  contact  when  contiguous  in  a  wall. 

Flush.  (Verb.)  A  term  to  denote  the  complete  bedding  of  masonry  or  brick- work,  in 
the  mortar  or  cement  used  for  the  connection  of  the  stones  or  bricks,  so  as  to  leave  no 
vacant  space  where  the  stones  or  bricks  do  not  nicely  fit  in  their  places. 

Flutxs  or  Flutings.  Upright  channels  on  the  shafts  of  columns,  usually  ending  hemi- 
spherically  at  top  and  bottom.  Their  plan  or  horizontal  section  is  sometimes  circular 
or  segmental,  and  sometimes,  as  in  the  Grecian  examples,  elliptical.  The  Doric  column 
(see  Book  III.  Chap.  I.  Sect  4.)  has  twenty  round  its  circumference;  the  Ionic,  Co- 
rinthian, and  Composite  (see  Sections  5,  6^,  and  7.  of  the  same  Chapter)  have  twenty- 
four.   The  Tuscan  column  is  never  fluted.   Flutes  are  occasionally  cabled.  See  Cabue. 

Flyers.     Steps  in  a  flight  of  stairs  that  are  parallel  to  each  other. 

Fltiko  Buttrrss.  a  buttress  in  the  form  of  an  arch,  springing  from  a  solid  mass  of 
masonry,  and  abutting  against  the  springing  of  another  arch  which  rises  firom  the  upp«- 
points  of  abutment  of  the  first  It  is  employed  in  most  of  the  cathedrals,  and  its  office 
is  to  act  as  a  counterpoise  against  the  vaulting  of  the  nave.  If  flying  buttresses  were 
built  solid  from  the  ground,  it  is  obrious  that  they  would  interfere  with  the  vista  along 
the  aisles  of  the  church ;  hence  the  project  of  continuing  a  resistance  by  means  of  arches. 
Their  stability  depends  on  the  resistance  aflbrded  by  the  weight  of  the  vertical  buttieas, 
whence  they  spring.     See  Arc-boutant  and  Buttrrss. 

Focus.  In  geometry  and  the  conic  sections,  a  point  on  the  concave  ride  of  a  curv^  to 
which  the  rays  are  reflected  from  all  pointe  of  such  curve. 

Fodder  or  Fothee.     A  weight  among  the  plumbers  of  London  of  1 94  owt 

FcENiLiA.    (Lat)    See  Granart. 

Foix,  DX.     See  Architects,  list  of,  245. 

Fold  or  a  Floor.    See  Floor. 

Folded  Floor.    See  Floor. 

FoLDiKo  Doors.  Such  as  are  made  to  meet  each  other  from  the  opposite  jambs  to  which 
they  are  hung ;  and  when  they  are  rebated  together,  their  edges  meet  folding  over  each 
other,  with  a  bead  at  the  joint,  to  give  the  appearance  of  one  entire  door. 

Folding  Joint.     A.joint  made  like  a  rule-joint  or  the  joint  of  a  hinge. 

Foliage.  A  sculptured  group  of  the  leaves  of  plants  and  flowers,  so  arranged  as  to  form 
architectural  ornaments,  as  in  firiexes,  panels,  &c,  and  in  the  capitals  of  the  Corinthian 
and  Composite  orders. 

Font.     A  vessel,  generally  of  stone  or  water,  for  containing  the  water  of  baptism  in  the 
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Christum  church.  Some  of  the  early  fonts  are  extremely  beautiful,  and  wrought  with 
extraordinary  richness  of  decoration.  The  singular  inscription  frequently  found  on  the 
walls  of  baptisteries  occurs  also  occasionally  on  ancient  fonts :  NIYON  ANOMHMATA 
MH  MONAN  OYINy  which,  reading  equally  well  both  ways,  admonishes  the  reader  to 
cleanse  himself  from  sin,  not  less  than  to  use  the  outward  ceremony  of  baptism. 

FoNTAKA,  Caelo.     Scc  Arcuxtbcts,  Ust  of,  266. 

FoKTANA,  DoM.     Scc  AacHiTECTs,  list  o^  242. 

Foot.  (Germ,  fuss.)  A  measure  of  length,  but  used  also  in  a  sense  which  expresses  sur- 
fiuie  and  solidity.  Thus  we  say,  a  foot  mperficial  and  a  foot  cube.  As  this  term  is  used 
in  almost  all  languages  as  a  linear  measure,  it  has  doubtless  been  derived  frt>m  the  length 
of  the  human  foot.  It  seems  in  all  other  countries,  as  in  England,  to  be  divided  into 
twelve  equal  parts,  or  inches. 

The  English  standard  foot  (31  Edw.  1.)  is«sl2  lineal  English  inches » 36  barley- 
com8«>16  digits=4  palmsaid  hands ^5^  nails^l)  spansssl*5151  Gunter*s  linkss 
'938306  ft.  of  France  «»  -3047  met  of  France.  The  foot  is  divided  by  geometricians 
into  10  digits,  and  each  digit  into  10  lines,  &c.  The  French,  as  the  English,  divide  the 
foot  into  1 2  inches,  and  the  inch  into  1 2  lines.  The  foot  square  or  superficial  is  a  foot 
each  way,  and  contains,  therefore,  12xl2s]44  superficial  inchests 8*295684  square 
links.     The  glacier's  foot  in  Scotland » 64  square  Scotch  inches. 

The  length  of  the  foot  varies  in  different  countries.  The  Paris  royal  foot  exceeds 
that  of  England  by  91  lines.  The  ancient  Roman  foot  of  the  Capitol  consisted  of  4 
palms  asll-Jr  English  mches.  The  Rhinland  or  Leyden  foot,  used  by  the  northern 
nations  of  Europe,  is  to  the  Roman  foot  as  950  to  1000.  The  following  table  exhibits 
the  length  of  the  foot  in  the  principal  places  of  the  Continent,  the  English  foot  being 
divided  into  1000  parts,  or  12  inches :  — 


Countiy. 


Lond<m  ...... 

Amsterdam        ...... 

Antwerp  ..-..- 

Bologna  -....- 

Bremen  ..---. 

Cologne  -  •        - 

Copenhagen        ...... 

Dantsic  ...... 

Dort      -  -  - 

Frankfort-on-the-Maine  .... 

Lorrain  -......- 

Mantua  .--.--• 
Mechlin  ...... 

Middleburgh      ...... 

Paris  royal  foot,  according  to  Greaves     -  •  • 

according  to  Bernard     ... 

according  to  Graham,  from  the  measure 

of  half  the  toise  of  the  Chatelet,  the  toise  being  six 
Paris  feet        ------ 

— ^— —  according  to  Mounier    -  -  . 

from  the  two  last  .  -  - 

Prague  ------- 

Rhinland  or  Leyden       .  .  .  -  . 

Riga 

Rome     --.---- 

Strasburg  ...... 

Spanish  ..-.--- 
Toledo  ------- 

Turin    --.---- 

Venice  ------- 

Greek     -  -  - 

Old  Roman,  according  to  Greaves  -  -  . 

— — — — from  the  monument  of 

Statilius  .-.-.. 


Parti. 


1000 
942 
946 

1204 
964 
954 
965 
944 

1184 
948 
958 

1569 
919 
991 

1068 

1066 


1065*416 

1065  351 

1065-4 

1026 

10S3 

1831 

967 

920 
1001 

899 
1062 
1162 
1007 

967 


Ft  In.  Lines. 


O 

O 

0 

1 

O 

0 

O 

O 

1 

0 

0 

I 

0 

0 

1 

1 


12 
11 
11 

2 
11 
11 
11 
11 

2 
11 
11 

6 
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Mr.  Raper  (^PkUot.  TranB,  vol.  li.),  from  various  authorities,  determines  th^  mean  of 
the  Roman  foot  to  be  nearly  968  parts  of  the  London  foot ;  and  he  considers  that  before 
the  reign  of  Titus  the  Roman  foot  exceeded  ^|j|f^  of  the  London  foot,  and  afterwards,  in 
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the  reigns  of  Severus  and  IModetum,  it  fell  short  of  965.  Cagnasi,  feom  exsnumtian 
of  the  monumciits  of  antiquity  in  Herculaneum  and  Pompeii,  determines  the  Roomn 
Ibot  at  -29624  metre,  which,  the  metre  being  3*2808992  English  feet,  would  make 
the  old  Roman  foot  ^  of  the  English  foot. 

Hie  Scotch  is  to  the  English  foot  as  1  -066  to  1  -000^  being,  in  feet,  the  French  foot. 
See  Mbasueks. 

Poor  or  THB  Era  Diaacroa.     In  perspectiTe,  that  point  in  the  directing  line  made  hj  m. 
vertical  plane  passing  through  the  eye  and  the  centre  of  the  picture. 

Poor  or  A  vaaTiCAi.  Linx.  In  perspective,  that  point  in  the  intersecting  line  which  is  made 
by  a  rertical  plane  paanng  through  the  eye  and  the  centre  of  the  picture. 

Foot  Pacs  or  Half  Pacc.  That  part  of  a  staircase  whereon,  after  the  flight  of  a  few^ 
steps,  you  arrire  at  a  broad  place  on  which  you  may  take  two  or  three  paces  before  yon 
come  to  another  step.    If  it  occur  at  the  angle  turns  of  the  stairs,  it  is  called  «  qmarUrpace. 

FooTiMG  Bbam.     The  name  giren,  in  some  of  the  provinces,  to  the  tie  beam  of  a  rooC 

FoonMos  or  a  Wall.  Projecting  courses  of  stone  at  the  base  of  a  wall  or  building  to 
spread  the  base,  and  give  it  security. 

FoacB.  In  mechanics,  the  course  of  motion  in  a  body  when  it  begins  to  move,  or  when  it 
changes  its  direction  from  the  course  in  which  it  was  previously  moving.  While  a  body 
remams  in  the  same  state,  whether  of  rest  or  of  uniform  and  rectilinear  motion,  the  cause 
of  its  lo  remaining  is  in  the  nature  of  the  body,  which  principle  has  recdved  the  name 
of  inertia.     For  the  laws  on  the  composition  and  resolution  of  forces,  see  p.  381,  c^Mf. 

FoacB  PuMr.     See  p.  584. 

FoacBB.  In  mechanics,  a  solid  piston  applied  to  pumps  for  the  purpose  of  producii^  a 
constant  stream,  or  of  raiting  water  to  a  greater  height  than  it  can  be  raised  by  the 
pressure  of  the  atmo^here. 

FoBB  FaoMT.     The  principal  or  entrance  front  of  a  building. 

FoEB  Plans.     In  carpentry  and  joinery,  the  first  plane  used  after  the  saw  or  axe. 

FoBBSHoarsN.  In  perspective,  the  dinunution  which  the  representation  of  the  side  or  part 
of  a  body  has,  in  <Nie  of  its  dimensions,  compared  with  the  other,  occasioned  by  the 
obliquity  of  the  corresponding  ride  or  part  of  the  original  body  to  the  plane  of  projection. 

FoBM.  Tibe  external  appearance  or  dtspoeition  of  the  surfeces  of  a  body,  in  which  sense  it 
is  sjrnonymous  with  Figdbb,  which  see. 

FoBMBKT.     See  AacHrnccrs,  list  of,  221. 

FoBVM.  (Lat.)  In  ancient  architecture,  a  public  market ;  also  a  place  where  the  common 
courts  were  held,  and  law  pleadings  carried  on.  The  fora  of  the  ^lomans  were  large 
open  squares  surrounded  by  porticoes,  parts  whereof  answered  for  market-placea^  other 
parts  for  public  meetings  of  the  inhabitants,  and  other  parts  for  courts  of  justice ;  the 
forum  was  also  occasionally  used  for  shows  of  gladiators.  There  were  in  Rome  sevcD- 
teen ;  of  these  fourteen  were  for  the  sale  of  goods,  provirions,  and  merchandise,  and  called 
Fora  Venalla ;  the  other  three  were  for  civil  and  judicial  proceedings,  and  called  jFora 
CivSia  ef  JudiaaBa,  Of  the  latter  sort  was  the  forum  of  Tnuan,  of  which  the  Trajan 
column  formed  the  principal  ornament. 

FouNDATiOK.  (Fr.  Fondation.)  The  lower  part  of  a  wall  on  which  an  insistent  wall  is 
raised,  than  which,  too,  it  is  always  much  thicker.     See  Book  II.  Chap.  III.  Sect.  1. 

FouNDBV.  A  building  in  which  various  metab  are  cast  into  moulds  or  shapes.  See 
Book  II.  Chap.  III.  Sect.  1 1. 

FouMTAXN.  (Lat.  Pons.)  Any  natural  or  artificial  apparatus  by  means  whereof  water 
springs  up.  In  natural  fountains  the  ascensional  effisct  u  produced  by  the  hydrostatic 
pressure  of  the  water  itself;  in  artificial  finintains,  by  the  same  sort  of  pressure  or  by 
that  of  compressed  air,  and  sometimes  by  machinery. 

Fox  Tail  Wxdoiko.  A  method  of  fixing  a  tenon  in  a  mortise  by  splitting  the  end  of  the 
tenon  and  inserting  a  projecting  wedge,  then  entering  the  ten<m  into  the  mortise,  and 
driving  it  home.  The  bottom  of-the  mortise  resists  the  wedge,  and  forces  it  further  into 
the  tenon,  which  will  expand  in  width,  so  as  not  only  to  fill  the  cavity  at  the  bottom,  but 
be  firmly  compressed  by  the  sides  of  the  mortise. 

Fbamx  and  Fbaiuxo.  (Sax.  F^uunman,  to  form.)  The  rough  timber  work  of  a  house,  m. 
eluding  floors,  roofe,  partitions,  ceilings,  and  beams.  Generally,  any  pieces  of  wood  fitted 
together  with  mortises  and  tenons  are  said  to  be  framed,  as  doors,  sash-frames,  sashes.  &c. 

Fbanbiho.  a  term  used  by  the  makers  of  window-sashes,  and  applied  to  the  mode  of 
forming  the  joint  when  the  cross-pieces  of  the  ftwne  intersect  each  other,  no  mcure  wood 
being  cut  away  than  is  sufficient  to  show  a  mitre. 

Fbbb  Stokk.  Any  stone  which  works  freely,  such  as  Portland  stone,  Bath  stone,  the 
limestones  generally,  &c. 

Fbbbzb.     See  Fbibzb. 

Frbmch  ABCHrrxcTUBB.     See  Book  I.  Chap.  II.  Sect  17. 

Fbbkch  Casxmbmts.  Windows  turning  upon  two  vertical  edges  attached  to  the  jambe, 
which,  when  shut,  lap  togeUter  upon  the  other  two  parallel  edges,  and  are  fittt^ned  by 
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means  of  long  bolts  extending  their  whole  height.  French  casements  are  made  in  the 
form  of  the  old  English  window,  the  two  meeting  styles,  which  lap  together,  forming  r 
munnion  about  4  inches  in  breadth.  The  lower  part  only  is  moveable,  the  upper  being 
fixed,  and  having  «  corresponding  munnion :  the  lower  rail  of  the  fixed  part  and  the 
upper  rail  of  the  moveid>le  part  fi>rming  a  transom. 

Fkxsco  Paintiko.  (It  Fresco,  firesh.)  A  method  of  painting  by  incorporating  the  colours 
with  plaster  before  it  is  dry,  by  which  it  becomes  as  permanent  as  the  wall  itself. 

Faitttb  or  Fkit.     A  species  of  ornament  consisting  of  one  or  more  snudl  fillets  meeting 
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Fig.  1044. 

in  vertical  and  horizontal  directions.    (  See  ^^.  1044.)     The  sections  of  the  channels  be- 
tween the  fillets  is  rectangular. 

Fkictiow.  (Lat.  Frico,  I  rub.)  The  resistance  produced  by  the  nibbing  of  the  surfaces  of 
two  solid  bodies  aninst  each  other. 

Frieze,  Freeze,  or  Frizb.  (Ital  Fregio,  adorned.)  That  member  in  the  entablature  of  an 
order  between  the  architrave  and  cornice.  It  is  always  plain  in  the  Tuscan  ;  ornamented 
with  triglyphs  and  sculpture  in  the  Doric ;  in  the  modem  or  Italian  Ionic  it  is  often 
swelled,  in  which  case  it  ia  sud  to  be  pulvinated  or  euthioned  ;  and  in  the  Corinthian  and 
Composite  it  is  variously  decorated,  according  to  the  taste  of  the  architect. 

Frieze  or  the  CAPrrAU     The  same  as  the  Htpotracheuum,  which  see. 

Frieze  Panel.     Hie  upper  panel  of  a  six-panelled  door. 

Frieze  Rail.     The  upper  rail  but  one  of  a  six-panelled  door. 

Frioidarium.  In  ancient  architecture,  the  apartment  in  which  the  cold  bath  was  placed. 
The  word  is  scmotlmes  used  to  denote  the  cold  bath  itself. 

Frizz  or  Friss.     See  Frieze, 

Frokt.  (Lat.  Frons.)  Any  side  or  face  of  a  building,  but  more  commonly  used  to  denote 
the  entrance  side. 

Frontinus.     See  AiicHrrBCTS,  list  of,  46. 

Frontispiece.  (Lat.  Frons  and  Inspieio.)  The  face  or  fore-front  of  a  house,  but  the  term 
is  more  usually  applied  to  the  decorated  entrance  of  a  building. 

Fronton.   The  French  term  for  a  pediment. 

Frosted.     A  species  of  rustic- work,  imitative  of  ice,  formed  by  irregular  drops  of  water. 

Frowcestbr.     See  Architects,  list  oi^  150. 

Frowet  Timber.  Such  as  works  freely  to  the  plane  without  tearing,  whose  grain  tliere- 
fore  is  in  the  same  direction. 

Frustum.  (Lat)  In  geometry,  the  part  of  a  solid  next  the  base,  formed  by  cutting  oflTthe 
top,  or  it  is  the  part  of  any  solid,  as  a  cone,  a  pyramid,  &c.,  between  two  planes,  which 
may  be  either  parallel  or  inclined  to  each  other. 

Fuccio.     See  Architects,  list  of  12S. 

FuoA.     See  Architects,  list  o^  395. 

Fulcrum.  (Lat)  In  mechanics,  the  fixed  point  about  which  a  lever  moves. 

Funnel.  (Lat  Infundibulum.)  That  part  of  a  chimney  contained  between  the  fire-place 
and  the  summit  of  the  shaft.     See  Chimney. 

Furnace.  (Lat  Fornax.)  An  apparatus  wherein  is  formed  a  cavity  to  contain  combustible 
matter,  which  in  various  ways  is  supplied  with  air,  to  fiicilitate  its  combustion.  The  two 
classes  into  which  furnaces  are  divided  are  air  or  wind  furnaces  and  blast  furnaces.  In 
the  former,  the  air  is  conducted  through  the  fire  by  the  draught  of  a  funnel  or  chimney 
communicating  with  it ;  in  the  latter,  the  action  of  bellows,  or  some  other  pneumatic 
apparatus,  supplies  the  air.  The  word  furnace  has  generally,  however,  a  more  circum- 
scribed application,  being  applied  usually  to  an  apparatus  for  the  fusion  of  metals,  or  to 
that  used  in  a  chemical  laboratory* 

Furniture.  (Fr.  Foumir,  to  fumbh.)  The  visible  brass  work  of  locks,  knobs  to  doors, 
window-shutters,  and  the  like. 

Furring.  (Fr.  Fourrir,  to  thrust  in. )  The  fixing  of  thin  scantlings  or  laths  upon  the  edges 
of  any  number  of  timbers  in  a  range,  when  sueh  timbers  are  out  of  the  sur&ce  they  were 
intended  to  form,  either  from  their  gravity,  or  in  consequence  of  an  original  deficiency  of 
the  timbers  in  their  depth.     Thus  the  timbers  of  a  floor,  though  level  at  first,  often- 
times require  to  be  furred;  the  same  operation  is  frequently  necessary  in  the  reparation 
of  old  roofr,  and  the  same  work  U  required  sometimes  in  new  as  well  as  old  floors. 
FuRRiNos.     The  pieces  of  timber  employed  in  bringing  any  piece  of  work  m  carpentry  to 
a  regular  surface  when  the  work  U  uneven,  either  through  the  sagging  pf  the  timber  or 
other  causes.  .  ,        j    . 

FosAROLE.  (It.)  A  member  whose  section  is  that  of  a  semicircle  carved  into  beads,     it  is 
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generally  pUoed  under  the  eobtniu,  or  qnarter  round  of  columns  in  the  Doric,  Ii 

and  Corinthian  orders. 
FvssiTius.     See  AKCHrrccrs,  list  of,  99. 

Fusr.  (F^.  Ffit )  The  shaft  of  a  column  or  trunk  of  a  pilaster. 
Futr.     A  term  used  in  Devonshire,  and,  perhaps,  in  some  other  counties,  to  signify  the 

tidge  ot  a  house. 

G. 

Gabls.  (Brit  Gmvel.)  Hie  vertieal  triangular  piece  of  wall  at  the  end  of  a  root,  from  the 
lerel  of  the  eaves  to  the  summit 

OABaiKL,  J.  A.     See  AacHiTscrs,  list  oC  297. 

Gabsibl,  Jacquss.     See  AacHrrBcrs,  list  of,  S77. 

Oagb,  or  Gauok.  (Sax.  Kflessiaot  to  bind  or  confine.)  In  carpenfa^  or  joinery,  an  instru- 
ment for  drawinff  one  or  more  lines  on  any  side  of  a  piece  of  stuff  parallel  to  one  of  the 
arrisses  of  that  side.  Of  this  tool  there  are  four  sorts ;  the  common  gage  and  the  flooring 
gage  (which  are  both  applied  to  the  drawing  of  a  line  parallel  to  an  arris),  the  internal 
gage,  and  the  mortise  and  tenon  gBge. 

This  term  is  also  used  to  signuy  the  lencth  of  a  slate  or  tile  below  the  lap ;  also  the 
measure  to  which  any  substance  is  confined.  It  is,  moreover,  used  by  plasterers  to  sig- 
nify a  greater  or  less  quantity  of  plaster  of  Paris  used  with  common  plMter  to  aocderate 
its  settmg. 

Gain.  In  carpentry,  the  bevelled  shoulder  of  a  binding  Joist,  for  the  purpose  of  giving  ad* 
ditional  resistance  to  the  tenon  below. 

Gaimsbobouoh.     See  Abchitbcts,  list  ot,  145. 

Gaimsa.     See  Abchitbcts,  list  of,  S22. 

Gaulbb.  a  porch  usually  built  near  the  west  end  of  abbey  churches,  where  the  monks 
collected  in  returning  firom  processions,  where  bodies  were  laid  previous  to  interment, 
and  where  females  were  allowed  to  see  the  monks  to  whom  they  were  related,  or  to  hear 
divine  service.  The  nlilees  of  Durham  and  Ely  are  found  in  the  ntuation  here  de- 
scribed. The  former  is  highly  ornamented,  and  is  eighty  by  fifty  feet,  and  divided  into 
five  aisles  by  clustered  columns  and  semicircular  arches.  The  date  of  its  erection  was 
towards  the  end  of  the  twelfth  century.  That  of  Ely  Cathedral  is  much  smaller.  It  is 
still  used  as  the  principal  entrance  to  the  church,  and  is  without  columns  or  other  in- 
ternal support  The  porch  at  the  south  end  of  the  great  transept  at  Lincoln  Cathedral 
is  also  sometimes  called  a  galilee.  The  word  has  been  firequently  used,  but  improperly, 
to  designate  the  nave  of  a  church.  Many  conjectures  have  been  made  <«  the  origin  of 
this  term,  but  the  most  commonly  received  opinion,  founded  on  a  passage  in  the  writings 
of  St  Gervase  of  Canterbury,  is,  that  when  a  female  applied  to  see  a  monk,  ahe  was 
directed  to  the  porch  of  the  church,  and  answered  in  the  words  of  Scripture,  **  He  goeth 
before  you  into  Galilee,  there  shall  you  see  him.** 

Galilbl     See  AacBrrBcrs,  list  of,  S75. 

Gallbbt.  (Fr.  Galerie.)  An  ^»artment  of  a  house,  for  different  purposes.  A  common 
passage  to  several  rooms  in  any  upper  story  is  called  a  gallery.  A  kng  room  for  the  re- 
ception of  pictures  is  called  a  picture  gallery.  The  platform  on  piers,  or  projecting  from 
the  wall  of  a  church  and  open  in  front  to  the  central  space  is  also  c^ed  a  gallery.  The 
Whispering  Gallery  at  St  Phul*s  is  another  example  of  the  various  uses  of  the  word. 
The  whole  or  a  portion  of  the  uppermost  story  of  a  theatre  is  likewise  called  a  gallery.  The 
term  is,  moreover,  used  to  denote  porticoes  formed  with  long  ranges  of  columns  on  one  side. 

Galu.     See  AacHrrBcrs,  list  <£,  276. 

Gandom.     See  Abchitbcts,  list  o^  SI  5. 

Gaou     a  prison,  or  place  of  legal  confinement     See  Book  III.  Chap.  III.  Sect  18. 

Oabdbk  Shxds.  Erections  for  ecmtaining  garden  implements,  flower-pots,  hot-bed  frames, 
and  glass  sashes,  &c. ;  also  for  working  in  during  bad  weather.  They  are  best  placed  on 
the  back  wall  of  the  tool-house,  and  thus  hold  the  ftimaces,  fuel,  and  other  articles. 

Gablamds.  (Fr.)  Ornaments  of  flowers,  fruit,  and  leaves  anciently  used  at  the  gates  of 
temples  where  feasts  or  solemn  rc;|oicings  were  held. 

Ga  hkxts,  Cboss.  a  species  of  hinge  used  in  the  most  common  works,  formed  in  the 
shape  of  the  letter  T  turned  thus  H ,  the  vertical  part  being  fiutened  to  the  style  or  jamb 
of  the  doorcase,  and  the  horisontal  part  to  the  door  or  shutter. 

Gabbet.  The  upper  story  of  a  house  taken  either  partially  or  wholly  from  the  space 
within  the  root 

Garsia.     See  AacHrrBcrs,  list  of,  232. 

Gatx.  (  Sax.  Ereac. )  A  large  door,  generally  framed  of  wood.  The  width  of  gates  should  be 
from  eight  and  a  half  to  nine  feet,  and  the  height  from  five  to  eight  feet  The  materials 
of  gates  should  be  well  seasoned  previous  to  use,  otherwise  they  will  be  soon  injured  by 
the  sun  and  wind.    The  parts  should  be  also  very  correctly  put  together.    For  durability. 
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oak  b  the  best ;  Vat  aome  of  the  lighter  woods,  m  deal,  wUlow,  and  idder,  are,  on 
account  of  their  ligfatnees,  ocoaaipnally  used.  Tbeee^  however,  are  mote  for  field-bar  gates 
than  eloae  gates. 

Gauob.     See  Gags. 

Gatxu     The  aame  as  Gabli,  which  see. 

GATHsaiKo  or  thb  Wihos.     See  Cbimhkt. 

GiMaKATiwo  CuaTc.     See  Etolutx. 

GurxaATiMa  Limk  or  Plans.  In  geometry,  a  line  or  plane  which  moves  according  to  a  given 
Uw,  either  round  one  of  its  extremities  as  a  fixed  point  or  axis,  or  parallel  to  itself,  in  order 
to  generate  a  plane  figure,  or  solid,  formed  by  the  space  it  has  gone  over. 

GaKBsis.  (Gr.)  In  geometry,  the  formation  of  a  line,  planer  or  solid,  by  the  motion  of  a 
point,  line,  or  plane.     See  GzKsaATiiio  Livx. 

Gkmoa.  .  See  AacHirscTS,  list  oi,  SIS. 

GBOMcraicAL.     That  which  has  a  relation  to  geometry. 

GsoMnaicAL  SrAiacASx.  That  in  which  the  flight  of  stain  is  supported  by  the  wall  at  one 
end  of  the  steps. 

GxoiixTaT.  (Gr.  Pih  the  earth,  and  Mtrpm,  I  measure.)  That  aeienoe  which  treats  of  the 
objects  of  figured  space.  Its  etymology  implies  the  object  of  measuring  bod,  that,  as  it 
u  said,  being  its  first  application  in  ^E^ypt,  where  it  u  pretended  to  have  been  invented, 
for  ascertaining  the  landmarks  after  the  yearly  recession  of  the  inundations  of  the  Nile, 
in  order  to  mark  the  proper  allotment  of  each  owner.  Whatever  the  origin,  however,  of 
the  term,  the  occasions  on  which  it  is  necessary  to  compare  things  with  one  another  in 
respect  of  their  forms  and  magnitudes  are  ao  numerous  in  every  stage  of  society,  that  a 
geometry  more  or  less  perfect  must  have  existed  firom  the  first  periods  of  civilisation. 
See  Book  II.   Chap.  I.  Sect  S. 

GsoMBTaT,  DXSCMPTivs.  The  art  of  representing  a  definite  body  upon  two  pbnes  at  right 
angles  with  each  other,  by  lines  foiling  perpencucularly  to  the  planes  hova.  all  the  points 
of  concourse  of  every  two  contiguous  sides  .of  the  body,  and  firom  all  points  of  its  contour, 
and,  vie€  ver$d,  firom  a  given  representation  to  ascertain  the  parts  of  the  original  objects. 
See  Book  II.   Chap.  I.  Sect  6. 

GxoMiTRT,  pEAcncAU     Scc  Book.  II.  Chap.  I.  Sect  3. 

GxaHAiK,  St.     See  AacHrrxcrs,  list  ci,  57. 

Gibes,  J.     See  AacHrrBcrs,  list  oi,  881. 

GiBBs,  W.     See  Architxcts,  list  of,  188. 

GiBLBA  Chbqob.  a  term  used  by  Scotch  masons  to  denote  the  cutting  awav  of  the  right 
angle  formed  by  the  firont  and  returns  of  the  aperture  of  a  stone  door-case,  m  the  form  of 
a  rebate  or  reveal,  so  as  to  make  the  outer  side  of  the  door  or  closure  flush  with  the  foce 
of  the  waU. 

Gilding.  The  practice  of  bying  gold  leaf  oo  any  surfiue.  See  Book  II.  Chap.  III. 
Sect  IS. 

Gill.     A  measure  equal  to  one  fourth  of  a  pint 

Gimbals,  Gibcbols,  or  Gimblbs.  (Lat.  Gemellus.)  A  piece  of  mechanism  consisting  of 
two  brass  hoops  or  rings  which  move  within  one  another,  each  perpendicularly  to  its 
plane,  about  two  axes  at  right  angles  to  each  other.  A  body  suspended  in  tbu  manner, 
having  a  free  motion  in  two  directions  at  right  angles,  assumes  a  constantly  vertical  po- 
sition. 

GniLBT,  or  perhaps  more  properly  Gimblbt.  (Fr.  Guimbelet)  A  piece  of  steel  of  a  semi- 
cylindrical  form,  hollow  on  one  side,  having  a  cross  handle  at  one  end  and  a  worm  or 
screw  at  the  other.  Its  use  b  to  bore  a  hole  in  a  piece  of  wood.  The  screw  draws  the 
instrument  into  the  wood  when  turned  by  the  handle,  and  the  excavated  part,  forming  a 
sharp  angle  with  the  exterior,  cuts  the  fibres  across,  and  contains  the  coreof  the  wood  cut  out 

GiocoNDO.     See  ABCHrrEcrs,  list  of,  18S. 

GiOBGio,  Dl     See  Abchitbcts,  list  of,  161. 

GiovAN  BARivrA  SI  ToLBDO.     See  AacRrrBCTs,  Ibt  o^  S34. 

GiovAKKi  DA  Pisa,     See  AacHrrBCTs,  list  of,  1S9. 

GiBDBB.  (Sax.  Irjriiban,  to  enclose.)  The  principal  beam  in  a  floor,  for  supporting  the 
binding  or  other  joista,  whereby  the  bearing  or  length  b  lessened.  Perhaps  so  called 
because  the  ends  of  the  joists  are  enclosed  by  it 

GiBDLB.     A  circular  band  or  fillet  surrounding  a  part  of  a  column.  ^ 

GiBT.  The  length  of  the  circumference  of  an  object  whether  rectilinear  or  curvilinear,  on 
its  horixontal  section.  In  timber  measuring,  according  to  some,  b  taken  at  one  fourth 
of  the  circumference  of  the  tree,  and  b  so  tiScen  for  the  side  of  a  square  equal  in  area  to 
the  section  of  the  tree  cut  through,  where  the  perimeter  b  taken  in  order  to  obtain  the 

girt 
Glass.    (Germ.)    A  transparent  impermeable,  and  brittle  substance,  whereof  the  different 

sorts  used  in  building  are  described.  Book  II.  Chap.  II.   Sect  11. 
Glass  Paihtiico.     A  decoration  frequently  used  in  buildings,  b  the  method  of  staining 
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glass  in  such  a  maimer  as  to  produce  the  eflfeet  of  representing  afl  the  sulitieols  wheareai 
the  art  is  susceptible.     A  French  painter  of  Marseilles  is  said  to  have  been  the  lint  wbo 
instructed  the  Italians  in  this  art,  during  the  pontificate  of  Julius  II.  .  It  waa,  however, 
practised  to  a  considerable  extent  by  Lucas  of  Lejden  and  Albert  Duicr.     The  dil&rent 
eolours  are  prepared  as  follows :  — Bladk  is  produced  by  two  tiitrds  of  iron  ecnlei  or 
flakes,  and  the  other  third  of  small  glass  beads,  or  a  substance  called  roeea^Hu  by  the 
Italians.      fTAtte  is  prepared  for  by  sand  or  small  white  pebUea  calcined,  pooncied,  aaad 
then  finely  ground.     One  fourth  part  of  saltpetre  is  added,  and  the  mixture  is  then  again 
calcined  and  pulTcrised,  to  which  a  little  gypsum  or  plaster  of  "Bam  is  added.     FeBmp  b 
formed  from  leaf  silver,  grotmd  and  mixed  in  a  crucible  with  saltpetre  or  sulphur  ;  then 
ground  on  a  porphyry  stone,  and  lastly,  again  ground  with  nine  times  the  quantity  of  red 
ochre.     Rtd,  one  of  the  moat  difficult  of  the  colours  to  make,  is  prepared  fiom  nthaige 
of  siWer  and  iron  scales,  gum  Arabic,  ferretta,  glass  beads,  and  bloodstone,  in  nearlj  equal 
quantities.     Great  experience  is  necessary  to  succeed  in  making  thu  oolour.      GT9e»  is 
produced  firom  os  ustum  one  ounce,  the  same  quantity  of  black  lead,  and  four  oonoes  of 
white  lead,  incorporated  by  the  action  of  fire.     When  calcined,  a  fourth  part  of  salt- 
petre is  added,  and,  after  a  second  calcination,  a  sixth  more ;   after  which  a  third  ooctioa 
is  made  before  using  it.     Axmre,  purpU,  and  violei  are  prepared  in  a  similar  manner  to 
green,  omitting  the  os  ustum,  and  in  its  stead  using  sulphur  for  azure,  perigueux  for 
purple,  and  both  these  drugs  for  violet.      Carnaium*,  which  are  compounded  eolours^  are 
calcined,  and  usually  mixed  with  water.     They  must  be  finished  psirt  by  part,  and  each 
with  great  dispatdi,  before  the  plaster  dries,  for  there  is  little  opportunity  for  blendk^. 
The  lights  cannot  be  heightened,  but  the  shadows  may,  when  they  begin  to  dry,  be  a  little 
strengthened.     Promptitude  and  fiiciUty  in  execution  are  the  great  requisites  for  this 


method  of  painting. 

Glass  Plats.     Glass  east  in  pktes  and  polished.     See  p.  510.      The  following  ia  the 
tariff  of  the  Thames  Plato  Glass  Company,  Savoy  Wtiarf,  London,  for  unaiivered  plates, 
from  one  to  seventy-five  fiiet  superficial :  -^ 
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The  cost  of  silvering  is  about  20  to  25  per  cent,  on  the  above  prices. 

Glaxixr.  An  artisan  whose  employment  is  that  of  fitting  and  fixing  the  glass  employed 
in  a  building.     See  Book  II.  Chap.  III.  Sect.  8. 

Glux  (from  tiie  Lat.  Gluten.)  A  tenacious  viscid  matter  made  of  the  skins  and  boo& 
of  animals,  for  cementing  two  bodies  together.  Glue  is  bought  in  cakes,  and  is  better 
the  older  the  skin  of  the  animal  from  which  it  is  made.  That  which  swells  without  dts« 
solving  when  steeped  in  water  is  the  best  To  prepare  glue  it  should  be  broken  into 
small  fragments  and  then  steeped  in  water  about  twelve  hours.  It  should  be  then  heated 
in  a  leaden  or  copper  vessel  till  the  whole  is  dissolved,  stirring  it  frequently  with  a  stick. 
After  this  it  is  put  into  a  wooden  vessel  and  remains  for  use.  Good  glue  for  external 
work  is  made  by  grinding  as  much  white  lead  with  linseed  oil  as  will  just  noake  the 
liquid  of  a  whitish  colour,  and  strong  but  not  thick. 
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Glyph.  (Gr.  rxv^  I  canre.)  A  sunken  channel,  the  term  being  umaUy  employed  in 
reference  to  a  vertical  one.  From  their  number,  those  in  the  Doric  order  are  called 
triglyphs. 

GLTrroTHxcA.  (Gr.  FAv^  and  ^nioh  deposit)  A  building  or  room  for  the  preservation 
of  works  of  sculpture. 

Gneiss.  A  species  of  granite  which,  from  excess  of  mica,  is  generally  of  a  lamellar  or  slaty 
texture.     It  is  a  term  used  by  the  miners  of  Germany. 

Gnomok.  (Gr.  Tyw/uwy.)  An  instrument  for  measuring  shadows,  and  thereby  determining 
the  sim*8  height.  In  dialling,  it  b  the  style  of  the  mal,  and  its  shadow  marks  the  hour. 
It  is  placed  so  that  its  straight  edge  is  parallel  to  the  axis  of  the  earth's  rotation.  In 
geometry,  a  gnomon  is  that  part  of  a  parallelogram  which  remains  when  one  of  the 
parallelograms  about  its  diagonal  is  removed ;  or  the  portion  of  the  parallelogram  com- 
posed of  the  two  complements  and  one  of  the  parallelograms  about  the  diagonaL  Tlie 
term  is  found  in  Euclid,  but  is  now  rarely  used. 

GoccxouLTOio.     The  same  as  Corona,  which  see. 

GoLA,  or  GuLA.    (It)     The  same  as  Ctxa,  which  see. 

GoLDCLirr.     See  Architxcts,  list  of,  102. 

GoNDouiN.     See  Architxcts,  list  o(,  312. 

GoNioMXTXR.  (Gr.  r«yia,  an  angle,  and  Merp»,  I  measure.)  An  instrument  for  measuring 
solid  angles. 

GoNSALvo.     See  Architrcts,  list  o£,llS. 

Gorge.     The  same  as  Cavetto,  which  see.     The  porgerin  is  a  diminutive  of  the  term. 

GoRooNxiA.  ( Gr. )     Key-stones  carved  with  Gorgons'  heads. 

Gothic  ARCHrrscruRB.  See  Book  I.  Chap.  II.  Sect  15.  ;  and  same  Book,  Chap.  III. 
Sections  2,  S,  4,  and  5. 

GoupiNG  Foundations.  A  Scotch  term,  signifying  a  mode  of  securing  unsound  walls  by 
driving  wedges  or  pins  under  their  foundations. 

Gouge.     A  chisel  whose  section  is  of  a  semicircular  form. 

Government  OrricBS.     See  Book  III.   Chap.  IIL  Sect  5. 

Gradetti.     The  same  as  Annulets,  which  see. 

GR.SCOSTAS18.  A  hall  or  portico  adjoining  the  Roman  comitia,  in  which  foreign  ambassa- 
dors waited  before  entering  the  senate^  and  also  whilst  waiting  the  answer  that  was  to  be 
given  to  them. 

Grain.  In  wood  or  stone,  is  the  line  of  direction  in  which  either  may  be  split  trans- 
versely. 

Gran  ART.  (Lat  Granum.)  A  building  for  storing  com,  especially  that  intended  to  be 
kept  for  a  considerable  time.  Vitruvius  calls  those  buildings  intended  for  the  preserva- 
tion of  grain,  gramaria,  those  for  hay  fianiHa,  and  those  for  straw  fiararia.  The  term 
harrtmm  was  used  by  tiie  Romans  for  denoting  buildings  not  only  for  the  preservation  of 
com,  but  for  various  other  effects. 

Grand.  A  term  used  in  the  fine  arts,  generally  to  express  that  quality  by  which  the 
highest  d^ree  of  miyesty  and  dignity  is  imparted  to  a  work  of  art  Its  source  is,  in 
form,  freed  from  ordinary  and  common  bounds,  and  to  be  properly  appreciated  requires 
an  investigation  of  the  different  qualities  by  which  great  and  extraordinary  objects  pro- 
duce impressions  on  the  mind. 

Grange.  A  fiirm-yard  ot  fiurmery,  consisting  of  a  form-house  and  a  court  of  offices  for 
the  different  animals  and  implements  used  m  forming,  as  also  of  bams,  feeding  houses, 
poultry  houses,  &c. 

Granite.     See  Book  II.  Chap.  II.  Sect  S. 

Graticulatioh.  The  division  of  a  design  or  draught  into  squares,  for  the  purpose  of 
reducing  it  to  smaller  dimensions. 

Graveu  a  term  applied  to  a  well-known  material  of  small  stones,  varying  in  sise  from  a 
pea  to  a  walnut,  or  something  larger.  It  is  often  intermixed  with  other  substances,  as 
sand,  clay,  loam,  flints,  pebbles,  iron  ore,  &c. 

Gravitt.     See  SpEcinc  Gravity. 

Grecian  Architecture.     See  Book  I.  Chap.  II.  Sect  11. 

Greek  Cross.     See  Cross. 

Greek  Masonry.     The  manner  of  bonding  walls  among  the  Grecians.     See  Masonry. 

Greenhouse.  A  building  for  sheltering  in  pots  plants  which  are  too  tender  to  endure  the 
open  air  the  greater  part  of  the  year.  It  is  constructed  with  a  roof  and  one  or  more 
sides  of  glass,  and  being  one  constructed  for  luxury  should  not  be  for  away  from  the 
dweUing-house,  so  that  the  greatest  enjoyment  may  be  had  fitnn  it  At  the  same  time 
it  should,  if  posuble,  be  near  the  flower-garden,  as  being  of  similar  character  in  use.  The 
length  and  breadth  can  only  be  determined  by  *the  wealth  and  objects  of  the  proprietor. 
The  best  aspects  are  south  and  south  east,  but  any  aspect  may,  in  case  of  necessity,  be 
taken,  if  the  roof  be  entirely  of  glass,  and  plenty  of  artificial  heat  bo  supplied.  In  those 
greenhouses,  however,  which  foce  the  north,  the  tender  plants  do  not  in  winter  succeed 
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■o  wdl,  tnd  a  grmter  quantity  of  artifleial  heat  must  then  be  nippfied,  and  the  pfante 
should,  IB  sueh  ease,  be  chiefly  erergreens,  and  others  that  oome  into  flower  in  ttie  samnMr 
•eason,  and  grow  and  flower  but  little  during  the  winter.  The  plants  in  greenhouses 
are  kept  in  pots  or  boxes  on  stages  or  thelTes,  so  as  to  be  near  and  follow  the  slope  of 
the  roof,  and  thus  made  more  suseeptible  of  the  action  of  the  8un*s  rays  xmmediatel  j  on 
passing  through  the  glasa. 

An  orangery,  firom  being  oonstruoted  with  a  eeiled  rooC  diflfars  from  a  greenhouse  ;  it 
is,  mmeover,  chiefly  devoted  to  plants  producing  their  shoots  and  flowers  in  the  summer 
season,  and  in  the  open  air ;  the  use  of  the  orangery  being  merely  to  preserre  tfaem 
during  the  winter.  The  structure  is  more  properly  cidled  a  oonserratory,  though  this 
term  is  now  applied  to  buildings  with  glass  roofs,  wherein  the  plants  are  not  kept  in 
pots,  but  planted  in  the  free  soil,  and  wherein  some  are  so  reared  as  to  grow  and  flower 
m  the  winter  months. 

Gasr  Stocks.  Bricks  of  the  third  quslity  of  the  best  or  malm  bricks.  See  Book  II. 
Chap.  II.  Sect  10. 

Grindino.  The  act  of  taking  off  the  redundant  parts  of  a  body,  and  fimning  it  to  its 
destined  surfiwe. 

GaiMDSTONs.  A  cylindrical  stone,  mounted  on  a  spindle  through  its  axis^  with  a  winch- 
handle  for  turning  it,  to  grind  edge-tools. 

Grit  Stoks.  One  of  various  degrees  of  hardness ;  mostly  of  a  grey,  sometimes  of  a  yel- 
lowish, colour.  It  is  composed  of  a  siliceous  and  micaceous  sand,  closely  oompacteo  by 
an  argillaceous  eement  It  gives  some  sparks  with  steel,  is  indissoluble,  or  nearly  so,  in 
acids,  and  vitrifiable  in  a  strong  fire.     It  is  used  for  millstones  more  than  for  building. 

Groik.  (  Sax.  I^popcn,  to  grow. )  Tlie  line  formed  by  the  intersection  of  two  arches,  which 
cross  each  other  at  any  angle.     See  Cross  Vaultiwc,  and  Book  II.  Chap.  I.  SecL  9. 

Groinkd  Cbxumg.  One  formed  bv  three  or  more  curved  surfaces,  so  that  every  two  may 
form  a  groin,  all  the  groins  terminating  at  one  extremity  in  a  common  point. 

Groove.  (Sax.  IVparan,  to  dig.)  A  sunken  rectangular  channel.  It  is  usually  employed 
to  oonneot  two  pieces  of  wood  together,  the  piece  not  grooved  having  on  its  edge  a 
projection  or  tomffue,  whose  section  corresponds  to  and  fits  the  groove. 

Grotrsqits.  ( Fr. )  A  term  applied  to  capricious  ornaments  which,  as  s  whole,  have  no 
type  in  nature,  consirting  of  figures,  animals,  leaves,  flowers,  fruits,  and  the  like,  all 
connected  together. 

Ground  Joists.  Those  which  rest  upon  sleepers  laid  upon  the  ground,  or  on  bricks,  prop 
stones,  or  dwarf  walls ;  they  are  only  used  in  basement  and  ground  floors. 

Orocmd  Likr.  In  perspective,  the  intersection  of  the  picture  with  the  ground  plane.  See 
Grouxd  Plahs. 

Ground  Nicns.     One  whose  base  or  seat  is  on  a  level  with  the  ground  floor. 

Ground  Plan.  The  plan  of  the  story  of  a  house  level  with  the  surfiioe  of  the  ground,  or 
a  few  steps  above  it.  It  is  not  always  the  lowest  floor,  the  basement  bang  frequently 
beneath  it. 

Ground  Plans.  In  perspeetive  the  situation  of  the  original  plane  in  the  supposed  level 
of  our  horison.  It  differs  fW>m  the  horixontal  plane,  which  is  said  of  any  plane  parallel 
to  the  horizon ;  whereas  the  ground  plane  is  a  tangent  plane  to  the  surfiuse  of  the  earth, 
and  is  supposed  to  contain  the  objects  to  be  represented.  The  term  ground  plane  b  used 
in  a  more  confined  sense  than  that  of  original  plane,  which  may  be  any  plane,  whether 
horisontal  or  inclined. 

Ground  Plats  or  Ground  Sill.  The  lowest  horizontal  timber  on  which  the  exterior 
walls  of  a  building  are  erected.  It  chiefly  occurs  in  timber  buildings,  or  in  buildings 
whose  outside  waUs  are  formed  of  brick  panels  with  timber  framings. 

Ground  Plot.  The  plan  of  the  walls  of  a  building  where  they  first  commence  above  the 
foundation,  though  more  properly  it  is  the  piece  of  ground  selected  to  receive  the 
building.  For  dwellings,  its  chief  requisites  are  a  healthy  situation,  a  convenient  supply 
of  water,  good  drainage,  a  pleasant  aspect,  &c  If  far  trade  or  manufecture,  it  should  be 
conveniently  placed  fi^  receiving  the  raw  material,  and  for  exporting  the  articles 
manu&ctured. 

Grounds.  In  joinery,  certun  pieces  of  wood  attached  to  a  wall,  to  which  the  finishings  aie 
fastened.  Their  surfeoe  is  flush  with  the  plastering.  Narrow  grounds  sre  those  whereto 
the  bases  and  surbases  of  rooms  are  festened.  Grounds  are  uwd  over  i^rtures,  as  well 
for  securing  the  arehitravet  as  for  strengthening  the  plaster.  That  the  plaster  may  be 
kept  firm,  should  the  wood  shrink,  a  groove  is  sometimes  run  on  the  edge  of  the  ground 
next  to  the  plaster,  or  the  edge  of  the  ground  is  rebated  on  the  side  next  to  the  wall,  so 
that  in  the  act  of  plastering  the  stuff  is  received  into  the  groove  or  rebate,  which  prerents 
it  from  shifting  when  it  becomes  dry. 

Groupsd  Columns  or  Pilastkrs.  A  term  used  to  denote  three,  four,  or  more  columns 
placed  upon  the  same  pedestals.  When  two  only  are  plaoed  together  they  are  said  to  be 
coupled. 
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Grout.  (Sax.  JJnoK.)  A  thin  aemi-liquxd  moctar,  eompofled  of  quUldime  and  fine  aand, 
prepared  and  poured  into  the  joints  of  masonry  and  briekwork,  which  process  is  called 

Growimo  Shore.     See  Dbad  Shorz. 

GuDOzoxr.  The  axle  of  a  wheel,  on  which  it  turns  and  is  supported.  To  diminiwh  friction 
gudgeons  are  made  as  small  as  posdble  in  diameter,  consistent  with  their  weight.  They 
are  often  made  of  cast  iron,  on  account  of  its  cheapness,  but  wrought  iron  of  the  same 
dimensions  is  stronger,  and  will  support  a  greater  load. 

GuauLX.     A  term  synonymous  with  Cymatiuh. 

GuiLLOcBX.  (Fr.)  An  ornament  in  the  form  of  two  or  more  bands  or  strings  twisting 
over  each  other,  so  as  to  repeat  the  same  figure,  in  a  continued  series,  by  the  spiral  returning 
of  the  bands.     The  term  is  applied  but  improperly  to  Fasts,  whidi  see. 

GirvA.     Synonymous  with  Cticatium,  which  see. 

GuuxLUo.     See  AacHmcTs,  list  of,  99. 

GuNDULFH.     See  AacHRBcrs,  list  ol^  87. 

Gcktbr*s  Chain.  One  used  fi>r  measuring  land,  and  taking  its  name  from  its  reputed 
inventor.  It  is  66  feet,  or  4  poles,  long,  and  divided  into  100  links,  each  whereof  is 
joined  to  the  adjacent  one  by  tluree  rings ;  the  length  of  each  link,  including  the  adjacent 
rings,  is  therefi>re  7  '92  inches.  The  advantage  of  the  measure  is  in  the  £scility  it  affords 
to  numerical  calculation.  Thus  the  English  acre,  containing  4840  yards,  and  Gunter's 
chain  being  S8  yards  long,  it  follows  that  a  square  chain  is  exactly  the  tenth  part  of  an 
acre,  consequently  the  contents  of  a  field  being  cast  up  in  square  links,  it  is  only  necessary 
to  divide  by  100,000^  or  to  cut  off  the  last  five  figures,  to  obtain  the  contents  expressed 
in  acres. 

GuTTJB.     See  Daors. 

GuTTSBs  and  Guttxxiiio.  Canals  to  the  roofr  of  houses  to  receive  and  carry  off  rain-' 
water.  They  are  made  either  of  lead  or  of  tiles,  which  are  either  plain  or  concave ;  these 
Isst  are  called  gutter  tiles,  and  so  adapted  to  each  other  as  to  be  laid  with  great 
ease.  The  Romans  had  gutters  of  terra  cotta  along  the  roofr  of  their  houses,  and 
the  rain-water  from  them  ran  out  through  the  heads  of  animals  and  other  devices 
placed  in  the  angles  and  in  convenient  parts.  Leaden  gutters  were  known  in  the  middle 
ages. 

GvMMASioM.  (Gr.  rv/tfwriov,  from  Tvfiyos,  naked.)  Originally  a  space  measured  out  and 
covered  with  sand  for  the  exercise  of  athletic  games.  The  gymnasia  in  the  end  became 
spacious  buildings,  or  institutions,  for  the  mental  as  well  as  corporeal  instruction  of 
youth.  They  were  first  erected  at  Lacedsemon,  whence  they  spread,  through  the  rert  of 
Greece,  into  Italy.  They  did  not  consist  of  single  edifices,  but  comprised  several  buildings 
and  porticoes  for  study  and  discourse,  for  baths,  anointing  rooms,  palaestras,  in  which  the 
exercises  took  place.  Mid  for  other  purposes. 

GTK.SCXIIK.  (Gr.  TwoKtioy.)  In  ancient  architecture,  that  portion  of  the  Grecian  house 
set  apart  for  the  occupation  of  the  fomale  part  of  the  family. 

GrrsuM.  (Probably  from  !>,  earth,  and  Eif>»,  I  concoct.)  Crystals  of  native  sulphate  of 
lime.  Being  subjected  to  a  moderate  beat,  to  expel  the  water  of  crystallisation,  it 
forms  plaster  of  Paris,  and,  coming  in  contact  with  water,  immediately  assumes  a  solid 
fona     Of  the  numerous  species,  alabaster  is,  perhaps,  the  moat  abundUuit. 

H. 

Hacks.  In  brickmaking  (see  p.  503.)  the  rows  in  which  bricks  are  laid  to  dry  after 
being  mouldUd. 

Hacking.  In  walling,  denotes  the  interruption  of  a  course  of  stones,  by  the  introduction  of 
another  on  a  different  level,  for  want  of  stones  to  complete  the  thickness.  Thus  nnalriy^g 
two  courses  at  the  end  of  a  wall  of  the  same  height  as  one  at  the  other.  The  last  stone 
laid  is  often  notched  to  receive  the  first  stone  of  the  other  where  the  two  heights  com- 
mence. Hacking  is  never  permitted  in  good  work.  The  term  is  used  more  m  Scotland 
than  in  England. 

Halt  Pace.     See  Foot  Pack. 

Half  Round.     A  semicircular  moulding,  which  may  be  a  bead  or  torus. 

Hall.  (Sax.  Hal.)  A  name  applied  indifferently  to  the  first  large  apartment  on  entering 
a  house,  to  the  public  room  of  a  corporate  body,  a  court  of  justice,  or  to  a  manor  house. 
Vitruvius  mentions  three  sorts  of  halk:  the  Tetrastyle,  which  has  four  columns  sup- 
porting the  ceiling;  the  Corinthian,  which  has  engsged  columns  all  round,  and  is 
vaulted;  and  the  Egyptian,  which  has  a  peristyle  of  insulated  Corinthian  columns, 
bearing  a  second  order  with  a  ceiling.  These  were  called  ceei.  In  magnificent  edifices, 
where  the  hall  is  larger  and  loftier  than  ordinary,  and  is  placed  in  the  middle  of  the 
house,  it  is  called  a  saloon ;  and  a  royal  apartment  coimsts  of  a  hall  or  chamber  of 
guards,  a  chamber,  an  anti-chamber,  a  cabinet  chamber,  and  a  gallery. 

S  R  4 
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Halving.  A  method  of  Joiniiig  timbers  by  iettiiig  tbem  into  eaeh  other.  It  b  preferable 
to  mortising,  even  where  the  timben  do  not  past  each  other,  as  they  are  leas  liable  to  be 
diaplaoed  by  shrinking. 

Ham.  (Sai.)  Properly  a  house  or  dwelling  place ;  also  a  street  or  ▼illage,  whence  it  has 
become  the  final  syllable  to  many  of  our  towns,  as  Nottingham,  Buckingham,  &c ;  hence, 
too,  hamUt^  the  diminutiTe  of  ham,  is  a  small  street  or  village. 

Hahmss  Beam.  A  beam  acting  as  a  tie  at  the  ieet  of  a  pair  of  principal  rafters,  but  not 
extending  so  as  to  connect  the  opposite  sides.  Hammer  beams  are  used  chi^y  in  nxife 
constructed  after  the  Gothic  style,  the  end  which  hangs  over,  being  frequently  suppotted 
by  a  concave  rib  springing  from  the  wall,  as  a  tangent  from  a  curve,  and  in  its  turn 
supporting  another  rib,  forming  an  arch.  The  ends  of  hammer  beams  are  often  decorated 
with  beacU  and  other  devices. 

Hamd-rail  or  a  Stair.  A  rail  raised  upon  slender  posts,  called  balusters,  to  prevent 
persons  fidling  down  the  well  hole,  as  also  to  assist  than  in  ascending  and  descending. 

HANDsriKS.  A  lever  for  raising  a  weight,  usually  of  wood,  and  applied  to  the  holes  in  a 
capstan  head. 

Hawo  ovse.  (Verb.)  A  term  used  to  denote  the  condition  of  a  wall  when  the  top 
projects  beyond  the  bottom. 

HAMaiNOi.  Linings  for  rooms  of  arras,  tapestry,  paper,  or  the  like.  Pkper  hangings 
were  introduced  early  in  the  seventeenth  century. 

HAvaiiTG  SnLB  or  a  Door.     That  to  which  the  hinges  are  attached. 

HAaLBwxw.     See  Architxcts,  list  o^  85. 

Harmonical  PaoroarioK.  That  which,  in  a  series  of  quantities,  any  three  adjoining  terms 
being  taken,  the  difference  between  the  first  and  second  is  to  the  difference  between  the 
second  and  third,  as  the  first  is  to  the  third. 

Harmus.  (Gr.  'Apftos,)  In  ancient  architecture,  a  tile  used  for  covering  the  joint  between 
two  common  tiles. 

Hash  ass  Room.  A  room  wherein  harness  is  deposited.  It  is  absolutely  requisite  that  it 
be  dry  and  kept  clean.     Its  situation  should  be  near  the  stable  it  is  destined  to  serve. 

Hassack.     The  provincial  name  for  Kentish  rag  stone. 

Hatchrt.    (Fr.  Hschette.)    A  small  axe  used  by  joiners  for  reducing  the  edges  of  boards. 

Hadmcbxs  or  am  Arch.     The  parts  between  the  crown  and  the  springing. 

Hawk.  A  small  quadrangular  tool  with  a  handle,  used  by  a  plasterer,  on  which  the  stuff 
required  by  him  is  served,  for  his  proceeding  with  the  work  in  progress.  He  has  always 
a  boy  attendant  on  him,  by  whom  he  is  supplied  with  the  nuterial.  The  boy  in  ques- 
tion is  called  a  HawMxnf, 

Hawksuoor.     See  AacuiTBcn,  list  of,  373. 

Hkao.     See  ArsRTURR. 

Hkad  jKRKiir.     See  Jkrkik. 

Hradsrs.  In  masonry,  stones  extending  over  the  thickness  of  a  wall ;  and  in  brick- 
laying, the  bricks  which  are  laid  lengthwise  across  the  thickness  of  the  wall  are  called 

HxADiNG  CouasR.  In  brickwork  and  masonry,  that  in  which  the  length  of  the  stone  or 
brick  is  across  the  thickness  of  the  wall. 

HxADiKG  JoiKT.  lu  joiucry,  the  joint  of  two  or  more  boards  at  right  angles  to  the  fibres, 
or  in  handrailing  at  right  angles  to  the  back ;  this  is  so  disposed  with  a  view  of  con- 
tinuing the  length  of  the  board  when  too  short.  In  good  work  the  heading  joints  are 
ploughed  and  tongued,  and  in  dadoes  are,  moreover,  connected  with  glue 

HxAnwAT  or  Stairs.  The  clear  distance,  measured  perpendicularly,  from  a  given  landing- 
place  or  stair  to  the  ceiling  above,  allowing  for  the  thickness  of  the  steps. 

Hradwork.  a  name  by  which  the  heads  and  other  ornaments  on  the  keystones  of  arches 
is  frequently  designated. 

HxART  Bond.  In  masonry,  that  in  which  two  stones  of  a  wall  forming  its  breadth,  have 
one  stone  of  the  same  breadth  placed  over  thenu     See  Bond. 

HsAaTH.     See  Chimmxt. 

HxATUxa  Roor.     A  covering  used  in  Scotland,  by  some  considered  superior  to  straw. 

Hrbrbw  Architxctvrx.     S^  Book  I.   Chap.  II.   Sect  6. 

HxcATOMrxooM.  (Gr.)  A  temple  of  a  hundred  fieet  in  length.  As  applied  to  the 
Parthenon,  for  discovering  the  true  length  of  the  Greek  foot.  Stuart  took  considerable 
pains  in  the  measurement  of  that  temple.  The  results,  as  published'by  Revely,  are  as 
follow :  — 

Bag.  inches. 
Length  of  the  upper  step,  in  front  of  the  temple,  gives  for  one  foot  -         1 2*1 39 

From  outside  to  outside  of  the  angular  columns      ...  12^)95 

From  centre  to  centre  of  the  front  columns  ...  1 20982 

Loigth  of  the  architrave  -  -         '    -  .  .  120625 

Hrxk.     The  same  as  Rack. 
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HxBL.     A  tenn  used  by  workmen  to  denote  a  cyina  reeerM. 

HuL  OP  A  Raftxb.     The  end  or  foot  that  rests  on  the  wall  plate. 

HuGUT.     The  perpendicular  distanoe  of  the  most  remote  part  of  a  body  from  the  plane 

on  which  it  rests. 
HuGHT  OF  AM  A&CH.     A  Uue  drawn  firom  the  middle  of  the  chord  or  span  to  the 

intrados. 
HsLicAL  Limb  op  a  Handkail.     The  spiral  line  twisting  round  the  cylinder,  repre- 
senting the  form  of  the  handrail  before  it  is  moulded. 
HsLiocAmwus.  (Gr.  *HAiof,  the  sun,  and  KivAiyot,  a  furnace.)     A  chamber  in  the  Roman 

houses  which  depended  on  the  rays  of  the  sun  for  wanning  it. 
Hkuz.  (Gr.  *HXi£,  a  kind  of  ivy  whose  stalk  curls.)     A  small  volute  or  twist  under  the 

abacus  of  the  Oorinthian  capital,  in  which  there  ar^  in  every  perfect  capital,  sixteen, 

called  also  wriBtB ;  vis.  two  at  each  angle,  and  two  meeting  under  the  middle  of  the 

abacus,  branching  out  of  the  oaulieoli  or  stalks,  which  rise  firom  between  the  leaves. 
Helpstomk.     See  AacHiTBCTS,  list  of,  1 35. 
Hkm.     The  spiral  projecting  part  of  the  Ionic  capital. 
Hkmictclx.     a  semicircle ;  the  term  is  used  architecturally  to  denote  vaults  of  the  cradle 

form,  and  arches  or  sweeps  of  vaults,  constituting  a  semicircle. 
HnasPHaaK.  In  geometry,  tbe  half  of  a  globe  or  sphere,  when  divided  by  a  plane  passing 

through  its  centre. 
Hkmitriglyph.     a  half  triglyph. 
HsNRT  OP  Blois.     See  Architbcts,  list  o£,  93. 
HaNHT  Latomus.     See  Architscts,  list  of,  134. 
HsPTAGoir.  (Gr.)     A  geometrical  figure  of  seven  sides  and  angles. 
HzaMrrAGK.     A  small  hut  or  dwelling  in  an  unfrequented  place,  occupied  by  a  hermit. 
HaaMODOaus.     See  Abchitscts,  list  of,  SO. 
HKaMoosNas.     See  AacHrrscrs,  list  of,  2. 
HxaasRA.     See  AacHirscrs,  list  of,  336. 
HaaaiNO  Boms  Woas.     A   disposition   of  bricks  or  stones   laid   diagonally 

(see  diagram  in  the  ma^n),  each  length  receiving  the  end  of  tbe  adjoining 

brick  or  stone.     See  Ashlar. 
Hewn  Stome.     That  which  is  reduced  to  a  given  form  by  the  use  of  the  mallet  and 

chisel. 
Hexaedeom  or  Cube.     (Gr.  *E{,  six,  and  'ES/m,  seat.)     One  of  the  five  regular  solids,  so 

called  from  its  having  six  faces  or  seats. 
Hexagon.  ('E{  and  Twina,  angle.^     In  geometry,  a  plain  figure  bounded  by  six  straight' 

lines,  which,  when  equal,  constitute  tbe  figure  a  regular  hexagon. 
Hexasitle.  (Gr.  '£(  and  BrvXos,  column. )  That  species  of  temple  or  building  having  six 

columns  in  front     See  Colommadb. 
HicK-JoiMT  PoiNTiMO.     That  spccies  of  pointing  in  which,  after  the  joints  are  raked  out, 

a  portion  of  superior  mortar  is  inserted  between  the  courses,  and  niade  perfectly  smooth 

with  the  surfiMC.     See  PonrriMG. 
HiBRooLYPHics.  ('Icpos,  sscrcd,  and  rxu^,  I  engrave.)     Sculpture  or  picture  writing, 

which  has  obtained  the  name  firom  being  most  commonly  found  on  sacred  buildings. 

They  consist  in  the  expression  of  a  series  of  ideas  by  representations  of  visible  objects. 

The  name  is,  however,  more  particularly  applied  to  a  species  of  writing  used  by  the 

ancient  Egyptians,  which,  according  to  Champollion,  was  of  three  different  varieties  of 

characters :  —  1.  The  hieroglyphic,  properly  so  called,  wherein  the  representation  of  the 

object  conveys  the  idea  of  the  object  itself     2.  That  in  which  the  characters  represent 

ideas  by  images  of  visible  objects  used  as  symbols.     3.   Hiat  consisting  of  phonetic 

character*,  in  which  the  sign  does  not  represent  an  object  but  a  sound. 
Hindoo  ARCHrrxcruRB.     See  Imdiam  Architbcturb,  Book  I.  Chap.  II.  Sect  6. 
Hinges   (from    Hang).     The  metal  joints  upon   which  any  body  turns,  such  as  doors, 

shutters,  &c.     There  are  many  species  of  hinges,  which  are  described  in  Book  II. 

Chap.  III.  Sect  5. 
Hip.     a  piece  of  timber  placed  between  every  two  adjacent  inclined  sides  of  a  hip  roof, 

for  the  purpose  of  receiring  what  are  called  tiie  jack  rafters. 
Hip  Mould.     A  term  used  by  some  workmen  to  denote  the  back  of  the  hip ;  by  others 

it  is  used  to  rignify  the  form  or  pattern  by  which  the  hip  is  set  out 
Hip  or  Hipped  Roop.     A  roof  whose  return  at  the  end  of  a  building  rises  immediately 

firom  the  wall  plate  with  the  same  inclination  as  the  adjacent  rides.     The  back  of  a  hip 

is  the  an^e  made  on  its  upper  edge,  to  ruige  with  the  two  sides  or  planes  of  the  roo^ 

between  which  It  is  placed.     The  jack  rafteru  are  those  short  rafters  which  are  shorter 

than  the  full-sized  ones  to  fill  in  against  the  hips. 
Hip  or  Corner  Tiles  are  those  us^  at  the  hips  of  rooft ;  they  are  ten  inches  long,  and  of 

appropriate  breadth  and  thickness,  and  bent  on  a  mould  before  burning. 
Hirronaoifx.  (Gr.  'Iinrof,  a  horse,  and  Apofios,  a  course.)    In  ancient  architecture,  a  place 
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appropriated  by  the  Greeks  to  equestrian  ez«roiMs»  and  one  in  wfaioh  the  piiaes 
oonteoded  for.    The  most  celebrated  of  these  was  at  Oljmpia.    It  was  four  leasee  lon^ 
and  ooe  in  breadth. 

HoAan.  (Sai.  Hopb,  to  keep.)     A  timber  enclosure  round  a  building,  in  the  course  of 
erection  or  under  repair. 

Hon.     An  utensil  employed  by  labourers  for  carrying  mortar  or  bricks. 

HoLor  AST.     A  long  nail,  with  a  flat  short  head  for  securing  objects  to  a  walL 

HoLuiMo.     See  AacHRScrs,  list  ct,  907. 

Hollow.  A  concave  moulding,  whose  section  is  about  the  quadrant  of  a  eirde ;  called, 
sometimes,  by  the  workmen  a  oaaemenL 

Hollow  Ncwxl.  An  opening  in  the  middle  of  a  staircase.  The  term  is  used  in  contn- 
distinction  to  solid  newel,  into  which  the  ends  of  the  steps  are  built  In  the  hollow 
newel,  or  well  hole,  the  steps  are  only  supported  at  one  end  by  the  surrounding  wall  of 
the  staircase,  the  ends  next  the  hollow  being  unsupported. 

Hollow  Qooim s.     Piers  of  brick  or  stone  made  behind  the  lock  gates  of  canals. 

Hollow  Wall.  One  built  in  two  thicknesses,  leaving  a  cavity  between  them  for  the  piir> 
pose  of  saving  materials,  or  for  preserving  an  uniform  temperature  in  an  apartment. 

HoxasTALL.     A  mansion  house,  or  seat  in  the  country. 

HoMOLoaouB.  In  geometry,  the  correspondent  sides  of  similar  figures.  The  areas  and 
solid  contents  of  such  figures  are  likewise  homologous. 

HoMTAWoif,  Giov.  Gil.  ds.     See  AacBrrBcrs,  list  o$  205. 

HoNTAwoN,  Rooaaioo,  Gil  ds.     See  AacuiTKcrs,  list  of,  SOS. 

Hoo.     See  Architbcts,  list  o^  114. 

HooK.  (Sax.  Hooe.)  A  bent  piece  of  iron,  used  to  fosten  bodies  together,  or  whereon  to 
hang  any  article.     They  are  of  various  kinds. 

HooKK.     See  AacBRXcrs,  list  of,  Si65, 

HooKPiNs.     The  same  as  Draw  Borbpins,  which  see. 

HoRisoNTAL  CoRKics.  Thc  Icvcl  part  of  the  cornice  of  a  pediment  under  the  two  inclined 
cornices. 

HoRMOMTAL  Liwx.     Itt  pcrspcotive,  the  vanishing  line  of  planes  parallel  to  the  horiaon. 

HoRisoxTAL  Planx.  A  pl«ie  passing  through  the  eye  parallel  to  the  horiami,  and  pro- 
ducing the  vanishing^  line  of  all  level  planes. 

HoRisoMTAL  Projxctiox.  llic  projection  made  on  a  plane  parallel  to  the  horiaon.  Tliis 
may  be  understood  perspectively,  or  orthographically,  according  as  the  projecting  rays 
are  directed  to  a  given  point,  or  perpoidicular  to  a  given  point. 

HoRH.     A  name  sometimes  given  to  the  Ionic  volute. 

HoRRxuH.     See  Gramart. 

HoRsx  Block.  A  square  firame  of  strong  boards,  used  by  excavators  to  elevate  the  ends  of 
their  wheeling  planks. 

HoRsx  Run.  A  contrivance  for  drawing  up  loaded  wheelbarrows  of  soil  finom  the  deep 
cuttings  of  foundations,  canals,  docks,  &c.,  by  the  help  of  a  hors^  which  goes  backwards 
and  forwards  instead  of  round,  as  in  a  Acrse-jria. 

HoasxsROK  Arch.     See  p.  53, 

HoRwoon.     See  AacHnxcrs,  list  of^  158. 

Hospital.     See  Book  III.  Chap.  III.  Sect  17. 

HosTXL  or  Hotxl.  (Fr.)  Among  us  this  word  is  used  to  denote  a  large  inn,  or  place  of 
public  entertainment ;  but  on  the  Continent  it  b  also  used  to  signify  a  large  bouse  or 
palace. 

Hot  Housk.  A  general  term  for  the  glass  buildings  used  in  gardening,  and  indudiiig 
stoves,  greenhouses,  orangeries,  and  conservatories.  Pits  and  frames  are  mere  garden 
structures,  with  glass  rooft,  the  sides  and  ends  being  of  brick,  stone,  or  wood,  but  so 
low  as  to  prevent  entrance  into  them;  they  cannot  therefore  be  conridered  as  hot- 
houses. 

HousR.  (Germ.  Hause. )  A  human  habitation  or  place  of  abode  of  a  fiunily.  Among  the 
nations  of  the  east  and  of  the  south,  houses  are  flat  on  the  top,  to  which  ascent  is  general 
on  the  outside.  As  we  proceed  northward,  a  declivity  of  the  roof  becomes  requisite  to 
throw  off  the  rain  and  snow,  which  are  of  sreater  continuance  in  higher  latitudtt. 
Amongst  the  ancient  Greeks,  Romans,  and  Jews,  the  houses  usually  encloaed  a 
quadrangular  area  or  court,  open  to  the  sky.  This  part  of  the  house  was  by  the  Romans 
^dled  the  tn^plavtasi  or  camscfiam,  and  was  provided  with  channels  to  carry  off  the  waters 
into  the  sewers.  Both  the  Roman  and  Greek  house  is  described  by  Vitruvius,  to  whose 
work  we  must  refer  the  reader  for  further  information  mi  these  heads.  The  word  house  is 
used  in  various  ways ;  as  in  the  phrase,  **  a  religious  house,"  either  the  buildings  of  a 
monastery,  or  the  community  of  persons  inhabiting  them  may  be  designated.  In  the 
middle  ages,  when  a  fomily  retired  to  the  lodge  connected  with  the  mansion,  or  to  their 
country  seat,  it  was  called  **  keeping  their  secret  house.**  Every  gradation  of  building 
for  habitation,  from  the  cottage  to  the  palace,  is  embraced  by  tbe  word  house,  so  that  to 
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Save  a  full  Moount  of  ibe  requisites  of  each  would  occupy  more  space  than  could  be 
evoted  to  the  subject  in  this  place ;  the  reader  must  therefore  refer  to  Book  III.  Chap. 
III.  Sects.  SO  to  24.  inclusive. 

Housing.  The  space  taken  out  of  one  solid  for  the  insertion  of  the  extremity  of  another, 
for  the  purpose  of  connecting  them.  Thus  \he  string  board  of  a  stair  is  most  frequently 
notched  out  for  the  reception  of  the  steps. 

HovKL.  An  open  shed  for  sheltering  cattle,  for  protecting  produce  or  materials  of  different 
kinds  from  the  weather,  or  for  performing  various  country  operations  during  heavy 
rains,  felU  of  snow,  or  severe  fixMts. 

HovzLUMo.  A  mode  of  preventing  chimneys  from  smoking,  by  carrying  up  two  rides 
higher  than  those  less  liable  to  receive  strong  currents  of  air ;  or  apertures  are  left  on 
all  the  sides,  so  that  when  the  wind  blows  over  the  top,  the  smoke  may  escape  below. 

Hub.  In  painting,  any  degree  of  strength  or  vividness  of  colour,  from  its  greatest  or 
deepest  to  its  we^est  tint. 

HuiTDRXD  or  LiMX.  A  denomination  of  measure  which,  in  some  places,  is  equal  to  thirty- 
five,  in  others  to  twenty-five,  heaped  bushels  or  bags,  the  latter  being  the  quantity 
about  London,  that  is,  one  hundred  pecks.  The  hundnd  is  also  used  for  numbering, 
thus  deals  are  sold  by  the  long  Mmdnd,  or  rix  score.  Pales  and  laths  are  sold  at  five 
score  to  the  hundred  if  five  feet  long,  and  six  score  if  only  three  feet  long.  The 
hmtdnd  weight  is  112  lbs.  avoirdupois ;  the  lomg  hundred  wnght  is  120  lbs. ;  so  that  the 
former  is  to  the  latter  as  *93SS3  to  1 . 

Homo,  doublx  and  sinolx.  A  term  applied  to  sashes;  the  first  when  both  the  upper 
and  lower  sash  are  balanced  by  weights,  for  raising  and  depressing,  and  the  last  when 
only  one,  usually  the  lower  one,  is  balanced  over  the  pulleys. 

Hut.  a  small  cottage  or  hovel,  generally  constructed  of  earthy  materials,  as  strong  loamy 
clay,  &c 

Htdbauucs.  (Gr.  *TS»p  and  AvXot,  a  pipe.)  That  branch  of  natural  philosophy  which 
treats  of  the  motion  of  liquids,  the  laws  by  which  they  are  regulated,  and  the  effects 
which  they  produce.  By  some  authors  the  term  kydrodputmiea  is  used  to  express  the 
science  of  the  motion  of  fluids  generally,  whilst  the  term  hydraulics  is  more  particularly 
applied  to  the  art  of  conducting,  raising,  and  confining  water,  and  to  the  construction 
and  performance  of  waterworks. 

HroaosTATics.  (Or.  'T8o»p  and  'Xtom,  I  stand.)  Hie  science  which  explains  the  properties 
of  the  equilibrium  and  pressure  of  liquids.  It  is  the  application  c^  statics  to  the  pe- 
culiar constitution  of  water,  or  other  bodies,  existing  in  the  perfectly  liquid  form.  The 
following  is  the  fundamental  law  whereon  the  whole  doctrine  of  tiie  equilibrium  and 
pressure  of  liquids  is  founded :  when  a  liquid  mass  is  in  equilibrium  under  the  action 
of  forces  of  any  kind,  every  molecule  of  the  mass  sustains  an  equal  pressure  in  all 
directions. 

Htlxxe.     See  AacHnxcTs,  list  o^  177. 

HvPirrHaAL.  (Gr.  'Tro,  under,  and  Ai^p»  the  air.)  A  building  or  temple  without  a 
roof.  The  temples  of  this  class  are  arranged  by  Vitruvius  under  the  seventh  order, 
which  had  ten  columns  on  each  front,  and  surrounded  by  a  double  portico  as  in  dipteral 
temples.  The  cell  was  without  roof,  whence  the  name,  but  it  generally  had  round  it  a 
portico  of  two  ranges  of  columns,  one  above  the  other.      See  TsMrLS. 

HTraaaoLA.  (Gr.  *Trcp,  over,  and  BoXAw,  I  throw.)  One  of  the  conic  sections,  being 
that  made  by  a  plane  cutting  the  opposite  ride  of  the  cone  produced  above  the  vertex, 
or  by  a  plane  which  makes  a  greater  angle  with  the  base  than  the  opporite  side  of 
the  cone  makes. 

HTPxaBouc  Conoid  or  Hypsrboloid.  A  solid  formed  by  the  revolution  of  an 
hyperbola  about  its  axis.     See  Conoid. 

HTrxaaouc  CruNnaoin.  A  solid  formed  by  the  revolution  of  an  hyperbola  about  its 
coiuugate  axis  or  line  through  the  centre,  perpendicular  to  the  transverse  axis. 

HTrsRTHTauii.  (Gr.  'Tfrfp  and  Bvpo,  a  door.)  The  lintel  or  cross-piece  of  the  aperture 
of  a  doorway. 

HrrocAUSTUM.  (Gr.  Tno,  under,  and  Kow,  I  bum.^  In  ancient  architecture,  a  vaulted 
apartment,  from  which  the  heat  of  the  fire  was  distributed  to  the  rooms  above  by  means 
of  earthen  tubes.  This  contrivance,  first  used  in  baths,  was  afterwards  adopted  in  private 
houses,  and  is  supposed  to  have  diffused  an  agreeable  and  equal  temperature  through- 
out the  different  rooms. 

Httoojium.  (Gr.)  A  term  applied  among  the  ancients  to  those  parts  of  a  building 
which  were  below  the  level  of  the  ground. 

HvroroDiuM.     A  footstool  used  in  the  ancient  baths. 

HrroscKNioic  In  ancient  architecture,  the  front  wall  of  the  theatre,  fiusing  the  orchestra 
from  the  stage.  . 

HTroraACHXLiUH.  (Gr.  *T»o,  under,  and  T/wxi|^««.  the  neck.)  The  slenderest  part  of 
the  shaft  of  a  column,  being  that  immediately  below  the  neck  of  a  capital. 
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Ics  Ho0si.   A  subterranesn  depot  for  preaenring  ioe  during  the  winter.  The  most  important 
advice  that  can  be  given  to  the  builder  of  an  ice  bouse  in,  that  it  be  00  thoroughly  capable 
of  drainage,  from  the  lonreat  point  of  its  floor,  as  to  permit  no  water  ever  to  collect  upoo 
it ;  this  accomplished,  no  difficulty  will,  with  common  precaution,  prevent  the  preserva- 
tion of  the  ice.     The  aspect  of  such  a  building  should  be  towards  the  south-east,  that  the 
morning  sun  mav  expel  the  damp  air  which  is  more  pr^udicial  than   warmth.      If 
possible,  it  should  he  placed  on  a  declivity  for  the  fiMility  of  drainage.     At  the  end  of 
the  drain  which  is  to  carry  away  the  water  arising  from  the  melted  ice,  a  perfect  air  trap 
should  be  placed,  to  prevent  all  communication  between  the  external  and  internal  air, 
from  which  trap  the  water  should  be  carried  off  without  the  possibility  of  obstruetioo. 
With  respect  to  the  dimensions  and  form  of  the  ice  house,  the  former  must  depend  cm 
the  sise  of  the  establishment,  which,  if  very  large,  will  require  one  of  a  medium  diameter, 
from  fifteen  to  twenty  feet ;  if  moderate^  one  from  eight  to  fifteen  feet  will  be  large 
enough.     The  best  form  is  the  frustum  of  an  inverted  cone,  ten  to  twenty  feet  deep, 
bricked  round,  and  with  double  walls,  a  cavity  of  four  inchas  being  left  between  them. 
The  ice  is  sustained  on  a  grated  floor,  through  which  the  water  is  rapidly  carried  off 
by  the  drainage  first  mentioned.     The  ice  is  best  collected  during  the  severest  part  of 
the  frtMt,  and  should  be  pounded  as  laid  in  the  ice  house,  besides  being  well  rammed  down 
as  it  is  put  in.     Snow  however,  hard  rammed,  will  answer  when  ice  cannot  be  obtained. 

IcHNooaArmr.  (Gr.  Ix>^'>  ^  model,  and  Fpo^ttf,  I  draw.)  The  representation  of  the 
ground  plot  of  a  building.  In  perspective,  it  is  its  representation,  intersected  by  an 
horiiontal  plane  at  its  base  or  groundfloor. 

IcosABuaoN.  (Gr.  Euco<ri,  twenty,  and 'ESpo,  seat )  One  of  the  five  regular  or  platonie 
bodies,  bounded  by  twenty  equilateral  and  equal  triangles.  It  may  be  regarded  as  con- 
sisting of  twenty  equal  and  similar  triangular  pyramids,  whose  vertices  all  meet  in  the 
same  point ;  and  hence  the  content  of  one  of  tboe  pyramids,  multiplied  by  twenty,  gives 
the  whole  content  of  the  icosaedron. 

IcTiNus.   See  AacHmrrs,  list  of,  18. 

Imaok.  In  perspective,  the  scenographic  or  perspective  representation  of  an  object.  See 
PcaspBCTxvK  in  the  body  of  the  work.  Book  II.   Chap.  IV.  Sect  2. 

Imbow.  (Verb.)     To  arch  over  or  vault. 

iMrAOvs.  A  term  used  by  Vitruvius  (lib.  iv.  o.  6.),  which  has  usually  been  con«dered  as 
meaning  the  rails  of  a  door. 

Impseial.  (Fr.)  A  species  of  dome^  whose  profile  is  pointed  towards  the  top,  and  widens 
towards  the  base,  thus  forming  a  curve  of  contrary  flexure. 

iMrcTus.  (Lat)     In  mechanics,  the  same  with  momentum  or  force. 

Thpluvium.  (Lat. )  In  ancient  architecture,  the  outer  part  of  the  court  of  a  house  which 
was  exposed  to  the  weather.  In  the  summer  time,  it  was  the  practice  to  stretch  an 
awning  over  it. 

Impost.  (Lat  Impono,  I  lay  on.)  The  capital  of  a  pier  or  pilaster  whidi  receives  an  mnh. 
It  varies  in  the  different  orders ;  sometimes  the  whole  of  the  entablature  serves  as  the 
impost  to  an  arch.  The  term  is  applicable  to  any  supporting  piece.  An  impost  is  aid 
to  be  mutilated  when  its  projection  is  diminished,  so  that  it  does  not  exceed  that  of  the 
adyoining  pilaster  which  it  accompanies. 

Inbond  Jambstokx.     a  bondstone  laid  in  the  joint  of  an  aperture. 

Inckrtum.  (Lat)  A  term  used  by  Vitruvius  to  designate  a  mode  of  building  which  con- 
sisted of  small  rough  stones  and  mortar,  and  whose  face  exhibited  irregularly  formed 
masonry,  not  laid  in  horixontal  courses.     See  Masonky. 

Inch.     A  measure  of  length,  being  the  twelfUi  part  of  a  foot. 

Incunatiok.  ( Lat )  Hie  approach  of  one  line,  which  if  continued  will  meet  another  or 
the  same  of  two  planes. 

Ihcukxd  Plank.  One  of  the  five  simple  mechanical  powers,  whose  theory  is  dedurad  from 
the  decomposition  of  forces.     See  p.  S89. 

Incbustation.  (Lat)  Anything,  such  as  mosaic,  scagliola,  &c.,  iqiplied  by  some  connect- 
ing  medium  to  another  body. 

iNDKriNiTX.  (Lat)  Anything  which  has  only  one  extreme,  whence  it  may, be  produced 
infinitely  as  it  is  produced  from  such  extreme. 

Indbntkd.  (Lat )     Toothed  together,  that  is,  with  a  projection  fitted  to  a  recess. 

Indian  AacHirxcruRK.     See  Book  I.  Chap.  II.  Sect.  6. 

Indubatzon.  (I/Bt)  A  term  applied  to  the  firmer  consistence  which  a  body  acquires  from 
various  causes. 

Inkxtia.  {hat.  Iners.)  A  term  applied  to  that  law  of  the  material  world  which  is  known 
to  predicate  that  all  bodies  are  absolutely  passive  or  indifferent  to  a  state  of  rest  or  mo- 
tion, and  would  continue  in  those  states  unless  disturbed  by  the  action  of  some  extrinnc 
force.     Inertia  is  one  of  the  inherent  properties  of  matter. 
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iHPiyrrx.  (Lat.  Infinitus,  boundless.)  In  geometry,  that  which  u  greater  tlian  any  assign- 
able magnitude ;  and  as  no  such  quantities  exist  in  nature,  the  idea  of  an  infinite  quan- 
tity can  only,  and  that  most  imperfectly,  exist  in  the  mind  by  excluding  all  notions  of 
boundary  or  space, 

Ikfikmart.  a  public  building  ibr  the  reception  of  the  sick ;  but  the  term  is  more  gene- 
rally used  to  denote  a  sick-ward  or  building  attached  to  some  public  establishment 

IvLAYiKG.  The  art  of  laying  on  some  under  surface  a  totally  different  kind  of  work  to  that 
which  the  original  surfiice  would  present.  Thus  the  materials  are  of  no  consequence :  in 
stone  the  inlaying  may  be  of  mosaic  work  or  in  small  pieces,  as  in  wood  it  may  be 
in  patterns  made  out  by  different  sorts  of  woods,  which  is  called  marqueiryf  or  by  some, 
parquetry.     Veneering  is  also  a  species  of  inlaying. 

Inner  Plate.  The  waU  plate,  in  a  double-plated  rooi^  which  lies  nearest  the  centre  of  the 
roof;  the  side  of  the  other  wall  plate,  called  the  outer  plate f  being  nearer  the  outer  sur- 
fiice  of  the  walL 

Inner  Square.  The  edges  forming  the  internal  right  angle  of  the  instrument  called  a  square. 

iNSERTsn  Column.     One  that  is  engaged  in  a  walL 

Instruments,  mathematical.  Those  used  for  describing  mathematical  diagrams  and  draw- 
ings of  every  description,  when  the  figures  or  elementary  parts  of  them  are  composed  of 
straight  lines,  <arcles,  or  portions  of  them.  The  indispensable  instruments  for  such  opera- 
tions are,  a  drawing  pen,  a  pair  of  plain  compaeees,  commonly  called  dividere,  a  pair  of 
drawing  compasses,  a  port  crayon  and  pencil  foot,  a  pair  of  bow,  of  triangular,  and  of  propor- 
tional compasses,  a  protrador,  in  the  form  of  a  semicircle  or  rectangle,  graduated  on  the 
edges,  a  plain  scale,  and  a  parallel  rule. 

Insular  or  Insulated  Building.    Such  as  stands  entirely  detached  from  any  other. 

Insulated  Column.    One  detached  from  a  wall,  so  that  the  whole  of  its  surface  may  be  seen. 

Intaglio.  ( It. )  Sculpture  in  which  the  subject  is  hollowed  out,  so  that  the  impression 
from  it  would  present  the  appearance  of  a  bas-relief. 

Intatolata.    The  same  as  Cymatium,  which  see. 

Interceited  Axis.  In  conic  sections,  that  part  of  the  diameter  of  a  curve  comprehended 
between  the  vertex  and  the  ordinate.  It  is  also  called  the  abscissa,  and  forms  an  arch 
ot  a  peculiar  kind. 

Intercolumniation.  (Lat.  Inter,  between,  and  Columna,  a  column. )  The  distance  between 
two  columns  measured  at  the  lower  part  of  their  shafts.  It  is  one  of  the  most  important 
elements  in  architecture,  and  on  it  depends  the  effect  of  the  columns  themselves,  their 
pleasing  proportion,  and  the  harmony  of  an  edifice.  Intercolumniations  are  of  five  spe- 
cies, picnostglos,  sy stylos,  diastyhs,  araostylos,  and  eustylos,  under  which  several  terms  each  is 
defined.   The  subject  is  also  found  more  largely  treated  of  in  Book  III.  Chap  I.  Sect  9. 

•Interdentels.  The  space  between  two  dentels.  From  a  comparison  of  various  examples, 
it  seems  that  the  Greeks  placed  their  dentek  wider  apart  than  the  Romans.  In  the 
temple  of  Bacchus  at  Teos,  the  interdentel  is  two-thirds  the  breadth  of  the  dentel,  and 
in  that  of  Minerva  Polias  at  Priene,  the  interdentel  is  nearly  three-fourths.  In  the 
temple  of  Jupiter  Stator  at  Rome,  the  interdentels  are  equal  to  half  the  breadth  of  the 
dentel. 

Interior  Angle.  An  angle  finrmed  within  any  figure  by  two  straight  lined  parts  of  the 
perimeter  or  boundary  of  the  figure,  the  exterior  angle  beinff  that  which  is  formed  in 
producing  a  side  of  the  perimeter  of  the  figure.  Ilie  term  is  also  applied  to  the  two 
angles  formed  by  two  parallel  lines,  when  cut  on  each  nde  of  the  intersecting  line. 

Interior  and  orrosrrE  Angles.  An  expression  applied  to  the  two  angles  formed  by  a 
line  cutting  two  parallels. 

Interjoist.     The  space  or  interval  between  two  joists. 

Intermodillion.     Tlie  space  between  two  modillions. 

Internal  Angle.     See  Interior  Angle. 

Interpilaster.     The  space  between  two  pilasters. 

Tnterquartsr.     The  interval  between  two  quarters. 

Interties.  Short  pieces  of  timber  used  in  roofing  to  bind  upright  posts  together,  in  rooft, 
partitions,  in  lath  and  plaster  work,  and  in  walls  with  timber  framework. 

Intrados.  The  interior  and  lower  line  or  curve  of  an  arch.  The  exterior  or  upper  curve 
is  called  the  extrados.     See  Arch. 

Invention.  XIjsX.  Invenio,  I  find.)  In  the  fine  arts,  the  choice  and  production  of  such 
objects  as  are  proper  to  enter  into  the  composition  of  a  work  of  art  ••  Strictly  speak- 
ing," says  Sir  Joshua  Reynolds,  «« invention  is  little  more  than  a  new  combination  of 
those  images  which  have  been  previously  gathered  and  deposited  in  the  memory :  nothing 
can  come  of  nothing :  he  who  has  laid  up  no  materials  can  produce  no  combinations.'' 
Though  there  be  nothing  new  under  the  sun,  yet  novelty  in  art  will  be  attainable  till  all  the 
combinations  of  the  same  things  are  exhausted,  a  circumstance  that  can  never  come  to  pass. 

Inverted  Arch.     One  wherein  the  lowest  stone  or  brick  is  the  key-stone.    It  is  ua^  in 
foundations,  to  distribute  the  weight  of  particular  points  over  the  whole  extent  of  the 
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foundatioii,  and  benee  its  employment  u  frequently  oi  the  fint  impovtanoe  in 
•lebiteoture. 

Imtolitti.     See  En>Lim. 

Inwaed  a  noli.    The  re-entrent  angle  of  a  solid.    See  IimaifAL  Amoul 

Ionic  Oaum.     See  Book  III.  Chap:  I.  Seet  5. 

Ieon.     See  Book  II.  Chap.  II.  Sect.  5. 

laoMMONOKET.     See  Book  II.  Chap.  III.  Seet  la 

latiouLAE  Fioo&B.    One  whoee  aidet,  and  consequently  angles,  are  unequal  to  each  other. 

IsAOON.     (Or.  1^09,  equal,  and  r«ria,  an  angle.)    A  figure  vith  equal  anglea^ 

IsxMBB&T.     See  AacHiracTB,  list  of,  105. 

IsiDoaus.     See  Aechitkcts,  list  at,  6S. 

IsiDoaus  or  Btsantiom.     See  Aecbrbcts,  list  of^  64. 

IsoDOMUM.  (Gr.)  One  of  the  methods  of  building  walls  praotised  by  the  Greeksi  It 
was  executed  in  courses  of  equal  thickness,  and  wiUi  stones  of  equal  lengths.  The  other 
method,  called  panuHBodonnm,  in  which  the  heishts,  thiekneaBes,  and  lengths  of  the  stone 
were  different     There  was  another  mode  called  Emflbcton,  whidi  see. 

IsoscBLKS  TuAVOLB.     One  in  whlch  two  of  the  sidcs  are  ofcqual  length. 

Itaea.     See  Abchztbcts,  list  oi,  S80. 

J. 

Jack  Aacu.     One  whose  thickness  is  only  of  one  brick. 

Jack  Plank.  A  plane  about  eighteen  inches  long,  used  in  taking  off  the  rough  wat€aee 
left  by  the  saw  or  that  of  the  axe,  and  of  taking  off  large  protuberant  parts,  to  prcpsre 
the  stuff  for  the  trying  plane. 

Jack  RArrsa.     See  Hir  Roor. 

Jack  Ribs.  Those  in  a  grom,  or  m  a  polygonally-domed  ceiling,  that  are  fixed  upon  the  hips. 

Jack  Timbxe.     Any  one  interrupted  in  its  lenath,  or  cut  short 

Jamb  Linings.     Hie  two  vertical  linings  of  a  doorway  which  are  usually  of  wood. 

Jaicb  Posts.  Those  introduced  on  the  side  of  a  door,  to  whieh  the  jamb  linings  are  fixed. 
They  are  particularly  used  when  partitions  are  of  wood. 

Jamb  Sionbs.  In  stone  walls  are  thoee  which  are  employed  in  building  the  sides  of  apcsw 
tures,  in  which  every  alternate  stone  should  go  entirely  through  the  thieknees  of  die  wsU. 

Jambs.  (Fr.)  The  sides  of  an  aperture  which  connect  the  two  aides  of  a  vslL  Sec 
ArxETUEB  and  Chimnkt. 

Jamxs,  John,     See  AECHrrxnrs,  list  dt,  288. 

JxAN  n'EcHKLLXs,     Scc  Aechitbcts,  list  oi,  115. 

Jbekin  Hkao.  The  end  of  a  roof  not  hipped  down  to  the  level  of  the  opposite  ^^^iiMmng 
walls,  the  gable  being  carried  higher  than  the  level  of  those  walls. 

Jib  Dooe.  A  door  so  constructed  as  to  have  the  same  continuity  of  surfikce  with  that  of 
the  partition  or  wall  in  which  it  stands.  Its  use  is  to  preserve  an  unbroken  snr&ee  in 
an  apartment  where  one  door  only  is  wanted  nearer  to  one  end  of  a  room  than  another, 
and  generally  for  the  purpose  of  preserving  uniformity. 

JoooLx.  The  joint  of  two  bodies  so  constructed  as  to  prevent  them  sliding  past  eadi  other, 
by  the  application  of  a  force  in  a  directi<m  perpendicular  to  the  two  pressures  by  which 
they  are  held  together.  Thus  the  struts  of  a  roof  are  joggled  into  the  truss  posts  and  into 
the  rafters.  When  confined  by  mortise  and  tenon,  the  pressure  which  keeps  them  to- 
gether is  that  of  the  rafter  and  ttie  reaction  of  the  truss  post.  The  term  is  also  used  in 
masonry  to  signify  the  indentation  made  in  one  stone  to  receive  the  projection  in  snotber, 
so  as  to  prevent  idl  sliding  on  the  joints.  This  may  be  also  accomplished  by  mesns  of 
independent  pieces  of  material  let  into  the  adjacent  stones. 

JoooLK  PixcB.  The  truss  post  in  a  roof  when  formed  to  receive  a  brace  or  strut  with  a 
joggle. 

JoBANNKs  or  MiLXTUs.     See  Aechitbcts,  list  of,  65, 

John  of  Padua.     See  Aechitbcts,  list  o^  187, 

JoiNXE.  The  artisan  who  joins  wood  by  glue,  framing,  or  nsih,  fiv  the  finiahiiigs  of  a 
building. 

JoiNKET.  Hie  practice  of  framing  or  joining  wood  for  the  internal  and  external  finiriiiiigs 
of  houses ;  thua  the  covering  and  lining  of  rough  walls,  the  covering  of  rough  timbers, 
the  manufkcture  of  doors,  shutters,  sashes,  stairs,  and  the  like,  are  daned  under  the  head 
of  joinery.     See  Book  II.  Chap.  III.  Sect  6. 

Joint.  The  surfiice  of  separation  between  two  bodice  brought  into  contact  and  held  firmly 
together,  either  by  some  cementing  medium,  or  by  the  weight  of  one  body  lyii^  on 
another.  A  joint,  however,  is  not  merely  the  contact  of  two  suriaees,  though  the  nearer 
they  approach  the  more  perfect  the  joint  In  masonry,  the  distances  of  the  planes  in- 
tended  to  form  the  joint  is  comparatively  considerable,  because  of  the  ooarseneas  at  the 
pertidee  whieh  enter  into  the  composition  of  the  oement 
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JoxKTKR.  Itk  joinery  is  the  largest  plane  used  by  the  joiner  in  straightening  the  (ace  of  the 
edge  of  tlie  stuff  to  be  prepared.  In  Mekktying,  it  is  a  crooked  piece  of  iron  forming  two 
curves  of  contrary  flexure  by  its  edges  on  each  side,  and  is  used  for  drawing,  by  the  aid 
of  the  Jointing  nUe,  the  cournng  and  vertical  Joints  of  the  work. 

JoiNrnro  Rulx.  A  straight  edge  used  by  bricklayers  for  the  regulation  of  the  direction 
and  course  of  the  jointer  in  the  horisontal  and  vertical  Joints  of  brickwork. 

Joists.  (Fr.  Joindre.)  The  timbers  whereto  the  boards  of  a  floor  or  the  laths  for  a  ceiling 
are  nailed.  They  rest  on  the  walls  or  on  girders ;  sometimes  on  both.  When  only 
one  tier  of  joists  is  used,  the  assemblage  is  called  singh'flooring ;  when  two,  doubU- 
flooring, 

JoKxs,  Inioo.     See  AacHrracTS,  list  of,  252. 

Jurrxas.      An  obsolete  term  for  pieces  of  timber  four  or  five  inches  square. 

Jump.  An  abrupt  rise  in  a  level  course  of  brickwork  or  masonry  to  aocominodate  the 
work  to  the  inequality  of  the  ground.  Also  in  quarrying,  one  among  the  various  names 
given  to  the  dislocations  of  the  strata  in  quarries. 

JuMrxa.     A  long  iron  chisel  used  by  masons  and  miners. 

K. 

KxKP  or  KxKP  Towxa.     A  term  almost  synonymous  with  dcnjon.     See  Castlx. 

Kkmdall.     See  AacHirxcrs,  list  of,  166. 

KxMT.     See  Axchitxcts,  list  td,  282. 

Kxap.     The  way  made  by  a  saw  through  a  piece  of  timber,  by  displacing  the  wood  with 

the  teeth  of  the  saw. 
Kxr.     (Sax.  Csse.^     An  instrument  for  driving  back  the  bolt  of  a  lock.     The  key  of  a 

floor  is  the  board  last  laid  down.     In  joinery  generally  a  key  is  a  piece  of  wood  let  into 

the  back  of  another  in  the  contrary  direction  of  the  grain,  to  preserve  the  last  from  warping. 
Kxr  SroNx.     Hie  highest  central  stone  of  an  arch.     See  Axch. 
KxTxn  Dado.     That  which  has  bars  of  wood  grooved  into  it  acroes  the  grain  at  the  back 

to  prevent  its  warping. 
KxYEs.     See  Axcbitkcts,  list  of,  151. 
Kxvs.     In  naked  flooring  are  pieces  of  timber  fixed  in  between  the  joists  by  mortise  and 

tenon.    When  these  are  fostened  with  their  ends  projecting  against  the  sides  of  the  joints, 

they  are  called  atruUiny-pieees, 
KiLDxxKiK.     A  measure  containing  eighte^  gallons  of  beer,  and  sixteen  ale  measure. 
KiLM.     A  building  for  the  accumulation  and  retention  of  heat  in  order  to  dry  or  burn 

certain  materials  deposited  within  them. 
KiKO  Post.     The  centre  post  in  a  trussed  roof.     See  CaowN  Post. 
KiRB  Platx.     See  Curb  Platx. 
Kias  Roor.     See  Curb  Roof. 
Kitchxn.    (Fr.  Cuisine.)     The  apartment  or  office  of  a  house  wherein  the  operations  of 

cookery  are  carried  on. 
Kmxx.     a  part  of  the  back  of  a  handndling,  of  a  convex  form,  being  the  reverse  of  a  ramp, 

which  is  also  the  back  of  a  handrail,  but  is  concave.     Hie  term  knee  is  also  given  to 

any  small  piece  of  timber  of  a  bent  or  angular  form. 
Kmkc  Pibcx  or  Knkk  RAvrxa.     An  angular  piece  of  timber,  to  which  other  pieces  in  the 

roof  are  fostened. 
Knotting.     The  preliminary  process  in  painting,  to  prevent  the  knots  appearing,  by  cover- 
ing them  with  a  coat  composed  of  red  lead,  then  white  lead  and  oil,  and  lastly,  a  coat  of 

gold  size.     Sometimes  leaf  silver  is  also  used. 
Knucklx.     The  joint  of  a  cylindrical  form,  with  a  pin  as  an  axis,  by  which  the  straps  of  a 

hinge  are  fiistened  together. 


Labsl.  In  Gothic  architecture,  the  drip  or  hood  moulding  oyer  an  aperture  when  it  is 
returned  square. 

Labbltk.     See  AacHrrxcrs,  list  of,  285. 

Labour.  (Lat.)  A  term  in  masonry  employed  to  denote  the  value  of  a  piece  of  work  in 
consideration  of  the  time  bestowed  upon  it. 

Labyrinth.  (Gt,  AaivpiyBos,)  Literally  a  place,  usually  subterraneous,  full  of  inextri. 
cable  windings.  The  four  celebrated  labyrinths  of  antiquity  were  the  Cretan,  Egyptian, 
Lemnian,  and  Italian.  The  first  has  the  reputation  of  being  the  work  of  Daedalus  to 
secure  the  Minotaur;  the  second  is  sud  to  have  been  constructed  under  the  command  of 
Psammeticus,  king  of  Egypt ;  the  third  was  on  the  island  of  Lemnos,  and  was  sup- 
ported by  columns  of  great  beauty  ;  the  fourth  is  reported  to  have  been  designed  by 
Porsenna,  king  of  Etruria,  as  a  tomb  for  himself  and  his  successors. 

Labyrinth  Frbt.     A  fret,  with  many  turnings,  in  the  form  of  a  labyrinth.     See  Frxt. 
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Lackiu     See  Aacunscra,  list  oi,  48. 

Laconicum.  (Lat.)  One  of  the  apartmentt  in  the  ancient  hatha,  to  ealled  from  its  hftvin^ 
been  first  used  in  Laoonia. 

LACQUsa.  A  yellow  varnish,  consisting  of  a  solution  of  ahdl-lac  in  alec^iol,  ooloured  bj 
gamboge,  saffiron,  annotto,  or  other  yellow,  orange,  or  red  colouring  matters.  The  oae 
of  lacquer  is  chiefly  for  varnishing  brass,  and  some  other  metals,  in  order  to  give  them  a 
golden  colour  and  preserve  their  lustre. 

LACTAaiuM.  (Lat)  Strictly  a  dairy-house.  In  ancient  architecture,  it  was  a  place  in  the 
Roman  herb  market,  indicated  by  a  column,  called  the  Columna  Lactaria,  where  found- 
lings were  fed  and  nourished. 

LxcuMAa.  (Lat.)  The  ceiling  or  under  surfi^e  of  the  member  of  an  order.  Also  the 
under  side  of  the  larmier  or  corona  of  a  cornice.  The  under  side  also  of  that  part  of  the 
architrave  between  the  capitals  of  columns.  The  ceiling  of  any  part  in  architecture  re- 
ceives the  name  of  lacunar  only  when  it  consists  of  compartments  sunk  or  hollowed, 
without  spaces  or  bands,  between  the  panels ;  if  it  is  with  bands,  it  is  called  laqmear. 

Ladt  Chapxl.  The  name  given  to  a  small  chapel  dedicated  to  the  Virgin,  generally,  in 
ancient  cathedrals,  placed  behind  the  high  altar. 

Lancet  Aacii.  One  whose  head  is  shaped  like  the  point  of  a  lancet,  and  generally  applied 
to  long  narrow  windows. 

Landing.     The  terminating  floor  of  a  flight  of  stairs,  either  above  or  below  it. 

La N FRANC.     See  Arcbitxcts,  list  of,  81. 

Lanprani.     See  Architkcts,  list  o^  139. 

Langhans.     See  AacMrrscrs,  list  of,  310. 

Lantrrn.  (Fr.  Lanteme.)  A  drum-shaped  erection,  either  square,  circular,  elliptiea],  or 
polygonal,  on  the  top  of  a  dome,  or  on  that  of  an  apartment,  to  give  light. 

Lap.     The  part  of  one  body  which  lies  on  and  covers  another. 

Lapo.     See  AacHiTBcrs,  list  o(  120. 

Laqubar.     See  Lacunar. 

Lararium.  (Lat)  In  ancient  architecture,  the  apartment  in  which  the  lares  or  house- 
hold gods  were  deposited.  It  frequently  contained  also  statues  of  the  proprietora 
ancestors. 

Larder.     The  place  in  which  undressed  meat  is  kept  for  the  use  of  a  family. 

Larmikr.     (Fr.)     The  same  as  Corona,  which  see. 

Latch.     The  catch  by  which  a  door  is  held  fiiist. 

Latent  Heat.  That  which  is  insensible  to  the  thermometer,  upon  which  the  liquid  and 
aeriform  states  of  bodies  depend,  and  which  becomes  sensible  during  the  convernon  of 
vapours  into  liquids  and  of  liquids  into  solids. 

Lath.  (Sax.  Laeeta.)  A  thin  deft  piece  of  wood  used  in  slating,  tiling,  and  plastering. 
There  are  two  sorts,  double  and  single,  the  latter  being  about  tiiree-eighths  of  an  inch 
thick,  and  the  former  barely  a  quarter  of  an  inch.  I\uUUe  laths  are  long  square  pieces 
of  fir,  on  which  the  pantiles  hang. 

Lath  Bricks.  A  species  made  in  some  parts  of  England.  They  are  twenty-two  Inches 
long  and  six  inches  broad. 

Lath  pioatxd  and  sxt  fair.  Three-coat  plasterers*  work,  in  which  the  first  is  called 
priddng  up ;  the  second  floating ;  the  third,  or  finishing,  is  done  with  fine  stufl^ 

Lath  laid  and  set.  Two-coat  plasterers*  work,  except  that  the  first  is  called  layinff,  and 
is  executed  without  gcratching,  unless  with  a  broom.  Whoi  used  on  walls,  this  sort  of 
work  is  generally  coloured ;  when  on  ceilings,  whited. 

Lath  plasterxd,  set,  and  coloured.     The  same  as  lath  laid,  set,  and  coloured. 

Lath  pricked  up,  floated,  and  set  for  Paper.     The  same  as  lath  floated  ttmd  tetflnr. 

Lateral  Strength.     The  resistance  which  a  body  will  afford  at  right  angles  to  its  grain. 

Lattice.  (  Fr.  Lattis. )  A  reticulated  window,  made  of  laths  or  strips  of  iron,  separated 
by  glass  windows,  and  only  used  where  air,  rather  than  light,  is  to  be  admitted,  as  in 
cellars  and  dairies. 

Laundry.  An  apartment  occupied  by  the  laundress  of  an  establishinent.  It  should  be 
spacious  and  well  supplied  with  every  convenience  for  mangling,  drying,  and  ironing  the 
linen  of  a  &mily.  Horset,  or  slender  frames  of  wood,  should  be  provided  for  hanging 
the  linen  upon,  which  should  be  suspended  to  the  timbers  of  the  ceiling  by  pulleys,  by 
which  they  may  be  nused  and  lowered. 

Lavatory.    (Lat.)     See  Cloister. 

Later.     In  brickwork  and  masonry,  synonymous  with  Course,  which  see. 

Laying.  In  plastering,  the  first  coat  on  lath  of  two-coat  work,  the  surface  whereof  is 
roughed  by  sweeping  with  a  broom,  llie  difference  between  laying  and  rtmdtring  being, 
that  the  latter  is  the  first  coat  upon  brick. 

Lazarhou&k  or  Lasasetto.  (Ital.)  A  hospital  for  the  recepUon  of  the  poor  and  those 
afflicted  with  contagious  diseases.  There  are  many  in  the  southern  states  of  Europe  for 
the  performance  of  quarantine,  into  which  those  only  are  admitted  who  arrive  frwn 
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eountries  infeeted  by  the  plague,  or  suspected  of  being  sa     An  account  of  the  principal 
laiarettos  of  Europe  was  published  by  the  celebrated  Howard. 

Lead.  (Sax.  Lab. )  The  heaviest  metal  next  to  gold,  platina,  and  mercury,  being  eleven 
times  heavier  than  its  own  bulk  of  water.     See  Book  IL  Chap.  II.  Sect  6. 

LxAKTO.  A  building  whose  rafters  pitch  against  or  lean  on  to  another  building  or  against 
a  wall. 

Lkavbs.  (Sax.  L4ear.)  Ornaments  imitated  from  natural  leaves,  whereof  tlie  ancients  used 
two  sorts,  natural  and  imaginary.  The  former  were  those  of  the  laurel,  palm,  acanthus, 
and  olive ;  but  they  took  great  liberties  in  the  representations  of  all  of  them. 

LunoE.  A  surface  serving  to  support  a  body  either  in  motion  or  at  rest  Ledges  of  doors 
are  the  narrow  surfaces  wrought  upon  the  jambs  and  soiites  parallel  to  the  wall  to  stop 
the  door,  so  that  when  it  is  shut  the  ledges  coincide  with  the  surfiice  of  the  door.  A 
ledge,  therefore,  is  one  of  the  sides  of  a  rebtiU,  each  rebate  being  formed  of  two  sides. 
In  temporary  work  the  ledges  of  doors  are  formed  by  fillets. 

Lbdokmbkt.  The  development  of  a  surfiwe,  or  the  surfiwe  of  a  body  stretched  out  on  a 
plane^  so  that  the  dimensions  of  the  different  sides  nuiy  be  easily  ascertained. 

LzDGBas.  In  scaffolding  for  brick  buildings  are  horizontal  pieces  of  timber  parallel  to  the 
walls.  They  are  fiwtened  to  the  ttandarda,  or  upright  poles,  by  cords,  to  support  the 
put-hgi,  which  lie  at  right  angles  to  and  on  the  walls  as  they  are  brought  up,  and  receive 
the  boards  for  working  on. 

Laoouz.     See  AacHirccrs,  list  ot,  306. 

LzoBAvn.     See  Abchitbcts,  list  o^  309. 

Laos  OP  AN  HTpaaaoLA.     The  two  parts  on  each  side  the  vertex. 

Laos  OF  ▲  Tbiamolb.     The  ndes  which  inclose  the  base. 

Lbkgth.  (Sax.  Lens.)  Hie  greatest  extension  of  a  body.  In  a  right  prism  the  length  is 
the  distance  between  the  ends ;  in  a  right  pyramid  or  cone,  the  length  is  the  distance 
between  the  vertex  and  the  base. 

LBKOTHBifiKo  OP  TiMBBB  IS  the  mcthod  of  joining  several  beams,  so  as  to  form  a  long  beam 
of  any  |^ven  length. 

LxoML     See  Abchitbcts,  list  o^  SSO. 

Lbscot.     See  Abchitbcts,  list  of,  Sd7. 

Lbvbl.  (Sax.  Lo&rel.)  A  line  or  sur&ce  which  inclines  to  neither  side.  The  term  is  used 
substantively  to  denote  an  instrument  which  shows  the  direction  of  a  straight  line 
parallel  to  the  plane  of  the  horizon.  The  plane  of  the  sensible  horizon  is  indicated  in 
two  ways :  by  the  direction  of  the  plummet,  or  plumb  line,  to  which  it  is  perpendicular ; 
and  by  the  surfiwe  of  a  fluid  at  rest.  Accordingly,  levels  are  formed  either  by  means  of 
the  plumb  line,  or  by  the  agency  of  a  fluid  applied  in  some  particular  manner.  They  all 
depend,  however,  upon  the  same  principle,  namely,  the  action  of  terrestrial  gravity. 

The  carpenter's  level  consists  of  a  long  rule,  straight  on  its  lower  edge,  about  ten  or 
twelve  feet  in  length,  with  an  upright  fixed  to  its  upper  edge,  perpendicular  to  and  in 
the  middle  of  the  length,  having  its  sides  in  the  same  plane  with  those  of  the  rule,  and  a 
straight  line  drawn  on  one  of  its  sides  perpendicular  to  the  straight  edge  of  the  rule. 
This  standing  piece  is  generally  mortised  into  the  other,  and  finally  braced  on  each  side, 
to  secure  it  from  accident,  and  has  its  upper  end  kerfed  in  three  places,  viz.  through  the 
perpendicular  line,  and  on  each  side.  The  straight  edge  of  the  transverse  piece  has  a 
hole,  or  notch,  cut  out  on  the  other  side  equal  on  each  side  the  perpendicular  line.  A 
plummet  is  suspended  by  a  string  from  the  middle  kerf,  at  the  top  of  the  standing  piece, 
to  vibrate  freely  in  the  hole  or  notch  when  hanging  at  full  length.  When  the  straight 
edge  of  the  level  is  applied  to  two  distant  points,  with  its  two  sides  placed  vertically,  if 
the  plummet  hangs  freely,  and  the  string  coincides  with  the  straight  line  on  the  standing 
piece,  the  two  points  are  level.  If  not,  suppose  one  of  the  points  to  be  at  the  given 
height,  the  other  must  be  lowered  or  raised,  as  the  case  may  require,  tiU  the  string  is 
brought  to  a  coincidence  with  the  perpendicular  line.  By  two  points  b  meant  two 
surfiues  of  contact,  as  two  blocks  of  wood,  or  the  upper  edges  of  two  distant  beams. 

The  uses  of  the  level  in  carpentry  are  various,  and  need  not  be  here  detailed.  The 
ma$om*8  level  is  formed  of  three  pieces  of  wood,  joined  in  the  form  of  an  isosceles  triangle, 
having  a  plummet  suspended  finom  the  vertex  over  a  mark  in  the  centre  of  the  base. 

Lbvbllikg.  The  art  or  act  of  finding  a  line  parallel  to  the  horizon,  or  at  one  or  more 
stations,  in  order  to  determine  the  height  of  one  place  with  respect  to  another,  for  laying 
grounds  even,  regulating  descents,  draming  morasses,  conducting  waters  for  the  irrigation 
of  land,  &c. 

LzvBB.  In  mechanics  an  inflexible  rod,  moveable  about  a  fulcrum,  or  prop,  and  having 
forces  applied  to  two  or  more  points  in  it  The  lever  is  one  of  the  mechanical  powers, 
and  being  the  simplest  of  them  all,  was  the  first  attempted  to  be  explained.  For  its 
properties  see  Book  II.  Chap.  I.  Sect.  8. 

Lbvxa  Boabds.     a  set  of  boards  so  fiutened  that  they  may  be  turned  at  any  angle  to 
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admit  more  or  less  light,  or  to  lap  upon  each  other  so  as  to  exelude  all  air  or  light 
through  apertures. 

Lewis  or  Lswisson.  An  instrument  said  to  have  been  used  in  England  by  the  buildcn 
of  the  middle  ages  to  raise  stones  of  more  than  ordinary  weight  to  the  upper  p«rt  of  a 
building.  It  was  revived  by  a  French  artisan  in  the  reign  of  Lewis  XIV.,  and  is  now 
generally  employed.  It  operates  by  the  pieces  forming  its  dove-tail  end  b^ng  kept  in 
their  correspondent  places  in  the  stone  by  a  middle  straight  piece,  kept  in  its  situation 
by  a  pin  passing  throuf^  it  and  the  dovetail  pieces  at  top,  and  the  combination  of  the 
whole,  is  with  a  large  ring. 

Lias.  A  provincial  name  adopted  by  geologists  for  an  argillaceous  limestone,  whidi. 
together  with  its  associated  bed,  is  characterised  by  peculiar  fossils. 

Li  BOM.     See  Aechitscts,  list  of,  11. 

LiBEA  ay.  An  edifice  or  apartment  for  the  reception  of  a  collection  of  books.  For  remarks 
on  the  construction  of  public  libraries  see  Book  III.  Chap.  III.  Sect.  9. 

Lights.  A  term  sometimes  used  to  denote  the  openings  of  doors,  gates,  and  windows, 
and  other  places  through  which  air  and  light  have  passage. 

LiGU-rHousc  A  lofty  building,  on  the  top  whereof  artificial  lights  are  placed  to  guide 
ships  at  sea.     For  general  observations  on  lighthouses  see  Book  III.  Chap.  III.  Sect.  1 S. 

LiKB  Aecs.  In  the  projection  of  the  sphere,  the  parts  of  lesser  circles  containiiig  an  equal 
number  of  degrees  with  the  corresponding  arcs  of  greater  circles. 

LiKB  FiGuaas.  In  geometry,  such  as  have  their  angles  equal,  and  the  sides  about  the 
equal  angles  proportional. 

Like  Solids.     Those  which  are  contained  under  like  planes. 

Lime.  (Germ.  Leim,  glue.)  A  most  useful  earth,  obtained  by  exposing  chalk,  and  other 
kinds  of  limestones  or  carbonates  of  lime,  to  a  red  heat,  an  operation  generally  conducted 
in  kilns  constructed  for  the  purpose,  by  which  the  carbonic  and  is  expdl^  and  lime, 
more  or  less  pure,  according  to  the  original  quality  of  the  limestone  remains,  in  whidi 
stote  it  b  called  quiekUme,     See  Book  II.  Chap.  II.  Sect  10. 

LiMBKiLM.  One  for  the  purpose  of  burning  lime.  They  are  constructed  in  a  variety  of 
ways,  to  save  expense,  or  to  answer  to  the  particular  nature  of  the  fud. 

LiMESTOKB.  A  generic  term  for  those  varieties  of  carbonate  of  lime  whirti  are  neither 
crystallised  or  earthy,  the  former  being  calcareous  spar,  the  latter  chalk.  When  burned 
they  yield  quicklime. 

Line.  (Lat.  Linea.)  In  geometry,  a  magnitude  having  only  one  dimension,  and  defined 
by  Euclid  to  be  that  which  has  length  without  breadth.  The  term  is  also  used  to 
denote  a  measure  of  length  used  formerly  in  France,  namely,  the  twelfth  part  of  an  inch, 
or  f\f  of  a  foot 

Lime  op  DiaBcrioM.     In  mechanics,  the  line  in  which  motion  is  communicated. 

Limb,  GEOMBraicAL.     In  perspective,  any  straight  line  in  the  geometrical  or  primary  lineL 

Line,  horisomtal.  A  line  parallel  to  the  horixon.  In  perspective,  it  is  the  vanishing  line 
of  horisontal  planes. 

Lime  or  Station.  The  intersection  of  a  plane  passing  through  the  eye,  perpendicular  to 
the  picture,  and  to  the  geometrical  or  primary  plane  with  the  plane  itself. 

Link,  veetical.  The  intersection  of  a  vertical  plane  with  the  picture  passing  akmg  tiie 
station  line. 

Line,  visual.     A  ray  of  light  reflected  from  the  object  to  the  eye. 

Lines  or  Light  and  Shade.  Those  in  which  the  light  and  shade  of  a  body  are  sqiarated. 
Thus,  on  a  curved  suHace,  it  is  the  line  determined  by  a  tangent  to  the  surfooe  in  the 
direction  of  the  rays  of  light 

LiMBAB  pEESPEcnvE.     See  Book  II.  Chap.  IV.  Sect  S. 

Liming.  The  covering  of  the  surfiice  of  any  body  with  another  thin  substance.  Thus  the 
lining  of  a  wall  is  a  wooden  boarding,  whose  edges  are  either  rebated  or  grooved  and 
tongued.  Lining  is  distinguished  from  casing^  the  first  being  a  covering  in  the  inteiiar 
of  a  building,  whilst  the  latter  is  the  covering  of  the  exterior  part  of  a  building. 

Lining  out  Stuff.  (Participle.)  The  drawing  lines  on  a  piece  of  board  or  plank  so  as  to 
cut  it  into  thinner  pieces. 

Linings  of  Boxings  for  window  shutters,  are  the  pieces  oi  fiamework  into  which  the 
window  shutters  are  folded  back. 

Linings  or  a  Dooh.  Those  of  the  sides  of  apertures  of  doors  called  the  jambs  or  jamb- 
linings,  that  which  covers  the  top  or  head  being  the  sofite. 

Lintel.  (Span.)  A  horizontal  piece  of  timber  or  stone  over  a  door,  window,  or  other 
opening  to  discharge  the  superincumbent  weight  If  a  wall  be  very  thick,  more  than 
one  lintel  piece  will  be  required,  unless  scanting  of  sufificient  width  be  found.  In  some 
old  books  on  carpentry  lintels  are  classed  under  wall  plates,  but  the  word  is  now  nevei 
used  in  this  sense,  unless  the  joisting  or  tie-beams  rest  upon  it,  in  which  case  it  is  both  a 
lintel  and  a  wall  plate. 

List  or  Listel.     The  same  as  Fillet,  which  see. 
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Listed  Boaeds.     See  BoAiins. 

Listing.  (Participle.)     Cutting  the  sap  wood  out  from  both  edges  of  a  board. 

Loam.  A  soil  in  which  clay  prevails.  It  is  called  heavy  or  light  as  the  clay  may  be  more 
or  less  abundant. 

Lobby.  (Germ.  Laube.)  An  incl<»ed  space  surrounding  or  communicating  with  one  or 
more  apartments,  such  as  the  boxes  of  a  theatre,  for  instance.  By  it  also  is  understood  a 
small  hall  or  waiting  room,  or  the  entrance  into  a  principal  apartment  where  there  is  a 
considerable  space  between  it  and  a  portico  or  vestibule ;  but  the  dimenaons,  especially 
as  r^ards  the  width,  will  not  allow  of  its  being  called  a  vestibule  or  anti-room. 

Jjoct.  (Sax.  Loc.)  A  well-known  instrument,  consisting  of  springs  and  bolts,  for  ftstening 
doors,  drawers,  chests,  &c.  A  good  lock  is  a  masterpiece  in  smithery,  requiring  much 
art  and  delicacy  to  contrive  and  vary  the  wards,  springs,  bolts,  and  other  parts  whereof 
it  is  composed,  so  as  to  adjust  them  to  the  places  where  they  are  serviceable,  and  to  the 
various  purposes  of  their  use.  The  structure  of  locks  is  so  varied,  and  the  number  of 
inventions  of  their  different  sorts  so  extended,  that  we  cannot  attempt  to  enumerate  them. 
Those  placed  on  outer  doors  are  called  stock  hekst  those  on  chamber  doors  spring  locks, 
and  such  as  are  hidden  in  the  thickness  of  the  doors  to  which  they  are  applied,  moriise 
locks.     The  padlock  is  too  well  known  to  need  description  here. 

Hie  conditions  which  seem  indispensable  in  a  perfect  lock  are,  1.  that  certain  parts 
of  the  lock  should  be  variable  in  position  through  a  great  number  of  combinations,  one 
only  whereof  shall  allow  the  lock  to  be  opened  or  shut ;  2.  that  this  last-mentioned 
combination  should  be  variable  at  the  pleasure  of  the  possessor ;  3.  that  it  should 
not  be  possible,  after  the  lock  is  closed  and  the  combination  disturbed,  for  any  one,  not 
even  the  maker  of  the  lock,  to  discover,  by  any  examination,  what  may  be  the  proper 
situations  of  the  parts  required  to  open  tlie  lock ;  4.  that  trials  of  this  kind  shall  not  be 
capable  of  injuring  the  works ;  5.  that  it  shall  require  no  key ;  6.  and  be  as  easily 
opened  in  the  dark  as  in  the  light ;  7.  that  the  opening  and  shutting  shall  be  done  by 
a  process  as  simple  as  that  of  a  common  lock ;  8.  that  it  should  open  without  a  key  or 
tc;iM  one,  at  pleasure ;  9.  that  the  keyhole  be  concealed,  defended,  or  inaccessible  ;  10. 
that  the  key  may  be  used  by  a  stranger  without  his  knowing  or  being  able  to  discover 
the  adopted  combination;  11.  that  the  key  be  capable  of  adjustment  to  all  the  varia- 
tions of  the  lock,  and  yet  be  simple ;  1 2.  that  the  lock  should  not  be  liable  to  be  taken 
off  and  examined,  whether  the  receptacle  be  open  or  shut,  except  by  one  who  knows  the 
method  of  combination. 

llie  above  considerations  involve  a  problem  of  great  mechanical  difficulty,  which  has 
not  yet  been  solved,  though  much  has  been  done  towards  it.  For  the  locks  in  common 
use  m  buildings,  see  p.  592. 

LiODGE.  A  small  house,  situate  in  a  park  or  domain,  subordinate  to  the  mansion.  Also  the 
cottage  placed  at  the  gate  of  the  road  leading  to  the  mansion. 

LooAEiTMMS.     See  p.  246,  et  seq, 

LooHOUsB.     A  hut  constructed  of  the  trunks  of  trees. 

Logistic  Spieal.  One  whose  radii  are  in  continued  proportion,  and  in  which  the  radii  are 
at  equal  angles ;  or,  in  other  words,  a  spiral  line  whose  radii  every  where  make  equal 
angles  with  the  tangents. 

LoMBARDO,  M.     See  Architects,  list  o^  174. 

LoMBARDo,  P.     See  Architects,  list  o^  173. 

LiOMBARixi,  Samtb.     See  Architects,  list  of,  216. 

LoMoiMETHV.  A  term  used  to  denote  the  operation  of  trigonometry  for  measuring  lengths, 
whether  accessible  or  inaccessible. 

Loop.  (Fr.)  A  small  narrow  window.  A  loophole  is  a  term  applied  to  the  vertical  series 
of  doors  in  a  warehouse,  from  which  the  goods,  in  craning,  are  delivered  into  a  warehouse. 

LoRMB,  Philip  de.     See  Architects,  list  of,  214. 

Lotos.  A  plant  of  the  water-lily  species  much  used  in  the  architectural  ornaments  of 
the  early  nations,  and  especially  in  the  capitals  of  Egyptian  columns. 

Louis.     See  AacHrrECTs,  list  of,  304. 

Lozenge.     A  quadrilateral  figure  of  four  equal  sides,  with  oblique  angles. 

LurPER  Boardings.  (Fr.  Louvre.)     See  Boarding  Lupfer. 

LuNE  or  Lunula.   The  space  between  two  equal  arcs  of  a  circle. 

Lunette.  (Fr.)  A  cylindric,  cylindrical,  or  spherical  aperture  in  a  ceiling.  As  an  ex- 
ample of  the  term,  we  may  refer  to  the  upper  lights  in  the  nave  of  St.  Paul's  Cathedral 

Lusarche.     See  Architects,  list  of,  110. 

LuTHERN.     The  same  as  Dormer,  which  see. 

Lyiko  Panels.  Those  wherein  the  fibres  of  the  wood,  or  the  grain  of  it,  lie  in  an  hori- 
zontal direction. 

Ltsis.  (Gr.)  A  plinth  or  step  above  the  cornice  of  the  podium  of  ancient  temples,  which 
surrounded  or  embraced  the  stylobate,  whereof  an  example  may  be  seen  in  the  temple 
of  Fortuna  Virilis  at  Rome. 
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M  Roor.  A  roof  formed  by  the  junction  of  two  common  roo&  with  a  Yallum  between 
them.     The  letter  /^  inverted  represents  this  species  of  covering. 

Machicolations.  (  Fr.  Machicoulis. )  In  castellated  architecture  are.  according  to  Grose, 
the  projections,  supported  by  brackets  or  corbels,  through  which  melted  lead  and  stones 
were  dropped  on  the  heads  of  assailants.  They  were  not  probably,  however,  projectii^ 
works,  but  sometimes  were  considered  as  the  series  of  square  holes  in  the  vaultings  ai 
the  portals  used  for  the  same  purpose. 

Machimb.  (Gr.  Maxayji.)  In  a  general  sense,  any  thing  which  serves  to  increase  or  r^u- 
late  the  effect  of  a  given  force.  Machines  are  tintple  or  eompoutuL  The  former  are  the 
simple  mechanical  powers,  six  in  number ;  vis.  the  lever,  the  wheel  and  axle,  the  pulley, 
the  wedge,  the  screw,  and  the  funicular  machine.  The  latter  are  formed  by  the  com- 
bination of  two  or  more  simple  machines,  and  are  classed  according  to  the  forces  fay 
which  they  are  put  in  motion,  as  hjfdrmdic  nmchinest  pnemmuUic  mocAtaes,  elutricai  aiacAiaes, 
&c.,  or  the  purposes  they  are  intended  to  serve,  as  military  machines,  anhiteetmral  ma- 
chines, &c. 

Machuca.     See  Architbcts,  list  of,  227. 

Maderho.     See  AacHrracrs,  list  of,  249. 

Mao  LION  B.     See  Abchitscts,  list  o^  1 23. 

Magnbsian  Limxstomb.  An  extensive  series  of  beds  lying  in  geological  poutioQ  imme- 
diately above  the  coal  measures ;  so  called  because  the  /imestoae,  which  is  the  principal 
member  of  the  series,  contains  moffnegia. 

Magnitude.  (Lat)  A  term  by  which  size,  extent,  or  quantity  is  desigmited.  It  was 
originally  applied  to  the  space  occupied  by  any  figure ;  or,  in  oUier  words,  it  was  applied 
to  objects  strictly  termed  geometrical,  and  of  three  dimensions,  length,  breadth,  and 
thickness,  but  it  has  gradually  become  enlai^^  in  its  signification,  so  as  to  be  given  to 
every  kind  of  quantity  that  admits  of  mensuration,  or  of  which  greater  or  less  can  be  pre- 
dicated ;  in  which  sense  it  was  used  by  Euclid. 

Mahogany.  A  wood  often  used  for  doors  and  window-sashes.  See  p.  487.  The 
Jamaica  mahogany  is  the  hardest  and  most  beautiful,  and  is  distinguished  from  that  of 
Honduras  by  the  chalky  appearance  of  its  fibres.  Those  from  Honduras  appear  quite 
dark.     After  oiling,  this  distinction  is  not  so  clearly  observable. 

Main  Couplb.     See  Couplb. 

Majano.     See  Abchitbcts,  list  of,  149. 

Mallbabilitv.  (Lat.  Malleus,  a  hammer. )  The  property  of  being  susceptible  of  extensioo 
under  the  blows  of  a  hammer.  It  is  a  characteristic  of  some  of  the  metals,  most  particu- 
larly in  gold.  Conmion  gold-leaf  is  not  more  a  two-hundred-thousandth  part  of  an  inch 
in  thickness.  Five  grains  may  be  beaten  out  so  as  to  cover  a  surftce  of  more  than  two 
hundred  and  seventy  square  inches. 

Mallet.  (Lat.)  A  large  kind  of  wooden  hammer  much  used  by  artificers  wbo  work  with 
a  chisel,  as  masons,  stonecutters,  carpenters,  joiners,  &c. 

Maltha.  (Gr.)  A  native  bitumen  used  by  the  ancients  for  plastering  the  walls  of  their 
dwellings,  &c.  An  artificial  kind  was  made  of  pitch,  wax,  plaster,  and  grease ;  another  sort 
was  composed  of  lime  slaked  with  wine,  and  incorporated  with  melted  pitch  and  fire&h  figs. 

Mandbxl.  (  Fr.  Mandrin. )  In  machinery,  a  revolving  sliank,  to  which  turners  affix  their 
work  in  the  lathe. 

Mandkocles.     See  Abchitbcts,  list  ot,  6. 

Mangbb.  The  trough  in  the  stall  of  a  stable  wherein  is  placed  the  corn  or  other  short 
food  given  to  live  stock,  and  more  especially  to  horses. 

Manlio.     See  Architects,  list  of,  203. 

Mansard.     See  Architects,  list  of,  258. 

Mansard,  Julbs  Hardodin.     See  Architbcts,  list  of,  267. 

Mansard  Roof.  (So  called  from  the  name  of  its  inventor,  Francois  Mansard.)  The  same 
as  CuBB  Roop,  which  see. 

Mansion.  A  large  house ;  a  term  more  usually  applied  to  one  in  the  country.  The 
origin  of  the  word  and  its  application  is  supposed  to  be  derived  from  the  maiisiones»  or 
stationary  camps  of  the  Roman  soldiers. 

Mantle  Tree.     See  Chimney. 

Marble.  (Fr.  Marbre.)  A  term  limited  by  mineral<^ists  and  geologists  to  the  several 
varieties  of  carbonate  of  lime,  having  more  or  less  of  a  granular  and  crystalline  texture. 
Among  sculptors,  the  word  Lb  used  to  denote  several  compact  or  granular  kinds  of  stone 
susceptible  of  a  very  fine  polish ;  the  varieties  of  it  are  extremely  numerous.  The  most 
valuable  sorts  used  by  the  ancients  were  the  Pemielican,  which  was  white,  and  was  ob- 
tained from  Mount  Penteles  in  Attica.  It  was  used  in  the  Parthenon  and  other  Athe- 
nian buildings,  and  was  also  in  great  repute  among  the  sculptors.  The  Ikurian  marbk 
was,  as  its  name  imports,  from  the  island  of  Paros,  in  which  Mount  Marpessus  yielded 
the  best,  which  was  called  MarpesBioH,   Tlie  marble  of  Paros  was  also  sometimes  termed 
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Lychneus,  because  of  its  use  in  making  candelabra,  and  Lygdinum^  from  the  promontory 
of  Lygdos.  Another  of  the  white  marbles  of  antiquity  was  that  of  Mount  Hymettus 
in  Attica«  The  marbles  of  Thaaua  and  Leshot  were  white,  and  in  great  repute.  The 
latter  island  produced  also  a  black  marble.  At  Luna,  in  Etruria,  there  was  found  a 
marble  even  whiter  than  that  of  Paroa.  Amongst  the  white  marbles  may,  moreover,  be 
mentioned  the  marmor  Phellenu  from  Mount  Phellens ;  the  marmor  Coratiticum,  found 
near  Uie  river  Coralios  in  Fhrygia,  and  termed  also  Sangariumf  from  another  name  of  the 
same  river.  The  marmor  Cyzieum  was  taken  frt>m  ^e  quarries  of  Cyzicus  in  Asia 
Minor  ;  the  Synnadiaim^  or  marmor  Phrygium,  was  obtained  ftom  the  environs  of  the 
city  of  Synnas  in  Pbrygia,  and  was  of  a  black  ground  with  small  circles.  Another  sort 
of  marble,  which  resembled  ivory  in  its  colour,  was  called  chemitet.  The  marble  of 
Tanartu  was  highly  esteemed  as  a  black  marble.  The  marmor  Lybteum^  or  Nvmidian 
marble,  called  also  marmor  LueuUeum,  was  what  the  French  term  noir  aniiqtte.  The  cele- 
brated marmor  Chiunt  was  excavated  from  the  Mount  Felineus  in  the  bland  of  Chio,  and 
was  of  a  transparent  chequered  black  colour.  The  marmor  obsidianum  was  from  Ethiopia, 
and  of  the  black  species,  as  was  the  Proconnesicm,  or  Cyzican  marble,  from  the  island  of 
Proconnesus.  That  from  Mount  Taygetes,  called  marmor  Laconicmn,  was  the  well- 
known  verd  antique  of  antiquaries.  The  marble  of  Carytiue  was  a  mingled  green ;  that 
called  the  Atraeium,  from  Mount  Atrax  in  Thessaly,  was  a  mixture  of  white,  green,  blue, 
and  black.  The  green  Jiberian  and  Auyvetan  marbles  were  obtained  from  Egypt.  The 
fnarmor  Aphites,  or  Memphitesj  which  took  its  first  name  from  its  resemblance  to  the  skin 
of  a  serpent,  and  its  second  from  the  city  of  Memphis,  where  it  was  found,  is  the  Serpen- 
tino  aniico  of  the  Italians.  The  marble  of  Corintk  was  yellow,  and  the  marmor  Phenyitet 
of  Cappadocia  was  white,  with  yellow  spots.  The  Rhodian  marble  was  marked  with 
spots  resembling  gold ;  that  of  Mdos  was  yellow,  and  excavated  in  Mount  Acynthus. 
The  varieties  of  marble  used  in  modern  times  are  exceedingly  numerous,  and  a  classifica- 
tion of  them  would  occupy  a  lai^er  space  than  can  be  here  given.  Except  the  finest 
specimens  of  white  marble,  they  are  mostly  opaque.  Some  extremely  fine  specimens 
of  white  marble  are  to  be  seen  in  the  Borghese  Palace  at  Rome,  which,  on  being  sus- 
pended by  the  centre  on  a  hard  body,  bend  very  considerably.  It  is  found  that  statuary 
marble  exposed  to  the  sun  acquires,  in  time,  this  property,  thus  indicating  a  less  degree 
of  adhesion  of  its  pcurts  than  it  naturally  possessed. 

Almost  every  mountainous  district  of  the  world  produces  this  mineral,  but  the  finest 
and  most  valuable  is  from  Italy.     See  Book  II.  Chap.  II.  Sect.  S. 

Makblx,  poLisHiMG  OF.  The  material  is  brought  to  an  even  fiice  by  rubbing  with  free- 
stone, afterwards  with  pumice-stone,  and  lastly  with  emery  of  several  colours ;  but  white 
marble  is  finished  with  calcined  tin.  The  Italians  polish  with  lead  and  emery.  The 
sawing  of  marble,  preparatory  to  polishing,  is  by  a  saw  of  soft  iron,  with  a  continued 
supply  of  the  sharpest  sand  uid  water. 

MiiaoiN  or  ▲  Couass.  That  part  of  the  upper  side  of  a  course  of  slates  which  appears  un- 
covered by  the  next  superior  course. 

Marigolb  Window.     See  Ross  Window. 

Marmoratuii.  (Lat)  A  cement  used  by  the  ancients,  formed  of  pounded  marble  and 
lime  well  beaten  together. 

Marqcxtet  or  Parquetrt.  (Fr.  Marquetrie.)  Inlaid  work,  consisting  of  different  pieces 
of  various  coloured  woods,  of  small  thickness,  glued  on  to  a  ground,  usually  of  oak  or  fir 
well  dried  and  seasoned,  which,  to  prevent  casting  and  warping,  is  composed  of  several 
thicknesses.  It  was  used  by  the  early  Italian  builders  in  cabinet  work ;  and  John  of  Vienna, 
and  others  of  hb  period,  represented  by  its  means  figures  and  landscapes ;  but  in  the  pre- 
sent day  it  b  chiefly  confined  to  floors,  in  which  the  divers  pieces  oif  wood  are  usually 
disposed  in  regular  geometrical  figures,  and  are  rarely  of  more  than  three  or  four  species. 

Mascal  or  Marshall.      See  Architects,  list  of,  220. 

Masonry.  (Fr.)  The  science  of  combining  and  joining  stones  for  the  formation  of  walls 
and  other  parts  in  constructing  buildings.  When  applied  in  the  construction  of  domes, 
groins,  and  circular  arches,  it  is  difficult  and  complicated,  and  is  dependent  on  a 
tiiorougb  knowledge  of  descriptive  geometry.  Hie  subject  is  treated  in  the  body  of  this 
work.  Book  II.  Chap.  III.  Sect  3. 

Among  the  ancients,  several  sorts  of  masonry  were  in  use,  which  are  described  by 
Vitruvius  as  follows,  in  the  eighth  chapter  of  his  second  book :  — **  Hie  different  species 
of  walls,**  he  observes,  "  are  the  retietdahtm  (net-like)  (Jig,  1045.  A),  a  method  now  in 
general  use,  and  the  incertum  (B),  which  is  the  ancient  mode.  Tlie  reticulatum  is  very 
beautiful,  but  liable  to  split,  from  the  beds  of  the  stones  being  unstable,  and  its  deficiency 
in  respect  of  bond.  The  incertum,  on  the  contrary,  course  over  course,  and  the 
whole  bonded  together,  does  not  present  so  beautiful  an  appearance,  though  stronger 
than  the  reticulatum.  Both  species  should  be  built  of  the  smallest  sized  stones, 
'  that  the  walls,  by  sucking  up  and  attaching  themselves  to  the  mortar,  may  last  the 
longer :    fbr    as   the  stones  are  of  a  soft  and   porous  nature,  they  absorb,  in  dry- 
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pom   of  the    non»  rrom  tbe  mor- 
tar, the  line,  loung  ita  poweTi  le«Tei  ■ 

■dheie  la  it,  uid  in  ■  ihort  time  E 
ttie  Tork  become)  uuound.  We  mij  I 
•ce  this  ia  Hreni  monumenti  about  H 
the  city  (Rome)  which  haie  '»™n  3 
built  oTnitrble,  or  oT  itonci  aquared  g 
ellenuill]',  that  La.  on  one  face,  but  '■ 
ailed  up  with  rubble  run  with  mortar,  f. 
Time  in  thcaa  haa  taken  up  the  j. 
moiattin  of  the  mortar,  and  destroyed  ^ 
ita  efEcac;   by   the  pomity  of  tlie  '' 

■urbce  on  whicfa  it  acted.  All  nrfieaion  is  thui  nunol.  aiui  the  walla  Ul  to  decay.  He 
wbo  ii  deumia  that  thii  may  not  happen  to  his  work  ahould  build  hii  two-face  walk 
two  feet  thick,  cither  of  red  itone,  or  of  brickt,  or  of  common  flint,  binding  them  lagTti«r 
with  iron  crampi  run  with  lead,  and  duly  presening  the  middle  space  or  cavity.  Tte 
nulerials  in  thii  ease  not  being  thrown  in  at  nndom,  but  the  work  well  brought  up  on 
the  beds,  the  upright  joinia  properly  arruiged,  and  the  boe-walU,  morsner,  regularly 
tied  together,  tliey  are  not  liable  to  bul|{e,  nor  be  otherwise  diifigured.  In  these  rgapecta 
one  cannot  refrain  Irom  admiring  the  walla  of  the  Greeks.  They  make  no  use  of  nA 
stone  in  their  buildings ;  when,  howe>er,  Ihey  do  not  employ  squared  Mooes,  they  uie 
either  Bint  or  hard  stone,  and,  as  though  building  with  brick,  they  cross  or  break  the 
upright  joints,  and  thus  produce  the  most  durable  work.  'Here  are  two  soils  of  tbii 
■pecies  of  work,  one  called  isodofsui  (CC).  the  oOirt  fandUodomwa  ^DD).  The  Gist 
it  »  called,  because  in  it  all  the  counes  are  of  an  equal  height ;  the  latter  receind  its 
name  from  the  unequal  heiftbls  of  the  counes.  Both  these  methods  make  aouDd  work ; 
lint,  because  the  stooeg  sre  hsnl  and  solid,  and  therefore  unable  to  abnorb  the  moisture 
of  the  mortar,  which  is  thus  preserred  to  the  loogett  period ;  secondly,  because  the  beds 
Iwing  smooth  and  level,  the  mortat  does  not  escape  ;  and  the  wa]l,  moreorer,  bonded 
throughout  its  whole  thickness,  becomes  eternal.  There  u  still  anotber  method,  which 
is  called  riaKaerai,  (es^iitelum)  (E),  in  use  even  among  our  country  workmen.  In 
this  species  the  bees  arc  wrought.  The  other  stones  are,  without  working,  deposited 
in  the  cavity  between  the  two  faces,  and  bedded  in  mortar  as  the  wall  is  carried  up. 
But  the  workmen,  for  the  sake  of  despatch,  carry  up  these  canng  walls,  and  then  tumtile 
in  the  rubble  between  them,  so  that  there  are  thus  three  distimt  thickneasea,  namely,  the 
two  lides  or  bcinKS,  and  the  filling  in.  The  Creeks,  howerer,  pursue  a  diiferent  coune, 
laying  the  stones  Hat,  and  breaking  (he  vertical  joints ;  neither  do  they  lill  in  the  iniildle 
at  random,  but.  by  means  of  bond  itonea,  mslie  the  wall  solid,  and  of  cme  thkfciMn  or 
piece.  They  moreover  cross  the  wall  from  one  &ce  to  the  other,  with  bond  stone*  of  • 
»ngle  piece,  which  they  call  Sianrti  {diaioni)  (F).  tending  greatly  to  strengtben  the 
work."  We  have  preferred  to  give  tbia  account  in  the  words  of  the  author  himsdf  as 
the  beat  description,  because  that  sf  a  practical  architect,  and  though  capable  ct  some 
abbreviation,  not  sufficiently  so  to  jnstify  our  own  alteration. 

Mtss.  (Germ.  Masse.)  The  quafl^ty  of  matter  whereof  any  body  is  oomposed.  Tlic 
mass  of  a  body  is  directly  as  the  product  of  its  volume  into  its  density.^  Multiplied  into 
the  constant  force  of  gravity,  the  mass  constitutes  the  weight ;  hence  the  mass  ofa  body 
is  properly  estimated  by  its  weight. 

MisTic.  <Gr.  Mmrrucii,  aspecica  of  gum.)      A  cement  of  recent  introduc 
employ^  for  plastering  walla.      It  is  uaed  w^'^ 
sets  hard  in  a  few  daya.      From  this  latter  ci 
reception  of  paint  in  a  very  short  period,  it  ii 

Masuccio.      See  AacHincrs,  list  of,  134. 

Vatiiuii.9.  (lit.  Materies.)     Tilings  composed  of  nutter,  or  p- 

properties.    Those  used  in  building  form  the  subject  of  the  second  Chapter  of  the  second 

Book  of  this  work,  to  which  the  reader  is  referred. 
MtTHEMiTics.   (Gr.  MoSqini.  learning.)    T1ie  science  which  investigates  the  consequences 

logically  deducible  fioio  any  ^ven  or  admitted  relation*  between  magnitude  or  numbers. 
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It  has  usually  been  divided  into  two  parts,  pure  and  mixed.  The  first  is  that  in  which 
geometrical  magnitude  or  numbers  are  the  subjects  of  investigation ;  the  last,  that  in 
which  the  deductions  so  nude  are  from  relations  obtained  by  observation  and  experiment 
from  the  phenomena  of  material  nature.  This  is  sometimes  called  phffneat  or  physical 
science.  On  the  subject  of  mathematics,  the  reader  is  referred,  as  respects  what  is 
1  necessary  for  the  architect,  to  AarrHMETic,  and  Algbbka,  and  Gbomxtry,  in  the  body  of 

j  the  work.  Book  II.  Chap.  I.  Sects.  1  and  3. 

^  Mattxr.  (Lat.  Materies.)     That  which  constitutes  substance.     Of  its  intimate  nature, 

*  the  human  faculty  possesses  no  cognisance,  nor  either  by  observation  or  experiment  can 

I  data  be  furnished  whereon  to  found  an  investigation  of  it.     All  that  we  seem  likely  to 

:  know  of  it  is  its  sensible  properties,  some  whereof  are  the  foundation  of  physical  science, 

I  others  of  the  different  subordinate  sciences. 

I  MAuaiTiCTs.     See  AacniTxcrs,  list  of,  86. 

I  Mausoleum.     A  term  used  to  denote  a  sepulchral  building,  and  so  called  from  a  very 

'  celebrated  one  erected  to  the  memory  of  Mausolus,  king  of  Caria,  by  his  wife  Artemisia, 

about  353  a.  c.  From  its  extraordinary  magnificence,  the  building  just  mentioned  was 
in  ancient  times  esteemed  the  seventh  wonder  of  the  world.  According  to  the  account 
of  Pliny,  it  was  111  feet  in  circumference,  and  140  feet  high.  It  is  said  to  have  been 
encompassed  by  thirty-six  columns,  and  to  have  been  much  enriched  with  sculpture. 
MxAN.  In  mathematics,  that  quantity  which  has  an  intermediate  value  between  several 
others,  formed  according  to  any  assigned  law  of  succession.  Thus,  an  arithmetical  mean 
of  several  quantities  is  merely  the  at«ra^e,  found  by  dividing  the  sum  of  all  the  quantities 
by  their  number.  A  geomeirical  mean  between  two  quantities,  or  a  mean  proportional,  is 
the  middle  term  of  a  duplicate  ratio,  or  continued  proportion  of  three  terms ;  that  is, 
that  the  first  given  term  is  to  the  quantity  sought  as  that  quantity  is  to  the  other  given 
term.  In  arithmetic  it  is  the  square  root  of  tiie  product  odT  the  two  given  terms.  The 
Jkarmonical  mean  a  a  number  such  that  the  first  and  third  terms  being  given,  the  first  is 
to  the  third  as  the  difference  of  the  first  and  second  is  to  the  difference  of  the  second  and 
third. 
Measurx.  (Lett.  Mensura.)  In  geometry,  strictly  a  magnitude  or  quantity  taken  as  a 
unit,  by  which  other  magnitudes  or  quantities  are  measured.  It  is  defined  by  Euclid  as 
that  which,  by  repetition,  becomes  equal  to  the  quantity  measured.  Thus,  in  arithmetic, 
the  meantre  of  a  number  is  some  other  number  which  divides  it  without  a  remainder, 
though,  perhaps,  such  a  definition  rather  intimates  the  notion  of  aUquot  parts.  But  that 
meaning  on  which  this  article  is  submitted  is  the  unit  or  standard  by  which  extension  is 
to  be  measured.  We  have  measures  of  length,  of  superficies,  and  of  volume  or  capacity. 
But  the  two  latter  are  always  deducible  horn  the  former  ;  whence  it  is  only  necessary 
to  establish  one  unit,  namely,  a  standard  of  length.  The  choice  of  such  a  standara, 
definite  and  invariable,  thou|^  beset  with  many  and  great  difiiculties,  modern  science 
has  accomplished,  llie  rude  measures  of  our  ancestors,  such  as  the  foot,  the  eubit,  the 
epan,  the  fathom,  the  barleycorn,  the  hair's  breadth,  are  not  now  to  be  mentioned  in  matters 
of  science,  much  more  precise  standards  having  been  found,  and  not  susceptible  of  casual 
variation.  Nature  affords  two  or  three  elements,  which,  with  the  aid  of  science,  may  be 
made  subservient  to  the  acquisition  of  the  knowledge  required.  Tlie  earth  being  a  solid 
of  revolution,  its  form  and  magnitude  may  be  assumed  to  remain  the  same  in  all  ages. 
If  this  be  so,  the  distance  between  the  pole  and  the  equator  may  be  taken  as  an 
invariable  quantity ;  and  any  part,  say  a  degree,  which  is  a  nineteenth  part  of  it,  will  be 
constant,  and  furnish  an  unalterable  standard  of  measure.  So,  again,  the  force  of  gravity 
at  the  earth's  surface  being  constant  at  any  given  place,  and  nearly  the  same  at  places 
under  the  same  parallel  of  latitude,  and  at  the  same  height  above  the  level  of  the  sea,  the 
length  of  a  pendulum  making  the  same  number  of  oscillations  in  a  day  is  constant  at  the 
same  place,  and  may  be  determined  on  any  assmned  scale.  Thus  we  have  two  elements, 
the  length  of  a  degree  of  the  meridian,  and  the  length  of  a  pendulum  beating  seconds, 
which  nature  famishes  for  the  basis  of  a  system  of  measures.  Others  have  been 
suggested,  such  as  the  height  through  which  a  heavy  body  falls  in  a  second  of  time, 
determined,  like  the  length  of  the  pendulum,  by  the  force  of  gravity^  or  the  perpendicular 
height  through  which  a  barometer  must  be  raised  till  the  mercurial  column  sinks  a 
determinate  part;  for  instance,  one-thirtieth  of  its  own  len^h ;  but  these  are  not 
so  capable  of  accurately  determining  the  standard  as  the  terrestrud  degree,  or  the  length 
of  the  pendulum. 

By  an  act  of  Parliament  passed  in  the  year  1824,  it  was  declared,  in  relation  to  a 
standard  which  then  was  in  the  custody  of  the  clerk  of  the  House  of  Commons,  whereon 
were  engraved  the  words  and  figures  standard  yardy  1 760,  but  which  was  soon  after 
burnt  in  the  fire  of  the  houses  of  Parliament,  that  it  should  be  the  unit  or  only  standard 
measure  of  extension,  and  that  it  should  be  called  the  imperial  standard  yard.  The  act 
further  declared,  that  if  at  any  time  thereafter  the  said  imperial  standard  yard  should  be 
lost,  or  in  any  manner  destroyed,  defined,  or  otherwise  ii^ured,  it  should  be  restored  by 
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making,  under  th«  directiam  of  the  lords  of  the  treasury,  a  new  standard  yard,  bnaring 
the  proportion  to  a  pendulum  Tibrating  seconds  of  mean  tune  in  the  latitude  of  Lnndot^ 
in  a  Taeuum,  and  at  the  lerel  of  the  sea,  as  36  inches  to  39*1393  inches.  It  was  after- 
wards found  that  this  measure,  when  nicely  examined,  was  incorrect,  as  respected  tbe 
relation  of  36  to  39*1393.  It  seems,  too,  never  to  have  been  directly  compared  with  tbe 
pendulum;  neither  from  the  difficulty  of  determining  the  lengths  of  the  Tceonds 
pendulum,  except  within  limits  too  wide  for  the  purpose  in  questi<Ni,  oould  tlu* 
restoration  of  the  standard  be  effected  with  any  certainty.  Perhaps  tbe  only  standard 
that  can  be  safely  referred  to  at  the  present  day  is  that  belonging  to  tbe  Royal  Astro- 
nomical Society. 

In  the  English  system  of  linear  measures,  the  unit,  as  we  have  above  seen,  is  the  yard, 
which  is  subdivided  into  3  feet,  and  each  of  those  feet  into  12  inches.  Of  the  yard,  the 
multiples  are,  the  pole  or  perch,  the  furlong,  and  the  mile ;  5)  yards  bdng  1  pole^  40  pedes 
being  1  furlong,  sind  8  furlongs  1  mile.  The  pole  and  fiirlong,  however,  are  now  much 
disuMd,  distance  being  usually  measured  in  miles  and  yards.  The  English  paee  is 
1]  yards  ■■5  feet  Thus,  the  following  table  exhibits  the  relations  of  the  diflferent 
denominations  mentioned  :  — 


IncbM. 

Feet. 

Yards. 

Poles. 

Forlongi. 

Miles. 

1 

0-083 

0-028 

0-00505 

0-00012626 

0-00001 578S8 

12 

1. 

0-333 

0-06060 

0-00151515 

0-00018939 

36 

3. 

!• 

0-1818 

0004545 

0-00056818 

198 

16-5 

5-5 

1- 

0025 

0-003125 

7920 

660- 

220- 

40- 

1- 

0-125 

63360 

528a 

1760- 

320- 

8- 

1- 

The  measures  of  superficies  are  the  square  yard,  foot,  inch,  &c.,  as  under:  — 

144  square  inches  are  equal  to       •  -  -  1  square  foot. 

9  square  feet         -  -  -  -  -  1  square  yard. 

2}  square  yards     -  -  -  -  -  1  square  pace. 

10*89  square  paces  -  -  -  *  1  square  pole. 

40  square  poles    -  -  •  -  -  1  square  rood. 

4  square  roods      -  -  •  -  -  1  square  acre. 

In  which  it  will  be  seen  that  the  multiples  of  the  yard  are  the  pole,  rood,  and 
Very  large  sur&ces,  as  of  countries,  are  expressed  in  square  miles.     Tlie 
square  measure  are  given  in  the  following  table :  — 


Square  Feet. 

Sqosre  Yards. 

Square  Polei. 

Square  Roods. 

Square  Acres. 

1- 

O-llll 

0-00367309 

0-000091827 

0-000022957 

9- 

1- 

0-0330579 

0-000826448 

0-000206612 

272-25 

30-25 

1- 

0O25 

0-00625 

10890- 

1210- 

40- 

1- 

0-25 

43560- 

4840- 

160« 

4- 

1- 

The  measures  of  solids  are  cubic  yards,  feet,  and  inches,  1728  cubic  inches  being  equal 
to  a  cubic  foot,  and  27  cubic  feet  to  one  cubic  yard.  By  the  act  of  1824,  the  standard 
measure  for  all  sorts  of  liquids,  com,  and  other  drv  goods,  is  declared  to  be  the  Aiycrtnl 
gallon.  According  to  the  act  in  question,  the  imperial  standard  gallon  contains  ten 
pounds  avoirdupois  of  distilled  water,  weighed  in  air  at  tbe  temperature  of  62^  Fahren- 
heit's thermometer,  the  barometer  being  at  SO  inches.  The  pound  avoirdupois  contains 
7000  troy  grains,  and  it  is  declared  that  a  cubic  inch  of  distilled  water  (temperature  GSF*, 
barometer  30  inches)  weighs  252 '458  grains.  Hence  the  imperial  gallon  contains 
277-274  cubic  inches.  The  eallon  is  subdivided  into  quart$  and  pinta,  2  pints  being  one 
quart,  and  4  quarts  one  gallon.  Its  multiples  are  the  peck^  which  is  2  gallons,  the 
bushd,  which  is  4  pecks,  and  the  quarter,  which  is  8  bushels.  Tlie  relations  of 
of  volume  are  given  in  the  subjoined  table :  —  * 


PInU. 

QuarU. 

Galloas. 

Pecks. 

Bushels. 

Quarters. 

1 

0-5 

0-125 

0-0625 

0-015625 

0-001953125 

2 

1- 

0-25 

0125 

0-03125 

0*00390625 

8 

4- 

1- 

0-5 

0125 

0-015625 

16 

8- 

2* 

1* 

0-25 

0-08125 

64 

32- 

8- 

4' 

!• 

0*125 

512 

256- 

64- 

32- 

8- 

1- 
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The  old  wine  gallon  ooutamed  231  cubic  inches,  the  old  com  gallon  268*8  cubic  inches, 
and  the  old  ale  gallon  S83  cubic  inches.  Before  noticing  the  new  French,  or  metre, 
system  of  measures,  we  subjoin  a  few  of  the  principal  ancient  ones,  English  inches : 

1  toise,  French  »  6  French  feet      »  6*394665  English  feet. 
1  foot,  do.          a- 12  French  inches  ■- 12-78936  English  inches. 
I  inch,  do.          si 2  French  lines     «   106578  English  inches. 
1  line,  do.           i  6  French  points  =  0*088815  English  inches. 
I  point,  da        » s  0*0148025  English  inches. 

According  to  Greneral  Roy,  an  English  finthom  :  a  French  toise  ::  1000  :  106575. 

In  the  new  French  system,  the  metre,  which  is  the  unit  of  linear  measure,  is  the  ten- 
millionth  part  of  the  quadrant  of  the  meridian  » 3 '2808992  English  feet;  and,  as  its 
multiples  and  subdivisions  are  decimally  arranged  and  named  by  prefixing  Greek 
numerals,  the  following  table  exhibits  each :  — 


Denomtnation. 

E^lUh  FeeC 

Myriametres 

- 

-  10000  metres 

SM  ( 

32808-992 

Kilometre   - 

- 

-     1000 

M 

3280-8992 

Hectometre 

- 

-       100 

ea 

32808992 

Decametre  - 

•• 

10 

a 

32-808992 

Metre  (the  unit) 

- 

1 

ss 

3-2808992 

Decimetre    - 

- 

01 

sa 

0-32808d92 

Centimetre  - 

- 

o-oi 

a 

0032808992 

Millimetre  - 

- 

0-001 

a 

0-0032808992 

The  metre,  therefore,  is  equal  to  39*3707904  English  inches. 

The  imit  of  superficial  measure,  in  the  French  system,  is  the  are,  which  is  a  surfiice  of 
10  metres  each  way,  or  100  square  metres.     The  centiare  is  1  metre  square. 

Denomination.  English  Square  Yards. 

Hectare           -  -  10000  square  metres  » 1 1960*33 

^7«  (the  unit)  -  100                            a      119*6033 

Centiare          .  .  1                            ».         1*196033 

The  are,  therefore,  is  equal  to  1076*4297  English  square  feet 

The  unit  of  measures  of  capacity,  in  the  French  system,  is  the  /tire,  a  vessel  containing 
a  cube  of  a  tenth  part  of  the  metre,  and  equivalent  to  0*22009668  British  imperial  gallon. 
Its  multiples  and  subdivisions  are  as  follow :  — 

Denomination.  Eng.  Imp.  Gallons. 

Kilolitre  -  -  -  1000  litres  =220.09668 

Hectolitre        -  -  -     100  »  22*009668 

Decalitre  •  -  .       10  «     2*2009668 

Irtfre  (the  unit)  .-la     0*22009668 

Decilitre  -  -  -         0*1         »     0*02209668 


The  unit  of  solid  measure,  or  the 
Denomination. 
Decastere    - 
Stere  (the  unit) 
Decistere 


is  equal  to  35*31 658  English  cubic  feet ;  therefore, 

Bnglish  Cubic  Feet. 

-  lOsteres  =353 '1658 

-  1  «  35*31658 

-  0-1  «     3*531658 


Under  the  word  Foot  will  be  found  the  length  of  that  measure  in  the  principal  places 
of  Europe.  We  here  think  it  right  to  add  some  further  continuation  of  that  article  as 
drawn  up  by  the  late  Dr.  Thomas  Young  from  Hutton,  Cavallo,  Howard,  Vega,  and 
others. 


AltdorfTfoot      - 

Amsterdam  fDOt 

Amsterdam  ell  • 
Aoeonafoot 
Antwerp  Ihot     • 
Aquileia  foot     - 
Aries  foot 
Auastnirg  foot  - 
ATignonaArles. 
Barcelona  foot  - 
Baile  foot 
BaTarlaa  foot    - 
Bergamo  foot    - 
Berlin  foot 
Beraelbot 
Besan^on  foot    • 

Bologna  foot 


English  Feet. 

•m  Hutton. 

r-W7  H. 

4-990  Cavallo. 

C-9U  Howard. 

3*233  C. 

1-S82  H. 

•940  H. 

MS8  H. 

•888  H. 

•972  H. 


*99S  H. 

-944  H. 

•968  Beigel. 

1*431  H. 

•999  H. 

*9G3  Howe. 

1*015  H. 

i-M4  H. 

1*960  Cavallo. 


I 


Bonrg  en  Bresse  foot  • 
Brabant  ell,  in  Germany 
Bremen  foot 
Brescia  foot 
Bresclan  bracdo 
Breslaw  foot 
Bruges  foot 

Brussels  foot     • 

Brussels,  greater  ell      - 
Brussels.  lesser  eli 
Castllian  vara    - 
Cliambery  foot  - 
China  mathematical  foot 

China  imperial  foot 

Chinese  li 
Cologne  foot     - 

Constantinople  - 


English  Feet. 

-  1*080  R 

-  2-268  Vega. 

-  •9M  H. 

-  i-fieo  H. 

-  2-092  C. 

-  1-126  H. 

•749  H. 

r'902  H. 

•     r964  V. 

-  2-278  V. 

-  2-24«  V. 

-  2-746  C. 

-  1107  H. 

-  1*127  H. 
f  1*061  H 
£1*080  V. 

-  006-000  C. 

•908  H. 

r2-195  H. 
"  C  1*16* 


lOOfi 
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Copcohano  fioot 
Cracow  root 
Cracow  greater  ell 
Cracow  Nnaller  ell 
DanUlc  foot 
Dauphin^  foot  • 
DelR  foot 
Denmark  foot    - 
DUon  ftMt 
Dordrecht  foot  - 
Dreaden  foot     - 
Dryden  ell«9  feet 
Ferrara  foot 
Floreoce  foot    - 

Florence  braodo 

Franche  Comti  foot 
FrankfortMUamburgh 

Oeooa  palm 

Genoa  eanna     - 
Genera  foot 
Grenoble>KDaupbin6. 
Haarlem  foot     - 
Halle  foot 
Hamburgh  foot 
Heidelbers  font 
Inspruck  foot    • 
Lnrhom  foot     - 
Letpsig  foot 
Lefpilg  ell 
Leyden  foot 
Lleoe  foot 
LUbon  fbot 
Lucca  braccio    - 
Lyons=sDauphin<. 

Madrid  foot 

Madrid  vara 
Maestrichtfoot- 
Ifalta  palm 
Bfantiui  braiio  - 
Mantuan  braccioMBresda 
Marselllet  foot  - 
Mechlin  foot      - 
Menti  foot 
Milan  decimal  foot 
Milan  aliprand  foot 
Milaneie  braodo 
Modcna  foot 
Monaco  foot 
Montpelierpan  - 
Moravian  foot    - 
Moravian  ell 
Hoacow  foot 
Munich  foot 

Naples  palm 

Naples  canna     - 

Nureraburg  town  foot  - 

Noremburg  country  foot 
Nurembarg  artillery  foot 
Nuremburg  ell  - 
Padua  foot 
Talenno  foot     - 
Paris  foot 
Parii  metre 
Parma  foot 


BngUihFeet. 

1-049  H. 

1-169  H.  V. 

1-094  V. 

1-8M  V. 

•92S  H. 

1'119  H. 

-547  H. 

1*047  H. 

r090  H. 

•771  H. 

•999  Wolfe. 

1-957  V. 

1-S17  H. 

•995  H. 

fr-9?s}c«-«>>o- 

1-179  H. 

.  H. 

{•819  H. 
.WJJCavJlo. 

7-aoo  c. 

1-919  H. 

•987  H. 

•977  H 

•938  H. 

•908  H. 

MOl  H. 

•998  H. 

V(04  H. 

re33  H. 

1-0S8  H. 

•944  H. 

•959  H. 

1-9S8  H. 


r-915 

^•918 

8*963 

•916 

•915 

1-591 

•9U 

•753 

•988 

•855 

1-496 

1-725 

9^061 

•771 

•777 

•971 

9-504 

•9S8 

947 

861 

859 

6^90B 

C-996 

1-997 

•907 

•961 

9-166 

1-406 

■747 

1066 

8-9800 

1-869 


( 


H. 

How. 

C. 

H. 

H. 

H. 

C. 

H. 

H. 

H. 

H. 

H. 

C. 

H. 

H. 

H. 

V. 

V. 

H. 

H. 

H. 

C. 

C. 

H. 

V. 

R 

V. 

V. 

H. 

H. 

H. 

H. 


PaTTOBaan  braodo 
Pavia  foot 
PlacentiasaParma 

Prague  foot 

Prague  ell 
ProvencewManelUes. 

Rhlnland  foot   «• 

Riga»Hambargh. 

Roman  palm 

Boman  root 

Roman  deto,  N16th  Ibot 

Roman  onda»  1-1 9di  foot 

Roman  palmo    • 

Roman  palmo  dl  architettura 

Roman  canna  (U  architettura 

Roman  italolo   - 

Roman  canna  dd  mercanti  (8 

palms) 
Rdman  braodo  dd  mercanti  (4 

palms) 
Roman   br^iodo  di  tasdtor  dl 

tela     ... 
Roman  bracdo  di  architettura 
RoueuHPatis    - 
Russian  archlna 
Russian  arschin 
Russian  verschock  (l-16kh  ar< 

schin) 
SavovM  Chamberrl 
SevlUeMBaroetona 
Seville  vara 
Sienna  foot 
Stellin  fbot 

Stockholm  foot  • 

Strasburg  town  foot     - 
Strasburg  country  foot 
Toledo— Madrid 
Trent  foot 

Trieste  ell  for  woollens 
Trieste  dl  for  silk       . 

Torin  foot 

Turin  ras  -  - 

Turin  traboco  • 
Tyrol  foot 
Tyrol  ell 
ValladoUd  foot  • 

VeniceVoot 

Venice  braccio  of  silk  - 
Venice  ell  -  . 

Venice  bracdo  of  doth 
Verona  foot 
Vieensa  foot 

Vienna  foot 

Vienna  dl 
Vienna  post  mile 
Vienne  in  Dauphin^  foot 
Ulm  foot 
Urbino  foot 
Utrecht  foot      - 
Warsaw  foot     - 
Wesd»Donlrecht 

Zurich  foot 


-  f 


BngliahFeet. 

9-9<9  C. 

1^540  H. 

-  C. 

•987  H. 

•979  V. 

1-948  V. 


C^09S 
1 1-090 

•783 


U. 


4 


•0604 
•0606 
•9015 
•7885 
7-895 
4-919 


H. 

FolkflB. 

F. 

F. 

F. 

F. 

F. 

F. 


6^5866  F. 


9-7876 
9-856 


F. 
C. 


9-0868  F. 


9-561 


-J 


9-3333 
•1458 


■I 


9-760 

1*239 

1*994 

1-078 

•974 

•956 

•967 


i 


1-901 

8-280 

9-107 

ri-676 

C  1-681 

1*958 

10-085 

1-096 

8*689 

-908 

1*187 

M40 

1-167 

9-108 

2-089 

2-250 

1-H7 

-186 

Cl-086 

11-037 

2-557 

24-888 

1-058 

•826 

1162 

•741 

MOO 


{ 


•979 
-984 


C. 
H. 
C. 
PbQ. 


H. 
H. 
C. 
H. 
H. 

a 

Cdsios. 

H. 

H. 

H. 

H. 

H. 

H. 

U. 

a 
c. 
a 

V. 

V. 

H. 

H. 

How. 

C. 

C. 

V. 

C. 

H. 

H. 

H. 

How. 

V. 

V. 

H. 

H. 

H. 

H. 

H. 

H. 

H. 

Phil. 


The  uncertainty  respecting  the  ancient  Greek  and  Roman  meaaurea  had  almost  in* 
ducecl  us  to  refrain  from  setting  down  the  usually  received  notions  on  thoee  subjeets,  but 
as  we  may  be  accused  by  the  omission  of  neglect,  ve  subjoin  some  few :  — * 


ScaiPTcax  Long  MaAsoaz, 


English 

Feet.    Inches. 

1    digit 

- 

. 

.    =     0       0-912 

4   digits      si  palm 

- 

m 

-   B     0       3-648 

3   pdms     a>l  span 

m 

- 

-   =     0     10^944 

2   spans      »!  cubit 

- 

- 

-    »      1        9-888 

4    cubits     S.1  fathom 

. 

. 

-   «      7       3-552 

14  fathoms  »1  reed  (Ecekiel's) 

. 

-   «    10     11-328 

1 J  reeds       ^  1  pole  (Arabian) 

- 

-    =.   14       7104 

0  poles       B=l  scoenus, 

or  measuring  line 

-   »145       1-104 
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I  dactylus,  or  digit 
4  dactyli  c 
24  palestre,  &c.  » 
1^  lichas  s 
l^  orthodoron  = 
]j  spithame 

II  pou8  i 
H  pygme 

H  pygon 

4     pecus  > 

100     orgy  a,  or  paces  : 

8     stadia,  &c.  > 


6   scnipula 

8   scrupula 

1^  duellum 

18   scrupulas 

l\  digit! 

S   uncisB 
4   palnue 
1]  pes,  or  foot 
1  j  palmipes 

1  j  cubits 

2  gradus 
2   passus 

25  passus 
8    stadia 


=     0 

'.     0 
.     0 

'    o 

'  0 

'.  0 

i  0 

>  0 

:        0 
:100 

'805 


Grzcian  Long  MxAsuas. 


I  doron,  or  dochme,  or  palesta 

1  lichas  ... 

1  orthodoron 

1  spithame    ... 

'■  1  pous,  or  foot 

■A  pygme,  or  cubit     - 

i]  pygons      ... 

:  1  pecus,  or  larger  cubit 

:  I  orgye,  or  pace 

:  1  stadium,  aulus,  or  furlong  - 

!  1  million,  or  mile 

Roman  Long  Measokz. 


sicilicum. 
duellum. 
semniaria. 

digitus  transversus  .  =s  0 

unciae,  or  inch        -  .  ss  0 

palma  minor          -  -  a  O 

pes,  or  foot             -  .  »  0 

palmipes                 -  -  »  0 

cubit          -             -  -  sss  0 

gradus      -             -  -  s  0 

passus        -             -  .  3s  0 

decempeda             -  .  a  1 

stadium     ...  »I20 

-  =967 


Kngliih 

Paces 

of  5  ft.     Ft.  In. 

«  0  0  0-7554 

0  3-0218 

0  7-5546 

0  8-3101 

0  9  0656 


1  0-0875 

1  1  -5984 

1  3-109 

1  613125 

6  0-525 

4  4-5 

5  0 


English 
Ft. 


In. 


0 
O 
0 
0 
1 
1 
2 
4 
4 
4 
0 


0-725 
0-967 
2-901 

11-604 
2-505 
5-406 
5-01 

10^02 
8-04 
4-5 
0 


milliare,  or  mile    - 

MzcRANics.  (Gr.  Mi^xoB^*  machine.)  That  science  in  natural  philosophy  treating  of  forces 
and  powers,  and  their  action  on  bodies,  either  directly  or  by  the  intervention  of  ma- 
chinery. The  theory  of  mechanics  is  founded  on  an  axiom  or  principle,  called  the 
law  of  inertia^  namdy,  that  a  body  must  remain  for  ever  in  a  state  of  rest,  or  in  a  state 
of  uniform  or  rectilineal  motion,  if  undisturbed  by  the  action  of  an  external  cause. 
Theoretical  mechanics  consists,  therefore,  of  two  parts :  —  Statiety  which  treats  of  the 
equilibrium  of  forces ;  and  dynamical  or  the  science  of  accelerating  or  retarding  forces, 
and  the  actions  they  produce.  (See  Book  II.  Chap.  I.  Sect.  8.)  When  the  bodies  under 
consideration  are  in  a  fluid  state,  these  equilibria  become  respectively  hydroataiict  and 
hydrodynamicg, 

Mbchanical  CAErsNTRT.  That  branch  of  carpentry  which  relates  to  the  disposition  of 
the  timbers  of  a  building  in  respect  of  their  relative  strength  and  the  strains  to  which 
they  are  subjected.     See  Book  II.   Chap.  I.   Sect.  1 1. 

Mechanical  Powers.     See  Machine. 

Mkdaluon.  a  square,  or,  more  properly,  a  circular  table,  on  which  are  embossed  figures, 
busts,  and  the  like. 

Medieval  AacHrrEcruEE.  The  architecture  of  England  and  the  Continent  during  the 
middle  ages,  including  the  Norman  and  early  Gothic  styles. 

Melsonby.     See  Aechitbcts,  list  of,  113. 

Member.  (Lat.)  Any  part  of  an  edifice  or  any  moulding  in  a  collection  of  mouldings, 
as  of  those  in  a  cornice,  capital,  base,  &e. 

MBNAaERiE.  (Fr.)  A  building  for  the  housing  and  preservation  of  rare  and  foreign 
animids.  The  ancient  Romans  of  opulence  usually  had  private  menageries,  a  sort  f£ 
small  park  attached  to  their  villa,  and  in  them  various  kinds  of  animals  were  placed. 

Mensuration.  (Lat)  Hie  science  which  teaches  the  method  of  estimating  the  magni- 
tudes of  lines,  superficies,  and  bodies.  See  Book.  II.  Chap.  I.  Sect  7.;  as  applied  to 
measuring  and  estimating  buildings,  see  Book  II.   Chap.  III.   Sect  14. 

Mercier,  nE.     See  ARCHrrBcrs,  list  of,  262. 

Meridian  I<ine.  A  line  traced  on  the  surface  of  the  earth  coinciding  with  the  intersection 
of  the  meridian  of  the  place  with  the  sensible  horison.  It  is  therefore  a  line  which  lies 
due  north  and  south.  In  Italy  we  often  find  these  lines  in  large  churches,  as  at  Santa 
Maria  del  Fiore  at  Florence,  the  Duomo  at  Bologna,  &c.  They  are  traced  on  brass  rods 
let  into  the  pavement  of  the  church,  and  marked  with  the  signs,  and  otherwise  graduated. 
A  hole  in  the  roof  permits  the  sun's  rays  to  fall  on  them  at  his  culmination,  thus  marking 
noon  as  well  as  his  height  each  day  in  the  heavens. 
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MxRLiANo.     See  ARcnmcra,  list  of,  S04. 

Mbkos.  (Gr.)  The  plane  fiu;e  between  the  channeh  in  the  triglypbs  of  the  Done 
order. 

Mbsaul^l  (Gr.)  Described  by  Vitruvius  as  itinera  or  passages;  they  were,  hoverer, 
smaller  courts.  ApoUonius  RJiodius,  in  describing  the  reception  of  the  Ar|poiiauts  at 
the  palace  of  Metea,  conducts  them  first  into  the  vestibule,  then  through  the  folding 
gates  Into  the  mesaula,  which  had  thalami  here  and  there,  and  a  portico  (aiBavffu)on  erery 
side. 

Meta.    (Lat.)     A  mark  or  goal  in  the  Roman  circus  to  which  the  chariots,  &c  ran. 

McTAL.  (  Gr.  MffToAAof. )  A  firm,  heavy,  and  hard  substance,  opaque,  fusible  by  fire,  and 
concreting  again  when  cold  into  a  solid  body  such  as  it  was  before  ;  generally  malleable 
under  the  hiunmer,  and  of  a  bright  glossy  and  glittering  substance  where  newly  cut  or 
broken.  The  metals  conduct  electricity  and  heat,  and  have  not  been  resolved  into  other 
forms  of  matter,  so  that  they  are  regarded  as  simple  or  elementary  substances.  Modem 
chemists  have  carried  the  number  of  metals  to  forty-two^  only  seven  whereof  were  known 
to  the  ancients ;  namely,  —  1.  Gold,  whose  symbol  is  thus  marked  0;  2.  ^alwr,  ^  ; 
S.  froHf  ^  ;  4.  Copper,  9  *  S,  Mercury,  $  ;  6.  Lead,  ^  ;  7.  TYa,  % .  The  meiaU  of  most 
use  in  building  are  treated  of  in  Book  II.   Chap.  II.   Sections  5,  6,  and  7. 

Mbtatomb.    (Gr.  Mrro,  and  Ttfum,  I  cut.)     The  space  or  interval  between  two  dentels. 

McTocHB.  (Probably  from  Mcrexoi,  I  divide.)  In  ancient  architecture  a  term  used  by 
Vitruvius  to  denote  the  interval  or  space  between  the  dentals  of  the  Ionic,  or  triglyplui 
of  the  Doric  order.  Baldus  observes  that  in  an  ancient  MS^  copy  of  that  author,  the 
word  metatome  is  used  instead  of  metoche.  This  made  Daviler  suspect  that  the  common 
text  of  Vitruvius  is  corrupt,  and  that  the  word  should  not  be  metoche  but  metatome^  as 
it  were  ieetion, 

MrrorA.  (  Gr.  Mcro,  between,  and  Ovi},'  a  hole. )  The  square  space  in  the  friese  between 
the  triglypbs  of  the  Doric  order :  it  is  left  either  plane  or  decorated,  according  to 
the  taste  of  the  architect.  In  the  most  ancient  examples  of  this  order  the  metopa  was 
left  quite  open,  whereof  notice  has  been  taken  at  p.  57.  in  the  body  of  the  work. 

Metrodosus.     See  AacHrracrs,  list  of,  52. 

MxizAKiNB.  (ItaL  Mezxano,  middle.)  A  story  of  snudl  height  introduced  between  two 
higher  ones. 

Mbxso  Rxlixvo.     See  Rjclixvo. 

MicHKLOSzi.     See  AJtcHrrxcTs,  list  of,  1 48. 

Middle  Post.     In  a  roo^  the  same  as  Kino  Post. 

Middle  Quarters  or  Columns.  A  name  given  to  the  four  quarters  of  a  column  divided 
by  horizontal  sections,  forming  angles  of  forty*five  degrees  on  the  plan. 

Middle  Rail.     The  rail  of  a  door  level  with  the  hand,  on  which  the  lock  is  usoally  fixed. 

Mile.  (Lat.  Mille  passuum,  a  thousand  paces.)  A  measure  of  lengtii  in  En^and  equal 
to  1760  yards.  The  Roman  pace  was  5  feet ;  and  a  Roman  foot  being  equal  to  1 1  *62 
modem  inches,  it  follows  that  the  ancient  Roman  mile  was  equivalent  to  1614  English 
yards,  or  very  nearly  eleven  twelfths  of  an  English  statute  mile.  The  measure  of  the 
English  mile  is  incidentally  defined  by  an  act  of  parliament  passed  in  the  35th  of  Elisa- 
beth, restricting  persons  from  erecting  new  buildings  within  three  miles  of  London,  in 
which  act  the  mile  is  declared  to  be  8  furlongs  of  40  perches  each,  and  each  perch  equal 
to  16)  feet 

Milk  Room.     See  DAxar. 

Millstone  Grit.  A  coarse  grained  quartzose  sandstone.  It  is  extracted  from  the  group 
of  strata  which  occur  between  the  mountain  limestone  and  the  superincumbent  ooal 
formations. 

MiNAEET.  (Arab.  Menarah,  a  lantern.)  A  slender  lofty  turret,  rising  by  different  stsgcs 
or  stories,  surrounded  by  one  or  more  projecting  balconies,  common  in  Mohammedan 
countries,  being  used  by  the  priests  for  summoning  (from  the  balconies)  the  people  to 
prayers  at  stated  periods  of  the  day. 

Minion.  An  iron  ore  which,  mixed  with  a  proper  quantity  of  lime,  makes  an  excellent 
water  cement 

Minster.  A  church  to  which  an  ecclesiastic^  fraternity  has  been  or  is  attached.  The 
name  is  applied  occasionally  to  cathedrals,  as  in  the  case  of  York  Minster. 

Minute.  (LAt.)  A  term  given  to  the  sixtieth  part  of  the  lower  diameter  of  a  column, 
being  a  subdivision  used  for  measuring  the  minuter  parts  of  an  order. 

MiscuiA.     See  Scaoliola. 

MiTCHEL.  A  name  given  by  workmen  to  Purbeck  stones  of  twenty-four  by  fifteen  inches 
when  squared  for  building. 

Miter  or  Mitrx.     See  Bevel. 

Miter  Box.     See  Box  rok  Miter. 

Mixed  AmqleI     An  angle  of  which  one  side  is  a  curve  and  the  other  a  straight  line. 

Mixed  Figure.     One  composed  of  straight  lines  and  curves,  being  neither  entirely  the 
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sector  nor  the  segment  of  a  circle,  nor  the  sector  nor  segment  of  an  ellipsis,  nor  a 
parabola,  nor  an  hyperbola. 

Mnksiclks.     See  Architicts,  list  of,  14. 

Mnbstbks.     See  Architects,  list  of,  20. 

Moat.   (Lat.)     An  excavated  reservoir  of  water  surrounding  a  house,  castle,  or  town. 

MoDBL.  (Lai.)  An  original  or  pattern  proposed  for  any  one  to  copy  or  imitate.  Thus 
St.  Paul's  may  be,  though  not  strictly  so,  said  to  be  built  after  the  model  of  St.  Peter's 
at  Rome. 

The  word  is  also  used  to  signify  an  artificial  pattern  made  of  wood,  stone,  plaster,  or 
other  material,  with  all  its  parts  and  proportions,  for  the  satisfiiction  of  the  proprietor,  or 
for  the  guide  of  the  artificers  in  the  execution  of  any  great  work.  In  all  great  buildings, 
the  only  sure  method  of  proceeding  is  to  make  a  model  in  relievo,  and  not  to  trust  en- 
tirely to  drawings. 

MoDiLLioN.  (Fr.)  A  projection  under  the  corona  of  the  richer  orders  resembling  a 
bracket.  In  the  Grecian  Ionic  there  are  no  modillions,  and  they  are  seldom  found  in 
the  Roman  Ionic.  Tliose  in  the  frontispiece  of  Nero  at  Rome  consist  of  two  plain  faces 
separated  by  a  small  cyma  reversa,  and  crowned  with  an  ovolo  and  bead.  In  the  firieze 
of  the  fourth  order  of  the  Coliseum,  the  modillions  are  cut  in  the  form  of  a  cyma  reversa. 
For  further  information  on  the  subject  the  reader  may  refer  to  p.  797.  in  the  body 
of  the  work. 

Modular  Proportiok.     That  which  is  regulated  by  a  module.     See  Modulb. 

Modulation.    (Lat.)     The  proportion  of  the  dififerent  parts  of  an  order. 

MoDULx.  (Lat.)  A  measure  which  may  be  taken  at  pleasure  to  regulate  the  proportions 
of  an  order,  or  the  disposition  of  the  whole  building.  The  diameter  or  semi-diameter  of 
the  column  at  the  bottom  of  the  shaft  has  usually  been  selected  by  architects  as  their 
module ;  and  this  they  subdivide  into  parts  or  minutes.  Vignola  has  divided  his  module, 
which  is  a  semi^diameter,  into  12  parts  for  the  Tuscan  and  Doric,  and  into  18  for  the 
other  orders.  The  module  of  Palladio^  Cambray,  Desgodetx,  Le  derc,  and  others,  is 
divided  into  30  parts  or  minutes  in  all  the  orders.  Some  have  divided  the  whole  height 
of  the  column  into  20  parts  for  the  Doric,  22^  for  the  Ionic,  25  for  the  Corinthian,  &c., 
one  whereof  is  taken  for  the  module  by  which  the  other  parts  are  to  be  r^ulated. 

There  are  two  ways  by  which  the  measures  or  proportions  of  buildings  may  be  deter- 
mined, first,  by  a  constant  standard  measure,  which  is  commonly  the  diameter  of  the 
lower  part  of  the  column,  termed  a  module,  and  subdivided  into  sixty  parts  called  minutes. 
In  the  second  there  are  no  minutes,  nor  any  certain  or  stated  divisions  of  the  module,  but 
it  is  divided  into  as  many  parts  as  may  be  deemed  requisite.  Thus  the  height  of  the 
Attic  base,  which  is  half  the  module,  is  divided  into  three  to  obtain  the  height  of  the 
plinth,  or  into  four  for  that  of  the  greater  torus,  or  into  six  for  that  of  the  lesser  torus. 
Both  these  species  of  measurement  have  been  used  by  ancient  as  well  as  modern  archi- 
tects, but  the  latter  was  that  chiefly  used  by  the  ancients,  and  was  preferred  by  Perrault. 
Vitruvius  having  lessened  his  module  in  the  Doric  order,  which  in  the  other  orders  is 
the  diameter  of  the  lower  part  of  the  column,  and  having  reduced  the  great  module  to  a 
mean  one,  which  is  a  semi-diameter,  Perrault  reduces  the  module  to  a  third  part  for  a 
similar  reason,  namely,  that  of  determining  the  different  measurements  without  a  frac- 
tion. Thus,  in  the  Doric  order,  besides  that  the  height  of  the  base,  as  in  the  other 
orders,  is  determined  by  one  of  these  mean  modules,  that  same  module  furnishes  the 
height  of  the  capital,  architrave,  triglyphs,  and  metopas.  But  the  smaller  module  obtained 
from  a  third  of  the  diameter  of  the  lower  part  of  the  column  lias  uses  considerably  more 
extensive,  inasmuch  as  by  it  the  heights  of  pedestals,  of  columns,  and  entablatures  in  all 
the  orders  may  be  obtained  without  a  fraction 

Modulus  of  Elasticitt.  A  term  in  relation  to  elastic  bodies,  which  expresses  the  weight 
of  themselves  continued,  which  would  draw  them  to  a  certain  length  without  destroying 
their  elastic  power. 

Mols.   (Sax.)     A  pier  of  stone  for  the  shelter  of  ships  from  the  action  of  the  waves. 

Amongst  the  Romans  the  term  was  applied,  as  in  the  case  of  the  mole  of  Adrian  (castle 
of  St.  Angelo  at  Rome),  to  a  kind  of  circular  mausoleum. 

MoMKNTUM.  (Lat.)  The  impetus,  force,  or  quantity  of  motion  in  a  moving  body.  The 
word  is  sometimes  used  simply  for  the  motion  itself. 

MoNASTXRT.  A  house  for  the  reception  of  religious  devotees,  but  more  properly  applied  to 
one  for  the  habitation  of  monks. 

MoMKET.     See  Fistuca. 

Monolithal.  (Gr.  Mwos,  one,  AiOos,  a  stone.)  A  work  consisting  of  a  single  stone ;  such 
works  are  found  in  many  parts  of  the  world. 

Monotteral.  (Gr.)  A  spt^cies^of  temple  of  a  round  form,  which  had  neither  walls  nor 
cella,  but  only  a  cupola  sustained  by  columns.      See  Tkmplx. 

MoNOTRioLrra.  (Gr.)  A  terra  applied  to  an  intercolumniation  in  which  only  one  tri- 
glyph  and  two  metopse  are  introduced. 
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MoMTBRKAU,  Ds.     See  A&chitbcts,  list  of,  116. 

MoMUMBMT.  (Lat.  Moneo.)  A  structure  raised  to  perpetuate  the  memory  of  some  emi- 
nent person,  or  to  scnrve  as  a  durable  token  of  some  extraordinary  event.  Monuments  at 
first  consisted  of  stones  built  over  the  graves  of  the  dead,  on  which  were  engraved  the 
name  and  frequently  a  description  of  ^e  actions  of  the  persons  whose  memory  they  are 
to  record.  Monuments  were  differently  formed.  Thus  some  are  pyramids,  ocbers 
obelisks;  in  some  cases  a  square  stone,  in  others  a  eireular  oobmm  serves  tfie  pur- 
pose. 

MooasTONB.  A  spedes  of  granite  found  in  Cornwall  and  some  other  parts  of  England,  and 
very  serviceaUe  in  the  coarser  parts  of  a  building.  Its  colours  are  chiefly  black  and 
white,  and  it  is  very  coarse.     In  some  parts  of  Ireland  immense  beds  of  it  are  found. 

MoRCSQUB  AacMiTBCTuaB.  The  style  of  building  peculiar  to  the  Moors  and  Arabs.  See 
Araiian  Architrcturb,  Book  I.   Chap.  II.  Sect.  10. 

The  word  Moresque  is  also  applied  to  a  kind  of  painting  in  that  style  used  by  the 
Moors.  It  consists  in  many  grotesque  pieces  and  compartments,  promiscuously,  to  ^>- 
pearance,  put  tosether,  but  without  any  perfect  figure  of  man  or  animal.  The  style  is 
sometimes  called  Arabegque. 

Mortar.  (Dutch,  Morter.)  The  calcareous  cement  used  in  building,  compounded  of 
burnt  limestone  and  sand.     See  Book  II.  Chap.  II.  Sect,  la 

MoRTicB  or  MoRTisB.  (Fr.  Mortoise,  probably  firam  the  Latin  Mordeo,  to  bite.)  In  car- 
pentry and  Joinery,  a  recessed  cutting  within  the  surfiwe  of  a  piece  of  timber,  to  receive  a 
projecting  piece  called  a  tenon,  left  on  the  end  of  another  piece  of  timber,  in  order  to  fix 
the  two  together  at  a  given  angle.  The  sides  of  the  mortice  are  generally  four  planes  at 
right  angles  to  each  other  and  to  the  surfiuie,  whence  the  excavation  is  made. 

Mosaic.  (It.  Mosuco.)  A  mode  of  representing  objects  by  the  inlaying  of  small  cubes  of 
glass,  stone,  marble,  shells,  wood,  &c.  It  was  a  species  of  work  much  in  repute  among 
the  ancients,  as  may  be  gathered  from  the  numerous  remains  of  it.  It  is  supposed  to 
have  originated  in  the  east,  and  to  have  been  brought  from  Phoenicia  to  Greece,  and 
thence  carried  to  Rome.  The  term  Mosaic  work  is  distinguished  firom  tnarqmehy  by 
being  only  applied  properly  to  works  of  stone,  metal,  or  glass.  The  art  continues  to  be 
practised  in  Italy  at  the  present  day  with  great  success. 

MosQOB.  (Turk.  Moschet.)  A  Mohammedan  temple  or  place  of  worship.  The  earliest 
Arabian  mosques  were  decorated  with  ranges  of  a  vast  number  of  columns,  often  belong- 
ing originally  to  other  buildings.  Those  i^  the  Turks,  on  the  other  hand,  are  more  dis- 
tinguished for  the  size  and  elevation  of  their  principal  cupolas.  Each  mosque  is  provided 
with  a  minaret,  and  commonly  with  a  fountain  of  water,  with  numerous  basins  Sdt 
ablutions. 

MonoN.     See  Architbcts,  list  of,  170. 

Mould.   A  term  used  to  signify  a  pattern  or  contour  by  which  any  work  is  to  be  wrought. 

The  g}<izUr*8  mouldg  are  of  two  sorts,  one  whereof  is  used  for  casting  the  lead  into 

long  rods  or  eamea,  fit  for  drawing  through  the  vice  in  which  the  grooves  are  formed. 

This  they  sometimes  call  the  tn^  moukL     The  other  is  for  moulding  the  small  pieces  of 

lead,  a  line  thick  and  two  lines  broad,  which  are  fastened  to  the  iron  bars  of  casements. 

The  nuuon*8  mould,  also  called  caliber,  is  a  piece  of  hard  wood  or  iron,  hollowed  on 
the  edge,  answering  to  the  contours  of  the  mouldings  or  cornices  to  be  formed.  Tlie 
ends  or  heading  joints  being  formed  as  in  a  cornice  by  means  of  the  mould,  the  inter- 
mediate parts  are  wrought  down  by  straight-edges,  or  circular  templets,  as  the  work  is 
straight  or  circular  on  the  plan.  Mlien  the  intended  sur&oe  is  required  to  be  very  exact, 
a  reverse  mould  is  used,  in  order  to  prove  the  work,  by  applying  Uie  mould  in  a  trans- 
verse direction  of  the  arrises. 

Moulds,  among  plumbers,  are  the  tables  on  which  they  cast  their  sheets  of  lead,  and  are 
simply  called  tables.     They  have  others  for  casting  pipes  without  solderiog. 
The  moulds  for  foundery  are  described  Book  II.  Chap.  III.  Sect  11. 

MouLDiMQs.  The  ornamental  contours  or  forms  applied  to  the  edges  of  the  projecting  or 
receding  members  of  an  order.  The  regular  mouldings  are  the  JiSel,  Ustd,  or  annmieti 
the  astrapal,  or  beadi  the  torus,  the  Scotia^  or  trochihts ;  the  echinus,  ovolo,  or  quarler- 
round ;  the  eyma  renersa,  inverted  cynut,  or  ogee ;  the  cyma  recta,  the  catfetto,  or  koBom. 
See  p.  684. 

Mouldings  are  divided  into  two  classes  —  Grecian  and  Roman,     llie  first  are  formed 
by  some  conic  section,  as  a  portion  of  an  ellipse  or  hyperbola,  and  sometimes  even  of  a 
straight  line  in  the  form  of  a  chamfer.     The  Roman  mouldings  are  formed  by  arcs  of 
circles,  the  same  moulding  having  the  same  curvature  throughout. 
For  Norman  mouldings,  see  p.  174. 

Mouth,  Bird's.     See  Bird*s  Mouth. 

MuEL,  LB.     See  Architbcts,  list  of,  254. 

MuLLioN  or  MuMMioK.  In  pointed  architecture,  the  vertical  post  or  bar  which  divides  a 
window  into  several  lights. 
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M0MIMBKT  Housx.  A  strong»  properly  fire-proof,  apartment  in  puUic  or  priyate  build- 
ings, for  the  keeping  and  preservation  of  evidences,  charters,  seals,  &c.,  called  muni- 
ments. 

MuaAL.  (Lat.)  Belonging  to  a  wall.  Thus  a  monumental  tablet  affixed  to  a  wall  is 
called  a  mural  monument ;  an  arch  inserted  into  or  attached  to  a  wall  is  called  a  mural 
arch  i  and  columns  placed  within  or  against  a  wall  are  called  mural  eohamu. 

MussuM.  (Gr.  Movo-fioy.)  A  repository  of  natural,  scientific,  and  literary  curiosities,  or 
of  works  of  art.     See  Book  III.  Chap.  III.  Sect.  10. 

MusTius.     See  AacHiTEcrs,  list  of,  45. 

Mutilated  Coxnicx.     One  that  is  broken  or  discontinued. 

Mutilation.  (Lat.)  The  defiu;ing  or  cutting  away  of  any  regular  body.  The  word  is 
applied  to  statues  and  buildings  where  any  part  is  wanting. 

MuTxus,  C.    See  Axchitkcts,  list  o£,  31. 

MuTULX.  (Lat.)  A  projecting  ornament  of  the  Doric  cornice,  which  occupies  the  place 
of  the  modillion  in  the  other  order,  and  9upposed  to  represent  the  ends  of  rafters.  The 
mutule  has  always  been  assumed  as  an  imitation  of  the  end  of  a  wooden  rafter ;  hence, 
say  the  advocates  for  a  timber  type,  they  are  properly  represented  with  a  declination 
towards  the  front  of  the  coronas. 

Mtlne.    See  Ahchitxcts,  list  o^  311. 

N. 

Nail.  (Sax.  Nsesd.)  A  small  metal  spike  for  fiutening  one  piece  of  timber  to  another. 
The  sorts  of  nails  are  very  numerous.  The  principal  are  here  enumerated.  Back  naiU, 
whose  shanks  are  flat  so  as  to  hold  &st  but  not  <^en  the  wood,  damp  naiUt  are  fi>r 
fastening  clamps.  CZeup  naiUt  or  bradsj  are  those  with  flatted  heads,  so  that  they  may 
clasp  the  wood.  They  also  render  the  wood  smooth,  so  as  to  admit  of  a  plane  going  over 
it.  The  sorts  of  most  common  use  in  building  are  known  by  the  names  of  ten-penny, 
twenty-penny  and  two-shilling  naile.  Clench  naiU  are  such  as  are  used  by  boat  and  barge 
builders,  sometimes  with  boves  or  nuts,  but  often  without.  Tliey  are  made  with  clasp 
heads  for  fine  work,  or  with  the  head  beat  flat  on  two  sides.  Gout  naila,  used  for  nailing 
clouts  on  axle-trees,  are  flat  headed,  and  iron  work  is  usually  nailed  on  with  them.  DecA 
nails,  for  fastening  decks  in  ships  and  floors  nailed  with  planks.  Dog  or  jobeat  naUs,  for 
fastening  the  hinges  of  doors.  See.  Fiat  points  are  of  two  sorts,  long  and  short  i  the 
former  much  used  in  shipping,  and  useful  where  it  is  necessary  to  hold  fast  and  draw 
without  requiring  to  be  clenched ;  the  latter  are  furnished  with  points  to  drive  into  hard 
wood.  Laxd  ntals,  used  for  nailing  lead,  leather,  and  canvas  to  hard  wood,  are  the  same 
as  clout  nails  dipped  in  lead  or  solder.  Port  nails,  for  nailing  hinges  to  the  ports  of 
ships.  Ribbing  nails,  used  for  fiutening  the  ribbing  to  keep  the  ribs  of  ships  in  their 
place  while  the  ship  is  building.  Rose  nails  are  drawn  square  in  the  shank.  Rother  nails, 
chiefly  used  for  fastening  rother  irons  to  ships.  Scupper  nails,  much  in  use  for  fitftening 
leather  and  canvas  to  wood.  Sharp  nails,  much  used  in  the  West  Indies,  and  made  with 
sharp  points  and  flat  shanks.  Sheathing  nails,  for  fastening  sheathing  boards  to  ships ; 
their  length  is  usually  three  times  the  thickness  of  the  board.  Square  nails  are  of  the 
same  shape  as  sharp  niuls,  chiefly  used  for  hard  wood.  Brads  are  long  and  slender  nails 
without  heads,  used  for  thin  deal  work  to  avoid  splitting.  To  these  may  be  added  tacks, 
the  smallest  sort  whereof  serve  to  fasten  paper  to  wood;  the  middling  for  medium  work ; 
and  the  larger  size,  which  are  much  used  by  upholsterers.  These  are  known  by  the  name 
of  white  tacks,  two-penny,  three-penny,  and  four-penny  tacks.     See  Adhesion. 

Nail-hxadxd  Moulding.  One  common  in  Norman  buildings,  and  so  called  from  being 
formed  by  a  series  of  projections  resembling  the  heads  of  nails  or  square  knobs.  See 
p.  174. 

Naked.  A  term  applied  either  to  a  column  or  wall  to  denote  the  fiu$e  or  plain  surface 
from  which  the  projections  rise. 

Naked  Flooring.     See  p.  540. 

Naked  of  a  Wall.  The  remote  face  whence  the  projections  take  their  rise.  It  is  gene- 
rally a  plain  sur&ce,  and  when  the  plan  is  circular  the  naked  is  the  surfiwe  of  a  cylwder 
with  its  axis  perpendicular  to  the  horixiHi. 

Naosot  Nave.   (Gr.  Noos.)     See  Cell. 

Natural  Bed  of  a  Stonx.  The  sur&ce  horn  which  the  laminae  were  separated.  In  all 
masonry  it  isUmportant  to  its  duration  that  the  laminag  should  be  placed  perpendicular 
to  the  fiMe  of  the  work,  and  parallel  to  the  horixon,  inasmuch  as  the  connecting  substance 
of  these  lamiiue  is  more  friable  than  the  laminie  themselves,  and  therefore  apt  to  scale  off 
in  large  flakes,  and  thus  induce  a  rapid  decay  of  the  work. 

Naumachia.  (Gr.  from Novs,  a  ship,  and  Maxnt  a  battle.)  In  ancient  architecture,  a  place 
for  the  show  of  mock  sea  engagements,  little  different  from  the  circus  and  amphitheatre^ 
since  this  species  of  exhibition  w^s  often  displayed  in  those  buildingSw 
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Nave.  (Or.  Naof.)  Hm  body  of  a  church  or  place  where  the  people  are  seated,  reaehieg 
from  the  rail  or  partition  of  the  choir  to  the  principal  entrance.     See  Cb].l. 

Nkbult  Moulding.  (Lat.  Nebula.)  An  ornament  in  Norman  architecture,  whoeeedge 
forms  an  undulating  or  wavy  line,  and  introduced  in  corbel  tables  and  archiTolta.  See 
p.  174. 

NscK  or  A  CAriTAL.  Tlie  space,  in  the  Doric  order,  between  the  astragal  oo  the  riiaft 
and  the  annulet  of  the  capital.  Some  of  the  Ghrecian  Ionic  capitals  are  with  necks 
below  them,  as  in  the  examples  of  Minerva  Polias  and  Erectheus,  at  Athens.  But  the 
Ionic  order  has  rarely  a  neck  to  the  capitaL 

Nkkdlb.  An  horisontal  piece  of  timber  senring  as  a  temporary  support  to  some  super- 
incumbent weight,  as  a  pier  of  brickwork,  and  resting  upon  posts  or  sAores,  while  the 
lower  part  of  a  wall,  pier,  or  building  is  being  underpmned  or  repaired. 

NsavuaKs.  A  name  given  by  French  architects  to  the  ribs  bounding  the  sides  of  a  groined 
compartment  of  a  vaulted  roof,  as  distinguished  from  the  ribs  which  diagonally  croes  the 
compartment. 

NaT  MxAsuac  That  in  which  no  allowance  is  made  for  finishing,  and  in  the  work  of 
artificers,  when  no  allowance  is  made  for  the  waste  of  materials. 

NawcL.  The  upright  cylinder  or  pillar,  round  which,  in  a  winding  staircase,  tiie  steps 
turn,  and  are  supported  from  the  bottom  to  the  top.  In  stairs,  geometrical  for  imtfanee^ 
where  the  steps  are  pinned  into  the  wall,  and  there  is  no  central  pillar,  the 
said  to  have  an  open  newel. 

NicHK.   (Fr.  probi^ly  fit>m  Nco<r<rfa,  a  nest.)    A  cavity  or  hollow  place  in  the 
a  wall  for  the  reception  of  a  statue,  vase,  &c     See  Book  III.  Chap.  I.  Sect.  91. 

Nicola  da  Pisa.     See  AacHrracrs,  list  of,  ISl. 

NicoN.     See  AacHrrxcrs,  list  of,  51. 

NiDOSD  AsHLAE.  A  spccics  of  ashlar  used  in  Aberdeen.  It  is  brought  to  the  square  by 
means  of  a  cavil  or  hammer  with  a  sharp  point,  which  reduces  the  roughness  of  the 
stone  to  a  degree  of  smoothness  according  to  the  time  employed.  When  stone  is  so  hard 
as  to  resist  the  chisel  and  mallet,  the  method  described  is  the  only  way  in  which  it  can 
be  dressed. 

Noos.  The  same  as  Wood  BaicKs,  which  see.  The  term  is  chiefly  used  in  the  north  of 
England. 

NoaoiNO.    A  species  of  brickwork  carried  up  in  pands  betweoi  quarters. 

NooGiNO-riscKs.  Horisontal  boards  laid  in  brick-nogging,  and  nailed  to  the  quarters 
for  strengthening  the  brickwork.  They  are  disposed  at  equal  altitudes  in  the  brick- 
work. 

NoNAGOK.    (  Or. )     A  geometrical  figure  having  nine  sides  and  nine  angles. 

Normal  Lins.    In  geometry,  one  which  stands  at  right  angles  to  another  line. 

Norman  ARCHrrxcruRB.     See  Book  I.  Chap.  III.  &et,  %. 

NoRMAND.    See  Architkcts,  list  of^  178. 

Nosing  or  a  Srsr.  The  projecting  part  of  the  tread-board  or  cover  which  stands  before 
the  riser.  The  nosing  is  generally  rounded,  so  as  to  have  a  semicircular  section ;  and 
in  the  better  sort  of  staircases  a  fillet  and  hollow  is  placed  under  the  nosing. 

Notch-board.  A  board  which  is  grooved  or  notched  for  the  recepUon  and  support  of  the 
ends  of  steps  in  a  staircase. 

Notching.  A  hollow  cut  from  one  of  the  fiwes  of  a  piece  of  timber,  generally  made 
rectangular  in  section. 

Nucleus.  (Lat.)  In  ancient  architecture,  the  internal  part  of  a  floor,  whidi  consisted  of 
a  strong  cement,  over  which  the  pavement  was  laid  with  mortar. 

NTMrHAUM.  (Or.)  A  name  used  by  the  ancients  to  denote  a  picturesque  grotto  in  a  rocky 
or  woody  place,  supposed  to  be  dedicated  to,  and  frequented  by,  the  nymphs.  The 
Romans  often  made  artificial  nymphaea  in  their  gardens.  In  Attica,  the  remains  of  a 
nymphaeum  are  still  to  be  seen  decorated  with  inscriptions  and  bassi  rdieri,  from  the  rude 
workmanship  of  which  it  may  be  presumed  that  the  grotto  is  of  very  andent  date. 

» 

O. 

Oak.  (Sax.  Ac,  McS)  A  forest  tree,  whose  timber  is,  fit>m  its  strength,  hardness,  and  dura- 
bility, the  most  usefril  of  all  in  building.     See  Book  II.  Chap.  II.  Sect.  4. 

OsxLisK.  (Probably  frtmi  O^cAot,  a  spit,  brooch,  or  spindle,  or  a  long  Javdin.)  A  lofty 
pillar  of  a  rectangular  form,  diminishing  towards  the  top,  and  generally  ornamented  with 
inscriptions  and  hieroglyphics.  The  upper  part  finishes  generally  with  a  low  pyramid, 
called  a  pyramidion.  The  proportion  of  the  thickness  to  the  height  is  nearly  the  same 
in  all  obelisks ;  that  is,  between  one  ninth  and  one  tenth,  and  their  tiiickness  at  top  is 
never  less  than  half,  nor  greater  than  three  fourths,  of  that  at  bottom.  Egypt  abounded 
with  obelisks,  which  were  always  in  a  ungle  block  of  stone;  and  many  have  been  removed 
thence  to  Rome  and  other  places.     The  following  table  exhibits  a  list  of  the  principal 
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obeliakfl  whereof  there  is  say  record,  or  which  are  at  present  known,  being  thirty-three 
in  number. 


Sltoaikm. 


Two  large  obelisks,  mentioned  by  Diodorus  Siculus  - 
Two  obelisks  of  Nuncoreus,  son  of  Sesostris,  according 

to  Herodotus,  Diodorus  Siculus,  and  Pliny  - 
Obelisk  of  Rhameses,  removed  to  Rome  by  Constantius 
Two  obelisks,  attributed  by  Pliny  to  Smerres  and  Era^ 

phius  ...... 

Obelisks  of  Nectanabis,  erected  near  the  tomb  of  Arsinoe 

by  Ptolemy  Philadelphus     .... 
Obelisk  of  Constantius,  restored  and  erected  in  front  of 

S.  Giovanni  Laterano  at  Ronse         ... 
Part  of  one  of  the  obelisks  of  the  son  of  Sesostris,  in  the 

centre  of  the  piazza  in  front  of  St.  Peter's 
Two  at  Luxor  ..... 

Obelisk  of  Augustus  from  the  Circus  Maximus,  now  in 

the  piazza  del  Popola  at  Rome  ... 

Two  in  the  ruins  at  Tliebes,  still  remaining 
Obdisk  of  Augustus,  raised  by  Pius  VI.  in  the  Piazza 

di  Monte  Citorio      ..... 
Two  obelisks,  one  at  Alexandria,  vulgarly  called  Cleo- 
patra's Needle,  and  the  other  at  Ileliopolis   - 
Obelisk  by  Pliny,  attributed  to  Sothis 
Two  obelisks  in  Uie  ruins  of  Thebes     ... 
Great  obelisk  at  Constantinople  ... 

Obelisk  in  the  Piazza  Navona,  removed  from  the  Circus 

of  Caracalla  ..... 

Obelisk  at  Aries  ..... 

Obelisk  from  the  Mausoleum  of  Augustus,  now  in  frvmt 

of  the  church  of  Sta.  Maria  Ma^^ore  at  Rome 
Obelisk  in  the  gardens  of  Sallust,  according  to  Mercati 
Obelisk  at  Bijije  in  Egypt       .... 
Small  obelisk  at  Constantinople,  according  to  Gyllius  - 
The  Barberini  Obelisk  .... 

Obelisk  of  the  Villa  Mattel  .... 
ObeUsk  in  the  Piazza  della  Rotunda  ... 
Obelisk  in  the  Piazza  di  Minerva  ... 
ObeUsk  of  the  Villa  Medici     .  .  .  . 


Thickness. 

Hdght. 

At  top. 

Below. 

Bnff.Feet. 

Eng.  Feet. 

Eng.  Feet 

158*2 

7-9 

11-8 

121-8 

6-6 

10-5 

118^ 

6-2 

10-2 

106O 

5-9 

9-8 

1055 

5-3 

9-2 

105-5 

6-2 

9-6 

82-4 

5-8 

9-4 

791 

5-3 

8-0 

78-2 

4-5 

7-4 

72-8 

5-0 

7-5 

71-9 

4-9 

7*9 

67  1 

51 

81 

63-3 

4-5 

51 

63 '3 

4-5 

51 

59-7 

4-5 

7-2 

54-9 

2-9 

4  5 

501 

4-3 

7-4 

48 -S 

2-9 

4-3 

48*3 

2-9 

4-8 

42-9 

2-6 

4-2 

34-2 

3-9 

5-9 

30-0 

2-2 

3-9 

26-4 

2-2 

2-7 

20-1 

2-1 

2-4 

17-6 

2-0 

2*6 

16-1 

1-9 

2-4 

Obuqux  Limx.     One  which  stands,  in  respect  to  another,  at  a  greater  angle  than  ninety 
degrees. 

Obuqux  Amolx.     One  that  is  greater  or  less  than  a  right  angle. 

Obuqcx-amolkd  TaiANGLx.     One  that  has  no  right  angle. 

Obliqux  Axchxs.     Such  as  cross  an  opening  obliquely  to  the  front  fiuM  of  it. 

Oblono.     a  rectangle  of  unequal  dimensions. 

Obsxxvatobt.  (Fr.)     A  building  for  the  reception  of  instruments  and  other  matters  for 
observing  the  heavenly  bodies.     See  Book  III.  Chap.  III.  Sect.  11. 

Obtusx.  (Lat.)     Any  thing  that  is  blunt 

OBTUsx-AMOLxn  TxiAXGLX.     One  which  has  an  obtuse  angle. 

Obtusx  Sbctioh  or  a  Conx.     Among  tiie  ancient  geometricians  a  name  given  to  the  hy. 
perbolsu 

Octagon.  (Gr.  Oicrwand  Twut,  angle.)     A  figure  having  eight  sides  and  eight  angles. 

OcTARXDxoN.  (Gr.)     One  of  the  five  regular  bodies  bounded  by  eight  equal  and  equila- 
teral triangle. 

OcTAsrrvLx.  (Gr.  Omt«  andSrvAos.)     That  species  of  temple  or  building  having  eight 
columns  in  front.     See  Colonnadx. 

OnxuM.  (Gr.)     Among  the  Greeks,  a  species  of  theatre  wherein  the  poets  and  musicians 
rehearsed  their  compositions  previous  to  the  public  production  of  them. 

Ooa     See  Architkcts,  list  oC,  88. 

Oxcus.     See  Hall. 

3T 


1010  GLOSSARY,  ETC. 

Orricca.     The  apartments  wherein  the  domestics  discharge  the  serend  duties  attaeiied  to 

the  senrice  of  a  houie ;  as  kitchens,  pantries,  brewhouses,  and  the  Ulce. 
OrrstTS.     The  horizontal  projections  from  the  ftces  of  the  different  parts  of  a  wall  where 

it  increases  or  dtminiibes  in  thickness. 
OoKi.     A  moulding,  the  same  as  the  CncA  axvusA,  which  see. 
OojTB.     A  tenn  used  by  French  architects  to  denote  the  Gothic  vault,  with  its  ribs  and 

cross  springers,  Ac 
Ololsaoo.     See  AacanxcTS,  list  o(  194. 
Oks  pais  of  SrAias.     An  expression  signiiying  the  first  story  or  floor  above  that  floor  lerel 

with,  or  raised  only  by  a  few  steps  above,  the  ground,  which  latter  is  thence  called  the 

ground  floor. 
Orm,  (Gr.  Omi.)     The  beds  of  the  beams  of  a  floor  or  roof  between  which  are  the  Mb- 

TOPJB,  which  see. 
Opkmimos.  (Sax.)     Those  parts  of  the  walls  of  a  building  which  are  unfilled  fi>r  admitting 

light,  ingress,  egress,  &c.     See  ArxRTUEX. 
OrisTHODOMus.  (Gr.)     The  same  as  the  Roman  potHeym,  being  the  enclosed  space  behind 

a  temple. 
Oprosrrx  Aholks.     "Hiose  fiirmed  by  two  straight  lines  crossing  each  other,  but  not  two 

adjacent  angles. 
Opposrra  Coxss.     Those  to  which  a  straight  line  can  be  applied  on  the  surflwes  of  both 


Oppositb  SacnoNS.     Tlie  sections  made  by  a  plane  cutting  two  opposite  cones. 

Omc  Ptramid.  In  perspective^  that  formed  by  the  optic  rays  to  every  point  of  an  ob- 
ject 

Omc  Rats,     lliose  which  diverge  from  the  eye  to  every  part  of  an  original  ofageet. 

OaAMGBar.  A  gallery  or  building  in  a  garden  or  parterre  opposite  to  the  soutii.  See 
GaxKN-HOusK.  The  most  magnificent  orangery  in  Europe  is  that  of  Versailles,  which  is 
of  the  Tuscan  order,  and  with  wings. 

OaATOET.  (Lat)  A  small  apartment  in  a  house,  furnished  with  a  small  altar,  cmetfiz, 
&C.,  lor  private  devotion.  The  ancient  oratories  were  small  chapels  attached  to  monas- 
teries, in  which  the  monks  oflfered  up  their  prayers.  Towards  the  rixth  and  seventh 
centuries  the  oratory  was  a  small  church,  built  frequently  in  a  burial  place,  without  either 
baptistery  or  attached  priest,  the  service  being  performed  by  one  occasionally  sent  for  that 
purpose  by  the  bishop. 

Oas.  (Lat.  Orbis.)  A  knot  of  foliage  or  flowers  placed  at  the  intersection  of  the  ribs  of  a 
Gothic  ceiling  or  vault  to  conceal  the  mitres  of  the  ribsL 

Orchxstea.  (Gr.  Opxtofuu.)  In  ancient  architecture,  the  place  in  the  theatre  where  the 
chorus  danced.  In  modem  theatres  it  is  the  enclosed  part  of  a  theatre,  or  of  a  muric- 
room  wherein  the  instrumental  and  vocal  performers  are  seated. 

OacHXTARDx.     See  AacHrrscrs,  list  of,  160. 

Oedkr.  (Lat)  An  assemblage  of  parts,  consisting  of  a  base,  shaft,  capital,  ardiitrave^ 
fnexe,  and  cornice,  whose  several  services  requiring  some  dirtinction  in  strength,  have 
been  contrived  in  five  several  species  —  Tuscan,  Doric,  Ionic,  Corinthian,  and  Com- 
posite ;  each  of  these  has  its  ornaments,  as  weU  as  its  general  fiibrie,  proportioned  to  its 
strength  and  use.  There  are  five  orders  of  architecture,  the  proper  understanding  and 
application  whereof  constitute  the  foundation  of  all  excellence  in  the  art  See  Book  III. 
Chap.  I.   Sect.  2.  on  the  Ordxrs  generally. 

Ordxr,  Compositc     See  Book  III.  Chap.  I.  Sect  7. 

Order,  Corinthian.     See  Book  IIL  Chap.  I.  Sect  6. 

Order,  Doric.     See  Book  III.  Chap.  I.  Sect  4. 

Order,  Ionic.     See  Book  III.  Chap.  1.  Sect.  5. 

Obdbe,  Tuscan.     See  Book  III.  Chap.  I.  Sect  S. 

Oeders  above  Oroees.     See  Book  III.  Chap.  I.  Sect  11. 

Oedinate.  In  geometry  and  conies,  a  line  drawn  firom  any  point  of  the  circumference  of 
an  ellipsLs  or  other  conic  section  perpendicular  to,  and  across  the  axis,  to  the  other  ride. 

Ordonnance.  (Fr.  firom  the  Lat.)  "Die  perfect  arrangement  and  compositimi  (rf*  any  ar* 
chitectural  work.  It  applies  to  no  particular  class,  but  the  term  is  general  to  all  ^lecies 
in  which  there  has  existed  anything  like  conventional  law. 

Oroanical  Desceiption  of  ▲  Curve.  The  method  of  describing  one  upon  a  plane  by 
continued  motion. 

Oriri.  or  Oriel  Window.  (Etym.  uncertain.)  A  large  bay  or  recessed  window  in  a 
hall,  chapel,  or  other  apartment  It  ordinarily  projects  from  the  outer  fiMie  of  the  wall 
either  in  a  semi.octagonal  or  diagonal  plan,  and  is  of  varied  kinds  and  sizes.  In  large 
halls  its  usual  height  is  from  the  noor  to  the  ceiling  internally,  and  it  rises  from  the  ground 
to  the  parapet  on  the  outside ;  sometimes  it  consists  only  of  one  smaller  window  sup- 
ported by  corbels,  or  by  masonry  projecting  gradually  from  the  wall  to  the  rill  of  the 
window.     Milner,  the  learned  and  good  Gstholic  bishop,  in  his  HUiory  of  Wtmchetter, 
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draws  a  difierence  between  the  bow  and  oriel  window.  The  first  projected  circularly, 
and  was  formerly  called  a  compass  or  embowed  window  ;  whilst  the  projection  of  the 
last  was  made  up  of  ansles  and  straight  lines  forming  generally  the  half  of  a  hexagon, 
oetagon,  or  deci^oD,  and  was  better  known  by  the  name  of  bojf  window,  shot  window,  or 
omteaat  window,  a  distinction,  however,  not  generally  observed.  . 

OaiGix  AKD  PaooRKss  or  AacBiTXCTuas.     See  Book  I.  Chap.  I.  Sect  2. 

OaiGiNAL  Link,  Plank,  or  Poimt.  In  perspective,  a  line,  plane,  or  point  referred  to  the 
object  itsel£ 

OaLZ.  (ItaL  )  A  fillet  under  the  ovolo  or  quarter  round  of  a  capitaL  When  the  fillet  is  at 
the  top  or  bottom  of  the  shaft  of  a  column  it  is  called  a  cincture.  Palladio  uses  the  word 
orle  to  express  the  plinth  of  the  bases  of  the  columns  and  pedes 

Ornamknt.  The  smaller  and  detailed  part  of  the  work,  not  essential  to  it,  but  serving  to 
enrich  it ;  it  is  g^erally  founded  upon  some  imitation  of  the  works  of  nature. 

OaTHoaaAPBY.  (Gr.  OftOos,  right,  and  Tpnpm,  I  describe.)  The  elevation  of  building  show- 
ing all  the  parts  in  their  proper  prc^ortions  ',  it  is  either  external  or  internal.  The  first 
is  the  representation  of  tiie  extcnmal  part  or  front  of  a  building  showing  the  fiue  of  the 
principal  wall,  with  its  apertures,  roof  of  the  building,  projections,  decorations,  and  all 
other  matters  as  seen  by  the  eye  of  the  spectator,  plaoed  at  an  infinite  distance  from  it. 
The  second,  commonly  called  the  section  of  a  building,  shows  it  as  if  the  external  wall 
were  removed,  and  separated  from  it 

In  geometry,  orthography  is  the  art  of  representing  the  plan  or  side  of  any  object,  and 
of  the  elevaticm  also  of  the  principal  parts :  ^e  art  is  so  denominated  from  its  etymology, 
because  it  determines  things  by  perpendicular  right  Unet  fidling  on  the  geometrical  plan, 
or  because  all  the  horizontal  lines  are  straight  and  parallel,  and  not,  aa  in  perspective, 
oblique. 

Osculating  Circlk.  That,  the  radius  of  whose  curve  at  any  particular  point  of  another 
curve,  is  of  the  same  length  as  that  of  the  curve  in  question  at  that  particular  point. 
Hence  it  is  the  kissing  circle,  and  that  so  closely,  that  there  is  no  difference  in  the  cur- 
vature of  the  two  curves  at  that  particular  point. 

Ova.  (Lat)  Ornaments  in  the  shape  of  an  egg,  into  which  tlie  echinus  or  ovolo  is  often 
carved. 

Oval.  A  geometrical  figure,  whose  boundary  is  a  curve  line  returning  into  itself;  it  in- 
cludes tlM  ellipsis  or  mathematical  oval,  and  all  figures  resembling  it,  though  with 
different  properties. 

OvoLO.  (Ital.)  A  convex  moulding  whose  lower  extremity  recedes  from  a  perpendicular 
line  drawn  firom  the  upper  extremity.     See  Moulding. 

Out  to  Out.  An  expression  used  of  any  dimension  when  measured  to  the  utmost  bounds 
of  a  body  or  figure. 

Out  or  Winding.  A  term  used  by  artificers  to  signify  that  the  surftce  of  a  body  is  that  of 
a  perfiect  plane ;  tlius  when  two  straight  edges  are  in  the  same  plane  they  are  said  to  be 
out  of  winding. 

OuTza  Dooas.     Those  common  to  both  the  exterior  and  interior  sides  of  a  building 

OcTsa  Platx.     See  Innkr  Platx. 

OuTLiNx.     The  line  which  bounds  the  contour  of  any  object 

Outward  Angli.     The  external  or  salient  angle  of  any  figure. 

OvKRBAMo.     See  Baitcr. 

P. 

Paddlr.     a  small  sluice,  nmilar  to  that  whereby  water  is  let  into  or  out  of  a  canal  lock. 

Pagoda.  (Corrupted  from  Poutgad,  Pers.,  a  house  of  idols.)  A  name  given  to  the  tern* 
pies  of  India.     See  Indian  Arcbitrcturx.  Book  I.  Chap.  II.  Sect  6. 

Painx.     See  AacBrrxcTs,  list  at,  SOS, 

Paintkr's  Work.     See  Book  II.  Chap.  III.  Sect  12. 

The  work  of  painting  with  different  coats  of  oil  colour  and  turpentine  the  parts  of  a 
building  usually  so  treated. 

Palack.  (Lat  PaUtium.)  In  this  country,  a  name  given  to  the  dwelling  of  a  king  or 
queen,  a  prince,  and  a  bishop.  On  the  Continent,  it  is  a  term  more  extensively  used, 
almost  all  large  dwellings  and  government  offices  being  so  denominated.  See  Book  III. 
Chap.  IIL  Sect  4. 

Palados.  (Gr.)  The  grand  entrance  of  the  scene  of  an  ancient  theatre  that  conducted  on 
to  the  stage  and  orchestra. 

PALiBSTRA.  (Gr.  UaXam,  I  wrestle.)  A  part  of  theGrecian  gymnasium,  particularly  appro- 
priated to  wrestling  and  other  g^ymnastic  exercises ;  it  was  sometimes  used  to  denote  the 
whole  building.  It  contained  bftths  which  were  open  fi^r  the  use  of  the  public  Accord- 
ing to  the  authority  of  Vitruvius,  no  palsestra  existed  in  Rome. 
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Demy 

-     20  inches  by  15  inches. 

Atlas   .         .        . 

Medium 

-     22       —         17     — 

Double  Elephant  - 

Royal 

-     24      —         19     — 

Antiquarian  - 

Super-royal 

-     27       — .         19     — 

Extra  Antiquarian 

Imperial 

-     80       —         21     — 

EUnperor 

Colombier    - 

-     34       —         23     — 
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Palk.     a  small  pointed  stake  or  pieee  of  wood  used  for  making  landmarks  and  enelosttres 

placed  vertioally. 
Palk  Psncimo  or  Palk  Fsmck.     That  constructed  with  palea. 
Palisadk.     a  fence  of  pales  or  stakes  driven  into  the  ground,  set  up  for  an  enclosure,  or 

for  the  protection  j>f  property. 
Palladio.     See  AacurrKCrs,  list  o^  241. 
Palm.     A  measure  of  length.     See  Mkasokk. 
PAMPax.  (Fr.)     An  ornament  composed  of  vine  leaves  and  bunches  of  grapes,  wherewith 

the  hollow  of  the  circumvolutions  of  twisted  columns  are  sometimes  decorated. 
Pa  Nc  A  art.  (Gr.)     Garlands  and  festoons  of  fruit,  flowers,  and  leaves,  for  the  ornament  of 

altars,  doors,  vestibules,  &c. 
Pancl.  (From  the  low  Latin  panellum.)     A  board  whose  edges  are  inser  ted  into  the 

groove  of  a  thicker  surrounding  frame. 

A  panel  in  masonry  is  <me  of  the  faces  of  a  hewn  stone. 
Pannikr.     The  same  as  Corbkl,  which  see. 
PAMTAMKTsa.     A  graduated  bevel. 
Pantilxs.     See  Book  IL  Chap.  II.  Sect  9. 

Paktookapu.     An  instrument  for  copying,  diminishing,  or  enlarging  drawings. 
Papra.     a  substance  made  by  the  maceration  of  linen  rags  in  water  and  spreading  them 

into  thin  sheets ;  on  this  the  drawings  of  the  architect  are  usually  made ;  its  usual  ases 

being  as  under :  — 

34  inches  by  96  indaes. 
40      —         26     — 
52       —         31     — 
56       ^         40     — 
68       —         4«     — 

PArERHAXGRR's  WoRK.     See  Book  II.  Chap.  III.  Sect  12. 

Parabola.  (Gr.  IIopo,  through,  and  BaAA»,  I  throw.)     In  geometry,  a  curve  line  formed 

by  the  common  intersection  of  a  conic  surface,  and  a  plane  cutting  it  parallel  to  another 

plane  touching  the  conic  surfituse.     See  Book  II.  Chap.  I.  Sect  5. 
Parabolic  Assymptotk.    In  geometry,  a  line  continually  approaching  the  curves  but  which, 

though  infinitely  produced,  will  never  meet  it. 
Parabolic  Ccrvk.     The  curved  boundary  of  a  parabola,  and  terminating  its  area,  except 

at  the  double  ordinate. 
Parabouc  Spiral,  or  Hklicoxd.     A  curve  arising  from  the  supposition  of  the  axis  of  the 

common  parabola  bent  into  the  periphery  of  a  circle,  the  ordinates  being  portions  of  the 

radii  next  the  circumference. 
PARABOLOin.     See  Coxoio. 
Parallxl.  (Gr.  TlapaXXfiKos.)     In  geometry,  a  term  applied  to  lines,  suifiwes,  &c.,that  are 

in  every  part  equidistant  from  each  other. 
Parallxl  Coping.     See  Copino. 
Parallrlograu.    (Gr.)     Any  four-sided    rectilineal    figure,   whose  opposite    ades   are 

parallel. 
Parallxlopiprd.     In  geometry,  one  of  the  regular  bodies  or  sojids  comprehended  under 

six  faces,  each  parallel  to  its  opposite  fiu^e,  and  all  the  faces  parallelograms. 
Paramktxr.  (Gr.  Uapa,  through,  and  Mtrfna,  I  measure.)     In  conic  sections,  a  constant 

right  line  in  each  of  the  three  sections,  called  also  lahu  return. 
Parapxt.  (Ital.  Parapetto,  breast  high.)     A  small  wall  of  any  material  for  protection  on 

the  sides  of  bridges,  quays,  or  high  buildings. 
Parascknium.     AnoUier  name  for  the  poiUcemum  in  tlie  ancient  theatre. 

PAR.ASTAT.S.       ScC  AvTM. 

Parokt.     a  name  given  to  the  rough  plaster  used  for  lining  chimney  flues. 

Parkxr's  Cxmxmt.     See  p.  509. 

Parlour.  (Fr.)     A  room  for  conversation,  which  in  the  old  monasteries  adjoined  the 

buttery  and  pantry  at  the  lower  end  of  the  hall.     At  the  present  day  it  ts  used  to  denote 

the  room  in  a  house  where  common  visitors  are  received. 
Parquxtry.     See  MARauxTRv. 
Parsonagk  Housk.     a  building  usually  near  the  church,  occupied  by  the  incumbent  of 

the  living ;  in  fonner  times  this  sort  of  building  was  often  embattled  and  fortified,  and 

had  various  appendages,  including  sometimes  a  small  chapel  or  oratory. 
Partition.  (Lat)     A  wall  of  stone,  brick,  or  timber,  dividing  one  room  from  another; 

when  a  partition  has  no  support  from  below  it  should  not  be  suffered  to  bear  on  the  floor 

with  any  considerable  weight,  and  in  such  cases  it  should  have  a  tru98  formed  within, 

in  which  case  it  is  called  a  trus9ed  partition.     See  Truss. 
Party  Walls.     Such  as  are  formed  between  houses  to  separate  them  from  each  other  and 
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prevent  the  spreading  of  6re.     Hie  regulations  prescribed  ibr  them  form  a  large  portion 
of  the  Building  Act  of  14  Geo,  III.     See  Building  Act  at  length,  p.  819,  et  9eq, 

Paett  F«ncs  Wall.  A  wall  separating  the  vacant  ground  in  one  occupation  from  that 
in  another.     See  Building  Act,  p.  819,  ef  nq. 

Parvis.  (Etym.  uncertain. )  A  porch  portico  or  large  entrance  to  a  church.  It  seems 
also  to  have  signified  a  room  over  the  church  porch,  where  schools  used  to  be  held. 

Passaoxs.  The  avenues  leading  to  the  various  divisions  and  apartments  of  a  building. 
When  there  is  only  one  series  of  rooms  in  breadth,  the  passage  must  run  along  one  side 
of  the  building,  and  may  be  lighted  by  ai>erturi<8  through  the  exterior  walls.  If  there 
be  more  than  one  room  in  breadth,  it  must  run  in  the  middle,  and  be  lighted  from 
above  or  at  one  or  both  ends. 

Patska.  (Lat.)  A  vessel  used  in  the  Roman  sacrifices,  wherein  the  blood  of  the  victims 
was  received.  It  was  generally  shallow,  flat,  and  circular.  Its  representation  has  been 
introduced  as  an  ornament  in  friezes  and  fascise,  accompanied  with  festoons  of  flowers 
or  husks,  and  other  accessories. 

Patkbhostsrs.     A  species  of  ornament  in  tiie  shape  of  beads,  either  round  or  oval,  used 

.    in  baguettes,  astragals,  &c. 

Pactbz,  ls.     See  Ancurrxcrs,  list  of,  26  K 

Pavemsnt.  (Lat.  Pavimentum.)  A  path  or  road  laid  or  beaten  in  with  stones  or  other 
materials.  According  to  the  information  of  Isidorus,  the  first  people  who  paved  their 
streets  with  stone  were  the  Carthaginians.  Appius  Claudius,  the  founder  of  the  Appian 
Way,  appears  to  have  introduced  the  practice  into  Rome,  after  which  the  Roman  roads 
were  universally  paved,  remains  of  them  having  been  found  in  every  part  of  the  empire. 
In  the  interior  of  the  Roman  houses,  the  pavement  was  often  bid  upon  timber  fram- 
ing ;  and  the  assemblages  so  constructed  were  called  ccmiiffnata  pavimenta.  The  pave^ 
ment  called  eoauoHo  was  made  of  oaken  planks  of  the  qnereua  e^cultts,  which  was  least 
liable  to  warp.  The  Roman  pavements  were  also  frequently  of  mosaic  work,  that  is,  of 
square  pieces  of  stone,  called  tesserae,  in  various  patterns  and  figures,  many  of  which 
remain  in  Britain  to  the  present  day. 

The  various  sorts  of  paving  are  as  follows :  —  1 .  PelNe  patnngy  of  stones  collected 
fitmi  the  sea  beach,  mostly  obtained  ftovo.  Guernsey  or  Jersey.-  "niis  is  very  durable  if 
well  laid.  The  stones  vary  in  size,  but  those  from  six  to  nine  inches  deep  are  the  best. 
Those  of  three  inches  in  depth  are  called  balden  or  bowlerM,  and  are  used  for  paving  court- 
yards and  those  places  where  over-heavy  weights  do  not  pass.  8.  Rag  paving :  inferior 
to  the  last,  and  usually  fiwn  the  vicinity  of  Maidstone,  in  Kent,  whence  it  bears  the 
name  of  Kentish  rag  stone.  It  is  sometimes  squared,  and  then  used  for  paving  coach- 
tracks  and  footways.  3.  Pmrbeek  pitahen,  which  are  square  stones,  used  in  footways, 
brought  from  the  island  of  Purbeck.  They  are  useful  in  court-yards :  the  pieces  running 
about  five  inches  thick,  and  from  six  to  ten  inches  square.  4.  Squared  paving,  by  some 
called  Scoteh  paving,  of  a  clear  close  stone,  called  blue  wynn.  This  is  now,  however, 
quite  out  of  use.  5.  Granite,  of  the  material  which  its  name  imports.  6.  Guernsey 
paving,  which,  for  street  work,  is  the  best  in  use.  It  is  broken  with  iron  hammers,  and 
squared  to  any  required  dimensions,  of  a  prismoidal  figure,  with  a  smaller  base  down- 
wards. It  is  commonly  bedded  in  small  gravel.  7.  Pvrbeck  paving,  used  for  footways, 
of  which  the  blue  sort  is  the  best,  is  obtained  in  pretty  large  sur&ces,  of  about  two  inches 
and  a  half  thick.  8.  YorkaKire  paving :  a  very  good  material,  and  procurable  of  very 
large  dimensions.  9.  Ryegate  ox  fire-tiane  paving,  used  for  hearths,  stoves,  ovens,  and 
other  places  subject  to  great  heat,  by  which  this  stone,  if  kepi  dry,  iff  not  afiected.  10. 
fstwcadk  fiagt,  useful  for  the  paving  of  ofiices.  They  run  about  one  and  a  half  to  two 
inches  thick,  and  about  two  feet  square,  and  bear  considerable  resemblance  to  the  York- 
shire, n.  Portland  paving  may  be  had  from  the  island  of  Portland  of  almost  any 
required  dimenaonsir  The  squares  are  som^mes  ornamented  by  cutting  away  their 
angles,  and  inserting  small  black  marble  squares,  set  diagonally.  18.  Sweedland  paving  : 
a  black  slate  dug  in  Leicestershire,  useful  for  paving  halls  or  for  party-coloured  paving. 
13.  Marble  paving,  of  as  many  sorts  almost  as  there  are  species  of  marble.  It  is  some- 
times inlaid  after  the  manner  of  Mosaic  work.  14.  Flat  brick  paving,  executed  with 
bricks  laid  flat  in  sandy  mortar,  or  grout,  when  liquid  lime  is  poured  into  the  joints. 
15.  Brick  or  edge  paving,  executed  in  the  manner  of  the  last,  except  that  the  bricks  are 
laid  on  edge.  16.  Herring-bone  paving:  bricks  laid  diagonally  to  each  other.  See 
Hkruno-bonx  Work.  1 7.  Bricke  laid  endwiee  in  sand,  mortar,  or  grout.  18,  leaving  brieke, 
are  made  especially  for  the  purpose,  and  are  better  than  stocks.  1 9.  Ten-husk  tile  paving. 
20,  Foot  tile  paving.     21.  CUnker  pawing. 

Hie  pavements  of  churches  are  often  in  patterns  of  several  colours,  of  which,  to  shew 
the  great  variety  that  may  be  obtained  from  a  few  colours,  M.  Truchet  {M4m,  Acad, 
JFVttn*)  has  proved  that  two  square  stones,  dirided  diagonally  into  two  colours,  may  be 
joined  together  chequerwise  in  sixty-four  different  ways. 
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Pavsuent  (Diamond).  Hiat  in  which  the  atones,  flags,  or  bricks  aie  laid  with  tlieir 
diagonals  perpendicular  to  the  sides  of  the  apartment. 

Patiuon.  (Ital.  Padiglione.)  A  turret  or  small  building,  geDcralW  insulated  and  com* 
prised  under  a  single  roof.  Hie  term  is  also  applied  to  the  projecting  parts  in  the  frosit 
of  a  building.  Sometimes,  as  at  the  Louvre,  tiiey  are  placed  on  the  flsinks  of  the  build- 
ing.    They  are  usually  higher  than  the  rest  of  the  building. 

Pbdestal.  (Compoun«l,  apparently,  of  Pes,  a  foot,  and  SrvAos,  a  column.)  The  lowest 
division  in  an  order  of  columns,  called  also  atplobatei  and  slereo6ate*.  Tlbe  pedestal  consists 
of  three  principal  parts  :  the  die  or  square  trunk,  the  coniice  or  head,  and  the  base  or 
foot.     See  Book  III.  Chap.  L  Sect  8. 

PxDiiCKNT.  The  triangular  crowning  part  of  a  portico  or  aperture,  which  tcnniiiates 
vertically  the  sloping  parts  of  the  roof.  In  Gothic  architecture,  this  triangular  pieee  is 
much  higher  in  proportion  to  its  width,  and  is  denominated  a  gable.  1^  subgeet  of 
pedimento  is  folly  treated  of  in  Book  III.  Chap.  I.  Sect.  17. 

Pklasoic  AacHmcTURx.     See  Book  I.  Chap.  II.  Sect.  2. 

PsNDCMT.  (Lat)  An  ornament  suspended  from  the  summit  of  Gothic  vauhing,  vcrj 
often  elaborately  decorated.  Of  this  ornament,  there  are  some  beautifol  examples  in 
Henry  VII.  *s  chapel.  The  pendent  was  also  used  very  firequcntly  to  timber-ftamed 
roofs,  as  in  that  of  Crosby  Hall,  which  has  a  series  of  pendents  along  the  centre  of  it. 
Pendents  are  also  attached  to  the  ends  of  the  hammer  beams  in  Gothic  timber  roofo. 

PxKDXMTivB.  The  entire  body  of  a  vault  suspended  out  of  the  perpendicular  of  the  walls, 
and  bearing  against  the  arch  boutants,  or  supporters.  •  It  u  defined  by  Daviler  to  be  tfae 
portion  of  a  vault  between  the  arches  of  a  dome,  commonly  enriched  with  sculpture. 
Felibien  defines  it  as  the  plane  of  the  vault  contained  between  the  double  arches,  the 
forming  arches,  and  the  ogives.     See  p.  560. 

PxNDXNTivx  BxACKXTiNG  or  Cavx  BRACKxnMo.  That  springing  from  the  reetso^^nlar 
walls  of  an  i^artment  upwards  to  the  ceiling,  and  forming  the  horixontal  part  of  the 
ceiling  into  a  circle  or  ellipsis. 

PxNDKMTtvK  Craouno.  The  timber  work  for  sustaining  the  lath  and  plaster  in  vaulted 
ceilings. 

PxNXTRALx.  (Lat.)  The  most  sacred  part  of  the  temple,  which  generally  contained  an 
altar  to  Jupiter  Hereaeus,  which  appellation,  according  to  Festus,  was  derived  from  ixprns, 
an  enclosure,  and  supposed  him  the  protector  of  its  sanctity. 

PxMXTRALXA.  (Lat)  Small  chapels  dedicated  to  the  Penates,  in  the  innermost  part  of  the 
Roman  houses.  In  these  it  was  the  custom  to  deposit  what  the  fiunily  considered  most 
valuable. 

PtKirxNTXART.  In  monastic  establbhments  was  a  small  square  building,  in  whiidi  a  peni- 
tent confined  himself.  Hie  term  was  also  applied  to  that  part  of  a  churdi  to  which 
penitents  were  admitted  durinof  dirine  service.  The  word,  as  used  in  the  present  tanse, 
implies  a  place  for  the  reception  of  criminals  whose  crimes  are  not  so  heinous  as  to 
deserve  punishment  beyond  that  of  solitary  confinement  and  hard  labour,  and  where 
means  are  used  to  reclaun  as  much  ss  possible  those  who  have  become  subject  to  the  laws 
by  transgressing  them.     See  Prisou,  Book  III.  Chap.  III.  Sect  18. 

PxNSTocK.  A  small  paddle,  working  up  vertically  in  a  grooved  frame,  and  fiv  penning 
back  water. 

Pkntaimron.  (Gr.)  A  species  of  brick  used  in  ancient  arehitecture,  which  was  five 
palms  long. 

PxNTAGOK.  ((rr.  ncyre,  five,  and  Tmyia^  an  angle.)  In  geometry,  a  figure  of  five  sides  and 
five  angles.  When  the  five  sides  are  equal,  the  angles  are  too,  and  the  figure  b  called  a 
regular  pentagon. 

PKNTAGRArU.       ScC  PaNTOOKAFH. 

PxRiACTi.  (Gr.  lifpiaytar,  to  revolve.)  The  revolving  scenes  in  an  ancient  theatre  called 
by  the  Romans  seemm  venatUe$. 

Pkribolus.  (Gr.)  A  court  tir  enclosure  within  a  wall,  sometimes  surrounding  a  temple. 
It  was  frequently  ornamented  with  statues,  altars,  and  monuments,  and  sometimes  con- 
tained other  smaller  temples  or  a  sacred  grove.  The  peribolus  of  the  temple  ci  Jupiter 
Olympius,  at  Athens,  was  four  stadia  in  cireumforenoe.  That  of  the  temple  of  Apollo 
Dindynueus,  near  Miletus,  was  also  of  some  extent 

PxRciXR.     See  Architects,  list  €t£,  31 7. 

PsRcr.     See  ^ncftntcn,  list  of,  1 84. 

PxRKs.     See  Architkcts,  list  o^  126. 

PxRiDROMx.  {Or.  nc^,  about  Apo/ios,  a  course.)  The  space,  in  andent  arehitecture,  be- 
tween the  columns  of  a  temple  and  the  walls  enclosing  the  oelL 

Prriicxtxr.   (Gr.)     The  boundary  of  a  figure. 

PsRirHXRT.  (Gr.  TL^pi/ptpv,  I  surround* )  The  cireumforenoe  of  a  circle,  dltpsis,  parabola, 
or  other  regular  curvilinear  figure. 

PxRiprxRr.   (Gr.)     The  range  of  insulated  columns  round  the  cell  of  a  temple. 
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PsmmKAL.  (Gr.)  A  temple  surrounded  by  a  periptery,  that  is,  eneompassed  by  colunuis. 
See  TsMrLK. 

FKBiflrrTLiuic.  (Gr.)  In  Greek  and  Roman  buildings,  a  court,  square  or  cloister,  which 
sometimes  had  a  colonnade  on  three  sides  only,  ana  tkkerefare  in  that  case  improperly  so 
called.  Some  peristylia  had  a  colonnade  on  each  of  the  four  sides ;  that  on  the  south 
being  sometimes  higher  than  the  rest,  in  which  case  it  was  called  a  RhodioH  peri^jfUum. 
The  lai^  of  columns  itself  was  called  the  perittyle.     See  Colonnade. 

PaaiTHKauKs.     The  same  as  Anconks,  which  see. 

PxEiTaocuxuM.  (Gr.)  A  term  in  mechanics  applied  to  a  wheel  or  circle  concentric  with 
the  base  of  a  cylinder,  and  together  with  it  moveable  about  an  axis. 

PxEPKNDicuLAR.  In  geometry,  a  term  applied  to  a  right  line  falling  directly  on  another 
line,  so  as  to  make  equal  angles  on  each  side,  called  also  a  normal  line.  The  same  de- 
finition will  hold  of  planes  standing  the  one  on  the  other.  A  perpendicular  to  a  curve 
is  a  right  line  cutting  the  curve  in  a  point  where  another  right  line  to  which  it  is  per- 
pendicular makes  a  tangent  with  the  curve. 

FxsrzND  SroNx  or  PsKrENDKR.  A  long  stone  reaching  through  the  thickness  of  the  wall,, 
so  as  to  be  visible  on  both  sides,  and  therefore  wrought  and  smoothed  at  the  ends. 

PsREAUL'T.     See  AacHrrxcTs,  Ust  o^  S59.  ^  ^ 

FxaaoN.  A  French  term,  denoting  a  staircase,  lying  open  or  without  side  the  building ; 
or  more  properly  the  steps  in  the  front  of  a  builcuDg  whi^  lead  into  the  first  story, 
where  it  is  raised  a  little  above  the  level  of  the  ground. 

PxaaoNKT.     See  Architxcts,  list  o^  298. 

PxxsiAN  or  PxasxrouTAN  AacHiTXcruax.     See  Book  I.  Chap.  II.  Sect  4. 

PxaaiANs.     See  Cartatioxs. 

FxaspxcTivx.  (Lat.  Perspicia)  The  science  which  teaches  the  art  of  representing  objects 
on  a  definite  surfiuse,  so  as  firom  a  certain  position  to  aficct  the  eye  in  the  same  manner 
as  the  objects  themselves  would.  This  art  forms  the  subject  of  Book  II.  Chap.  IV. 
Sect.  2. 

Pxauzii.     See  AacHirxcTs,  list  of,  SOO. 

Pxsv  Housx.  A  laaaretto  or  infirmary  where  persons,  goods,  &c.,  infected  with  the  plague 
or  other  contagious  disease,  or  suspected  so  to  be,  are  lodged  to  prevent  eommunioation 
with  others,  and  the  consequent  spread  of  the  contagion. 

PxTxa  OF  CoLxcHUCH.     See  Axchitxcts,  list  o^  lOA 

Phaax.     See  AacHRXcrs,  list  of,  28. 

Phalanqjb.  (Gr.)  A  name  applied  by  Vitruvius  to  a  species  of  wooden  rollers,  used  to 
transport  heavy  masses  firom  one  spot  to  another. 

Pharos.  (Gr.  from  ^wr,  a  light,  and  O^om,  I  see.)  The  name  applied  to  an  ancient  light- 
house.    See  Book  IIL  Chap.  III.  Sect.  12. 

PuBASANTRT.      A  buildiug  or  place  for  the  purpose  of  breeding,  rearing,  and  keeping 
.  pheasants. 

pHiLa     See  Arcbrxcts,  list  of,  26. 

Phonics.  The  doctrine  of  sounds,  which  has  not  yet  been  so  reduced  in  its  application 
to  architecture  as  to  have  justified  in  this  work  more  than  its  definition  in  this  place. 
See  the  Sect.  16.  Chap.  III.  Book  III.  on  Thxatrxs. 

Photom rrxx.   (Gr. )     An  instrument  for  measuring  the  different  intensities  of  light 

Pi  ass  A.  (Ital.)  A  square  open  space  surrounded  by  buildings.  The  term  is  very  fre- 
quently and  very  ignorantly  used  to  denote  a  walk  under  an  aiwade. 

PiKDROiT.  (Fr.)  A  French  term,  signifying  a  pier  or  square  pillar,  partly  hid  within  a 
wall.     It  differs  firom  a  pilaster  in  having  neither  base  nor  capital. 

PiKR.  (Fr.)  A  solid  between  the  doors  or  windows  of  a  building.  The  square  or 
other  formed  mass  or  post  to  which  a  gate  is  hung.  Also  the  solid  support  from 
which  an  arch  springs.  In  a  bridge,  the  pier  next  the  shore  is  usually  called  an  abut- 
ment pier. 

Pixrao  ni  Gamiel.     See  Architxcts,  list  of,  195. 

PixTRo  San.     See  AacHrrxcrs,  list  ot,  119. 

FiLASTXR.  (Fr.)  A  sort  of  square  column,  sometimes  insulated,  but  more  commonly 
engaged  in  a  wall,  and  projecting  only  a  fourth  or  fifth  of  its  thickness.  See  Book  III. 
Chap.  I.  Sect.  14. 

PiLxs.  (Lat.)  Large  timbers  driven  into  the  earth,  upon  whose  heads  is  lud  the  founda- 
tion of  a  building  in  marshy  and  loose  soils.  Amsterdam  and  some  other  cities  are  built 
wholly  upon  piles.  The  stoppage  of  DagenKam  Breach  was  effected  by  piles  mortised 
into  one  another  by  dovetail  joints.  They  are  best  and  most  firmly  driven  by  repeated 
strokes ;  but  for  the  saving  of  time,  a  pile  engine  is  generally  used,  in  appearance  and 
effect  very  much  like  a  guillotine,  which,  having  raised  the  monkey  or  hammer  to  a  cer- 
tain height,  lets  it,  by  pressing  the  clasps  which  carry  it  up,  suddenly  drop  down  on  the 
pile  to  be  driven. 

Pillar.  (Fr.  I^ier.)     A  column  of  irregular  form,  always  disengaged,  and  always  de- 
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viating  firom  the  proportions  of  the  orders,  whence  the  dutioction  between  a  calimm  and 
a  pillar.     In  any  other  sense  it  is  improperly  used. 

PiK.  In  carpentry,  a  cylindrical  piece  of  wood  driven  to  oonneet  pieces  of  fraaiii^ 
together. 

PiKNACLK.  (Low  Lat  Pinnaculum.)  A  summit  or  apex.  The  term  is  usually  applied 
to  the  ornament  in  Gothic  architecture  placed  on  the  top  of  a  buttress,  or  as  the  ter- 
mination to  the.  angle  of  the  gable  of  a  building.  It  is  also  placed  on  difierent  parts  of  a 
parapet,  at  the  sides  of  niches,  and  in  other  situations.  Its  form  is  usually  slender,  and 
tapers  to  a  point. 

Pinning  up.  In  underpinning  the  driving  the  wedges  under  the  upper  work  so  as  to 
bring  it  ftiUy  to  bear  upon  the  work  below. 

The  term  pinning  is  also  used  to  denote  the  fastening  of  Ules  together  with  pins  or 
pieces  of  heart  of  oak  in  the  coTering  of  buildings. 

Pino,  u.     See  AacHrrscn,  list  oi,  901. 

PiNTKLU.     See  Architccts,  list  oj^  155. 

Pjrs.  A  conveyance  for  water  or  soil  from  nny  part  of  a  building,  usuaUy  of  lead  or  iron* 
When  for  the  supply  of  water  to  a  building  it  is  called  a  service  p^  ;  when  for  carrying 
off  water,  a  waste  pipe ;  and  when  for  carrying  off  soil,  a  aoU  pipe ;  and  those  which 
carry  away  the  rain  6rom  a  building  are  eslled  mtii-water  |M/ies.  When  a  cistern  or 
reservoir  is  supplied  in  such  a  way  that  those  who  labour  to  fill  it  should  be  made  aware 
that  it  is  full,  the  pipe  which  discharges  the  overflow  is  called  a  waning  p^e, 

Pippi.     See  Architects,  list  of,  218. 

Piscina.  (Lat.)  Among  the  Romans  this  term  was  applied  to  a  iish-p<md,  to  a  shallow 
reservoir  for  practising  swimming,  and  to  a  place  for  watering  horses  and  washing 
clothes.  The  piscina  m  ecclesiastical  architecture  was  a  bowl  for  water,  generally  in  a 
niche  in  the  wall  of  the  church  wherein  the  priest  laved  his  hands.  There  was  usually 
one  attached  to  every  altar  for  the  priest  to  wash  his  hands  on  the  performance  of  the 
sacred  rites.  The  variety  of  their  form  is  great ;  some  were  extremely  simple,  others 
very  richly  decorated. 

Pisx.  A  species  of  walling,  of  latter  years  used  in  France,  made  of  stiff*  earth  or  day 
rammed  in  between  moulds  as  it  is  carried  up.  This  method  of  walling  was  however  in 
very  early  use.     (l%a.  lib.  xxxiv.  chap.  M.) 

Pit  op  a  Thkatrx*  Tlie  pert  on  the  ground-floor  between  the  lower  range  of  boxes  and 
the  stage. 

Pitch.  A  term  genendly  appUed  to  the  vertical  angles  formed  by  the  inclined  sides  of 
a  roof. 

Pitching  Pibcs.  In  staircasing,  an  horisontal  piece  of  timber,  having  one  of  its  enda 
wedged  into  the  wall  at  the  upper  part  of  a  flight  of  steps,  to  support  the  upper  ends  of 
the  rough  etringe.     See  AraoN  Pbkb. 

Pivot.  (  Fr. )  Tlie  sharpened  point  upon  which  a  perpendicular  wheel  performs  its  revo- 
lutions. 

Place  Brices.     See  p.  504. 

Plafond  or  Platpond.  (Fr.)  The  ceiling  of  a  room,  whether  flat  or  srehed;  also  the 
under-side  of  the  projection  of  the  larmier  of  the  cornice ;  generally  any  sofite. 

Plain  or  Plane  Angle.  One  contained  under  two  lines  and  surfaces,  so  called  to  dis- 
tinguish it  from  a  solid  angle. 

Plain  Tiles,  properly  Plane  Tiles.  Those  whose  surfaces  are  planes.  See  Book  1 1. 
Chap.  II.  Sect  9. 

Plan.  (  Fr. )  The  representation  of  the  horisontal  section  of  a  building,  showing  its  dis- 
tribution, the  form  and  extent  of  its  various  parts.  In  the  plans  made  by  the  architect, 
it  is  customary  to  dbtinguish  the  massive  parts,  such  as  wsUs,  by  a  dark  colour,  so  as  to 
separate  them  from  the  voids  or  open  spaces.  In  a  geometrical  plant  which  is  that  above 
mentioned,  the  parts  are  represented  in  their  natural  proportions.  A  perapeetioe  pkm  is 
drawn  according  to  the  rules  of  perspective.  The  raieed  pUm  of  a  building  is  the 
elevation  of  it. 

Plancbbr.     The  'same  as  the  sofite  or  under-surface  of  (he  corona ;  the  word  is  however 

.  very  often  used  generally  to  mesn  any  sofite. 

Plane.  (Lat.  Planus.)  A  tool  used  by  artificers  that  work  in  wood  for  the  purpose  of 
producing  thereon  a  flat  even  surface.  There  are  various  sorts  of  planes,  whose  deserip- 
tion  will  be  found  at  p.  564. 

Plane.     In  geometry,  a  surfiue  tiiat  coincides  in  every  direction  with  a  straight  K*^ 

Plane,  ceometkicau  In  perspective,  a  plane  parallel  to  thehorison,  whereon  the  object 
to  be  delineated  is  supposed  to  be  placed.  It  is  usually  at  right  angles  with  the  per- 
spective plane. 

Pr  ANE,  HORisoNTAU  Ib  perspecUve,  a  plane  psiwing  through  the  q>ectator*s  eye,  parallel 
to  the  horizon,  and  cutting  the  perspective  plane  in  a  straight  line,  called  the  herixoteial  Hme, 

Plane,  inclined.     One  that  makes  an  oblique  angle  with  a  horisontal  plane. 
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Vulve,  OBiscTiTi.  Any  plane,  fiwe,  or  side  of  an  original  object  to  be  delineated  on  the 
perapectiTe  plane. 

Plank,  rBasrBcriTB.  That  interpcMed  between  the  original  objects  and  the  eye  of  the 
spectator,  and  whereon  the  objects  are  to  be  delineated. 

Plank  TaiooNOMKraT.     See  Book  II.  Chap.  I.  Sect.  4. 

pLANmrrar.  That  branch  of  geometry  which  treats  of  lines  and  sarheea  only,  without 
reference  to  their  height  or  d^th. 

Plank.  ( Fr. )  A  name  gi^en  generally  to  all  timber,  except  fir,  which  is  less  than  four 
inches  thick  and  thicker  than  one  inch  and  a  half.     See  Board. 

PLAsiKa  AND  PLASTKaxR*8  WoKK.     See  Book  II.  Chap.  III.  Sect.  9. 

Plastbr  or  Paris.  A  preparation  of  gypsum,  originally  procured  in  the  yicinity  of  Mont 
Martre  near  Paris.  l*he  plaster  stone,  or  alabaster,  is,  however,  found  in  many  parts  of 
England,  as  at  Chelaston  near  Derby,  and  Beacon  Hill  near  Newark.  The  former  pits 
yield  about  800  tons  a  year.  It  is  ground  and  frequently  used  for  manure,  or  rather  as 
a  stimulant  for  grass.  It  is  calcined  into  the  plaster  used  by  the  modeller,  plasterer, 
&c.  When  diluted  with  water  into  a  thin  paste,  plaster  of  Paris  sets  rapidly,  and  at 
the  instant  of  setting,  its  bulk  is  increased.  Mr.  Boyle  found  by  experiment  that  a 
glass  vessel  filled  with  this  paste,  and  close  stopped,  bursts  while  the  mixture  sets,  a 
quantity  of  water  sometimes  issuing  through  the  cracks ;  hence  this  material  becomes 
valuable  for  filling  cavities,  &c,  when  other  earths  would  shrink.  The  gypsum  is  pre- 
pared either  by  burning  or  boiling,  and  loses  from  four  to  six  cwt.  in  a  ton.  After 
burning,  it  is  ground  into  powder  m  a  milL 

Platband.  Any  flat  and  square  moulding  whose  projection  is  much  less  than  its  height, 
such  are  the  fiuciae  of  an  architrave,  the  list  between  flutings,  &c.  The  platband  of 
a  door  or  window  is  the  lintel,  when  it  is  made  square  and  not  much  arched. 

Plate.  A  general  term  applied  to  those  horizontal  pieces  of  timber  lying  mostly  on  walls 
for  the  reception  of  another  assemblage  of  timbers.  Thus,  a  tetitt  pUtte  is  laid  round  the 
walls  of  a  building  to  receive  the  timbering  of  a  floor  and  roof;  a  gvtttrpUxte  under 
the  gutter  of  a  building,  &c. 

Platk  Glass.     See  Glass. 

Platk  Rack.  A  fixture  over  the  sink  in  a  scullery  for  the  reception  of  dinner  plates  and 
dishes  after  washing. 

Platform.  An  assemblage  of  timbers  for  carrying  a  flat  covering  of  a  house,  or  the  flat 
covering  itself.      A  terrace  or  open  walk  at  the  top  of  a  building. 

Plinth.  (Gr.  nX/i^s,  a  brick.)  The  lower  square  member  of  a  base  of  a  column  or 
pedestal.  In  a  wall  the  term  plinih  is  applied  to  two  or  three  rows  of  bricks  which 
project  firom  the  fiice. 

Plotmno.  The  art  of  laying  down  on  paper  the  angles  and  lines  of  a  plot  of  land  by  any 
instrument  used  in  surveying. 

Pluo.  a  piece  of  timber  driven  perpendiculariy  into  a  wall  with  the  projecting  part 
sawn  away,  so  as  to  be  flush  with  the  fiice. 

Plug  and  Feather,  or  Krr  and  Fkathkr.  A  name  ^ven  to  a  method  of  dividing  hard 
stones  by  means  of  a  long  tapering  wedge,  called  the  Aey,  and  wedge^haped  pieces  of 
iron  called /MtfAen,  which  are  driven  into  holes  previously  drilled  into  the  rock  for  the 
purpose,  and  thus  forcibly  split  it.  ^ 

Plumbino.  (Lat.  Plumbus.)  Hie  art  of  casting  and  working  in  lead  and  using  it  in 
building.     See  Book  II.  Chap.  III.  Sect.  7. 

Plumb  Rulk,  Plumb  Line,  or  Plummet.  An  instrument  used  by  masons,  carpenters, 
&c.,  to  draw  perpendiculars  or  verticals,  for  ascertaining  whether  their  work  be  upright, 
horisontal,  and  so  on.  Hie  instrument  is  little  more  than  a  piece  of  lead  or  plummet 
at  the  end  of  a  string,  sometimes  descending  along  a  wooden  or  metal  ruler  raised  per- 
pendicularly on  another,  and  then  it  is  called  a  level.     See  Lkvkl. 

Podium.  (LaL)  A  continued  pedestal.  A  projection  which  surrounded  the  arena  of  the 
ancient  amphitheatre.     See  AMrHiTHXATBE. 

Point.  (Lat  Punctum.)  In  geometry,  according  to  Euclid,  that  which  has  neither  length, 
breadth,  nor  thickness. 

Point,  accidxntal.  In  perspective,  a  term  used  by  the  old  writers  on  the  science  to 
signify  the  vanishing  point. 

Point  of  Distanck.  In  perspective,  the  distance  of  the  picture  transferred  upon  the 
vaiushing  line  from  the  centre,  or  fit>m  the  point  where  the  principal  ray  meets  it,  whence 
it  is  generally  understood  to  be  on  the  vanishing  line  of  the  horizon.     See  Distanck. 

Point,  objcctivk.  A  point  on  a  geometrical  plane  whose  representation  is  required  on 
the  perspective  plane. 

Point  of  Sight.  The  place  of  the  eye  whence  the  picture  is  viewed,  according  to  Dr. 
Brook  Taylor,  but,  according  to  the  old  writers  on  perspective,  is  what  is  now  called 
the  centre  of  the  picture. 

Point  of  Vikw.     The  point  of  sight 
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FoiMTKD  Abcs.     See  p.  119,  ef««9. 

PoiNTSD  AacurrccTUAK.     See  Book  I.  Chap.  II.  Sect  15. 

PfHimvo.     The  raking  out  the  mortar  firom  between  the  joints  of  brickwork,  and  re- 
placing the  same  with  new  mortar. 

Points  ow  SuproaT.     The  points  or  surfiwes  on  which  a  building  rests.     See  p.  438. 

PoLUBXNo.     See  MxaBLx. 

PoLLAJOLO.     See  AacHiTScrs,  list  of,  179. 

PoLLxan.  A  tree  which  has  been  frequently  lopped  or  polled  of  its  head  and  brsnehes,  a 
practice  very  ix^iurious  to  good  timber. 

Polygon.  (Or.  noXvr,many,  and  Tmyta,  an  ansle.)  A  multilateral  figure,  or  one  whose 
perimeter  consists  of  more  tiian  four  sides  and  angles.  If  the  sides  and  angles  be  equal 
the  figure  is  called  a  regular  polygon.  Polygons  are  distinguished  according  to  the 
number  of  the  sides ;  thus  those  of  fiye  sidM  are  called  pemtagomBt  those  of  six,  htra- 
gon$,  those  of  seren,  keptagona,  and  so  on.  The  subgoined  is  a  table  of  the  areas  and 
perpendiculars  of  polygons  the  nde  being  a  l . 


Number  of  Sidst. 

Namat  of  Polygons. 

Arm. 

3 

Trigon  - 

•433013 

•2886751 

4 

Tetragon 

1«000000 

•5000000 

5 

Pentagon 

1  -790477 

-6881910 

6 

Hexagon 

8.598076 

*8660254 

7 

Heptagon 

3*633912 

1-0382617 

8 

Octagon 

4-828427 

1*2071068 

9 

Enneagon 

6*181824 

1 *3737387 

10 

Decagon 

7*694209 

1*5388418 

11 

Endecagon    - 

9-365640 

1  *7028437 

12 

Dodecagon    - 

11*196152 

1*8660254 

From  the  above  to  find  the  area  of  a  regular  polygon,  multiply  one  of  the  sides  of  the 
polygon  by  the  perpendicular  from  the  centre  on  that  side,  and  multiply  half  the  pro- 
duct by  the  number  of  sides ;  or,  multiply  the  square  of  the  given  side  of  the  polygon 
by  the  number  opposite  to  its  name  under  the  word  area. 

PoLToaaM.  (Or.)     A  figure  consisting  of  many  lines. 

PoLTHJBDRON.  (  Or. )  A  solid  contained  under  many  sides  or  planes.  If  the  sides  of  a 
polyhgedron  l>e  r^^lar  polygons,  all  similar  and  equal,  it  becomes  a  regular  body,  and 
may  be  inscribed  in  a  sphere,  that  is,  a  sphere  may  be  drawn  round  it,  so  that  its  surfiwe 
shall  touch  all  the  solid  angles  of  the  body. 

PoLTSTYLX.  (Or.  IIoAvx  andSrvAof.)     Of  many  columns.     See  Colonnask. 

PoMXL.  (Lat.  Pomum.)     A  globular  protuberance  terminating  a  pinnade,  &e. 

Pontoon.  (Fr.)     A  bridge  of  boats. 

Pooax.     See  Axchitscts,  Ust  of,  112. 

PorLAX.  (Lat.  Populus.)     A  tree  somedmes  used  in  building.     See  p.  486. 

Poacu.  (Fr.^  An  exterior  appendage  to  a  building,  forming  a  covered  approach  to  one 
of  its  principal  doorways. 

PoaruraT.  (Or.)  A  very  hard  stone,  partaking  of  the  nature  of  granite.  It  u  not  so  fine 
as  many  of  the  ordinary  marbles,  but  fiar  exceeds  them  in  hardness,  and  will  take  a  very 
fine  polish.  It  is  still  found  in  Egypt  in  immense  strata.  It  is  generally  of  a  high 
purple,  which  varies^  however,  from  daret  colour  to  violet.  Its  variations  are  rarely  dis- 
posed in  gnuns.  The  red  lead  coloured  porphyry,  which  abounds  in  Minorca,  is  vari^^ted 
with  black,  white,  and  green,  and  is  a  bmutifril  and  valuable  materiaL  The  pale  and 
red  porphyry,  variegated  with  black,  white,  and  green,  is  found  in  Arabia  Petrsca  and 
Upper  Egypt,  and  in  separate  nodules  in  Oermany,  England,  and  Ireland.  The  sorts 
best  known  are  what  the  Italians  call  the  porfido  ros$o  (red),  which  is  of  a  deep  red  with 
oblone  white  spots ;  the  latter  are  of  /tld  tpatk,  which  resembles  aehorL  There  are  two 
varieties  of  black  porphyry,  the  porfido  nero,  or  black  porphyry,  and  that  called  the 
aerpentino  nero  antieo.  The  first  has  a  ground  entirely  black,  spotted  with  oblong  wliite 
spots  like  the  red  porphyry ;  the  other  has  also  a  black  ground  with  great  white  spots, 
oblong,  or  rather  in  the  form  of  a  parallelopipedon,  nearly  resembling  in  coKNir  what 
the  French  call  eerpeniin  vert  caUique,  The  brovm  porphyry  has  a  brown  ground  with 
large  oblong  greenish  spots.  There  are  several  sorts  of  green  porphyry,  which  the 
Italians  principally  distinguish  by  the  names  of  aerpentino  antuo  oerde,  found  in  great 
abundance  and  in  large  blocks  in  the  neighbourhood  of  the  ancient  Ostia,  of  a  green 
ground  with  oblong  spots  of  a  lighter  shade  of  the  same  colour ;  and  the  porfido  oerde, 
which  is  of  aground  of  very  dark  green,  almost  approaching  to  black,  with  lighter  diades 
of  a  fine  grass  green,  llie  art  of  cutting  porphyry,  as  practised  by  the  ancients,  appears 
to  be  now  quite  lost. 
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Portal.  ( Fr.  Portai),  from  Lat  Porta.)  The  arch  over  a  door  or  gate ;  the  framework 
of  the  gate ;  the  lesser  gate,  when  there  are  two  of  different  dimensions  at  one  entrance. 
This  term  was  formerly  applied  to  a  small  square  comer  in  a  room  separated  from  the 
rest  of  the  apartment  by  wainscotting. 

PoaTcuLua.  (  Fr.)  A  strong  gr^ed  framing  of  timber,  resembling  a  harrow,  the  vertical 
pieces  wherieof  were  pointed  with  iron  at  the  bottom,  for  the  purpose  of  striking  into 
the  ground  when  it  was  dropped,  and  also  to  break  and  destroy  that  upon  which  it  felL  It 
was  made  to  slide  up  and  down  in  a  groove  of  solid  stone- work  within  the  arch  of  the  por- 
tals of  old  castles.  Its  introduction  is  supposed  to  have  been  in  the  early  Norman  castles. 

Poanca    (Lat.  Porticus.)     See  Colonmadk. 

Portland  Sionb.  A  dull  white  species  of  stone  brought  from  the  island  of  Portland. 
See  p.  468,  et  9eq. 

PoRTUGUESR  Architxctubb.     See  Book  I.  Chap.  II.  Sect.  19. 

Position.  In  geometry,  the  situation  of  one  thing  in  regard  to  another.  Speaking 
architecturally,  it  is  the  situation  of  a  building  in  respect  of  the  four  cardinal  points  of 
the  horiion. 

Post.  (Fr.)  An  upright  piece  of  timber  set  in  the  earth.  Any  piece  of  timber  whose 
office  is  to  support  or  sustain  in  a  vertical  direction,  as  the  king  and  qveeu  potts  in  a  roof, 
is  so  called. 

Post  and  Palxko.  A  close  wooden  fence  constructed  with  posts  fixed  in  the  ground  and 
pales  nailed  between  them.  This  kind  of  fence  is  sometimes  called  pott  and  raUingt 
though  this  latter  is  rather  a  kind  of  open  wooden  fence,  used  for  the  protection  of  young 
quickset  hedges,  consisting  of  posts  and  rails,  &c. 

PosTicuM.   (Lat)     See  Ckll. 

PosTscKHiuM  or  Parascxnidm.  (Lat.)  In  ancient  architecture,  the  back  part  of  the  theatre, 
where  the  machinery  was  deposited,  and  where  the  actors  retired  to  robe  themselves. 

PosTUMius,  C     See  Arcbitscts,  list  of,  37. 

PouLTRv  Housx.  A  building  for  the  shelter  and  rearing  of  poultry,  whereof,  perhaps,  the 
finest  example  is  that  at  Winnington  in  Cheshire.  The  front  is  one  hundred  and  forty 
foet  in  length,  with  a  pavilion  at  each  end,  united  to  the  centre  by  a  colonnade  of  small 
cast-iron  pillars,  supporting  a  slated  roof,  which  shelters  a  paved  walk.  In  the  centre 
of  the  front  are  four  strong  columns,  and  as  many  pilasters,  supporting  a  slated  roo^  with 
an  iron  gate  between  them,  from  which  a  large  semicircular  court  is  entered,  with  a  co- 
lonnade round  it,  and  places  for  the  poultry.  On  one  side  of  the  gate  is  a  small  parlour, 
and  at  the  other  end  of  the  colonnade  a  kitehen. 

Power.  In  mechanics,  a  force  which,  applied  to  a  machine,  tends  to  produce  motion.  If  it 
actually  produce  it,  it  is  called  a  moving  power,  if  not,  it  is  called  a  tuttaining  power.  The 
term  is  also  used  in  respect  of  the  ux  simple  machines,  vix.  the  /lever,  the  balance,  the  terew, 
the  axit  in  peritrockio,  the  wedge,  and  the  pnBey,  which  are  called  the  meehanieal  powert, 

Posxo,  DxL.     See  Archxtscts,  tist  o^  157. 

PosioLAMo.     See  Possolamo. 

Prjbcinctxo  (Lat)  or  Baltxus.  A  wide  seat,  or  rather  step,  round  the  audience  part  of 
the  ancient  theatres  and  amphitheatres.     It  was  termed  Sio^iwfia  by  the  Greeks. 

PaxACHiNG  Caoss.  A  cross  erected  in  the  highway,  at  which  the  monks  and  others 
preached  to  the  public 

Prbckptort,  a  manor  or  estate  of  the  knights  templars,  on  which  a  church  was  erected 
for  religious  service,  and  a  convenient  house  for  habitation,  and  generally  placed  under 
one  of  the  more  eminent  members  of  the  fraternity,  called  the  praceptoret  templi,  to  have 
care  of  the  lands  and  rente  of  the  place.  The  preceptories  were  nothing  more  than  cells 
to  the  temple,  or  principal  house  of  the  kmghta  in  London. 

Prxsbytbrt.  That  part  of  the  church  reserved  for  the  officiating  priests,  comprising  the 
choir  and  other  eastern  parts  of  the  edifice. 

Prbskrvimo  Timbbb.     See  p.  489. 

Paicxs  OF  Work.     See  p.  6S0,  et  teg, 

PaicK  Posn     The  same  as  Qukbn  Post. 

PaiMx.  (Lat)  A  figure  in  geometry  that  cannot  be  divided  into  any  other  figures  more 
simple  than  itself,  as  a  triangle  in  plane  figures,  and  a  pyramid  in  solids. 

A  prime  nmmber  is  one  that  cannot  be  divided  by  another  number  without  a  remainder. 

Priming.  In  painter's  work,  the  first  colouring  of  the  work,  which  forms  a  ground  for 
the  succeeding  coats. 

Princxtal  Bracb.     One  immediately  under  the  principal  rafters,  or  parallel  to  them,  in 

a  state  of  compresuMi,  assisting,  with  the  principals,  to  support  the  timbers  of  the  roo£ 
PaiNcirAL  Point.     In  perspective,  a  point  in  the  perspective  plane  upon  which  a  line  will 
fidl  dnwn  firom  the  eye  perpendicular  to  that  plane.     The  principal  point  is,  in  itct,  the 
intersection  of  the  horixontal  and  vertical  planes,  or  the  point  of  tighi^  or  of  the  ege. 
Principal  Rafters.     Those  whose  sizes  are  larger  than  the  common  rafters,  and  framed 
in  such  a  manner  as  to  bear  the  principal  weight  of  the  others.     See  p.  548. 
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Faimcipal  Rat.  In  penpeetWe,  the  line  pawing  from  the  eye  to  the  principal  point  qb 
the  perspective  plane. 

Paioar.  A  building  similar  in  its  constitution  to  a  monastery  or  abbey,  the  head  whereof 
was  called  a  prior  or  prioress. 

PaisM.  (Gr.  Upifffia.)  In  geometry,  an  oblong  or  soUd  body  oontuned  under  more  than 
four  planes,  whose  bases  are  equal,  parallel,  and  similarly  situate. 

PaisMoio.  A  solid  figure,  having  for  its  two  ends  any  dissimilar  parallel  plane  figure  oT 
the  same  number  of  sides,  and  all  the  upright  sides  of  the  solid  trapesoids.  If  the  ends 
of  the  prismoid  be  bounded  by  dissimilar  curves,  it  is  sometimes  called  a  eyiimdroid. 

Prison.  A  building  erected  for  the  confinement,  or  safe  custody,  of  those  who  have  trans- 
gressed the  laws  of  their  country,  until,  in  due  course  of  time,  they  are  discharged.  See 
Book  III.  Chap.  III.  Sect  18. 

PaiVATx  Buildings.     See  Book  III.  Chap.  III.  Sects.  20,  SI,  23. 

PaoBLKK.  (Gr.)  In  geometry,  a  proposition  in  which  some  operation  or  construction  is 
required,  as  to  divide  a  line,  to  make  an  angle,  to  draw  a  circle  through  three  points  not 
in  a  right  line,  &c  A  problem  consists  (MP  three  parts :  the  proposition,  which  states 
what  is  required  to  be  done ;  the  resolution  or  solution,  wherein  are  rehearsed  the  step  or 
steps  by  which  it  is  done ;  uid  the  demonstration,  wherein  it  is  shown  that  by  doing  the 
several  things  prescribed  in  the  resolution  the  thing  required  is  obtained. 

PaoDOMDs.  In  ancient  architecture,  the  portico  before  the  entrance  to  the  cell  of  a  temple. 
See  Cell. 

PaoDUciNG.     In  geometry,  the  continuing  a  ri^ht  line  to  any  required  length. 

Profile.  The  vertical  section  of  a  body.  It  is  principally  used  in  its  architectural  sense 
to  signify  the  contour  of  architectural  members,  as  of  bases,  cornices,  &c  The  profile  of 
an  order  is  in  fact  the  outline  of  the  whole  and  its  parts,  the  drawing  whereof  is  technically 
called  profiling  the  order.     PnJUea  of  doort  are  given  in  Book  III.  Chap.  I.  Sect.  19. 

Projection.  The  art  of  representing  a  body  on  a  plane  by  drawing  straight  lines  through 
a  given  point,  or  parallel  firom  the  contour  and  from  the  intermediate  lines  of  the  body, 
if  any,  so  as  to  cut  the  plane.  When  the  projection  is  made  by  drawing  straight  lines  from 
a  point,  it  is  called  a  perspective  rtprteaUaiion  t  but  if  formed  by  parallel  lines,  it  is  called 
an  orihograjMcal  reprtsenUOkm.  See  PaasPECTivB,  in  Book  II.  Chap.  V.  Sect.  2.,  and 
DBscaimvE  GsoMsrav,  Book  II.  Chap.  I.  Sect.  6.  For  the  method  of  projecting  sha^ 
dows,  see  Book  II.  Chap.  IV.  Sect  S. 

PaojEcTURB.  An  out-jetting  or  prominence  beyond  the  naked  of  a  wall,  column,  &c.  By 
the  Greeks  projectures  were  called  w^opat,  by  the  Italians  eporti,  by  the  F^reneh  mOes  ;  so 
our  workmen  called  them  aaiUnpe  over. 

Prolate.  (Lat)  An  epitbet  applied  to  a  spheroid  when  generated  by  the  revolution  of  a 
semi*ellipsis  about  its  longer  dtameterr 

Pron Aos.     See  Crll. 

Proportion.  The  just  magnitude  of  each  part,  and  of  each  part  to  another,  so  as  to  be 
suitable  to  the  end  in  view.  For  the  proportions  of  the  several  parts  of  a  building,  the 
reader  ia  referred  to  Book  III.  Chap.  I.,  wherein  they  are  considered  at  length. 

Proportional  Compasses.     See  Compasses. 

Proportions  op  Rooms.     See  Book  III.  Chap.  I.  Sect  25. 

pROFTL^uM.  ( Gr.  npo,  before,  and  Tlukrft  a  portal. )  Any  court  or  vestibule  before  a  build- 
ing, or  before  its  principal  part ;  but  more  particularly  the  entrance  to  such  court  or 
vestibule. 

Proscenium.  (Gr.)  lliat  part  in  the  ancient  theatre  whereon  the  actors  performed  in 
front  of  the  scene,  being  what  we  call  the  stage.  The  Romana  called  this  part  the 
pufynhtm. 

Prosttls.  (Gt.  npo,  and  l^rvXos,  a  column.)  A  portico  in  which  the  columns  stand  in 
advance  of  the  building  to  which  they  belong. 

Prothyris.  (  Gr. )  A  word  used  in  ancient  architecture  to  signify  a  cross  beam  or  overthwart 
rafter,  as  likewise  a  quoin  or  course  of  a  wall.     See  Console. 

Prothvrum.  (Gr. )     A  porch  at  the  outer  door  of  a  house ;  a  portal. 

Protractor.  (Lat  Pkt>tractus. )  An  instrument  for  laying  down  an  ai^le  in  drawing  or 
plotting. 

PSSUDISODOMUM.       ScC  IsODOMUM. 

Pseudodiptxral  or  False  Dipteral.  A  dispo«iti<m  in  the  temples  of  antiquity  wherein 
there  were  eight  columns  in  front  and  only  one  range  round  the  celL  It  is  called  fiilse 
or  imperfect,  because  the  cell  only  occupying  the  width  of  four  columns,  the  sides  from 
the  columns  to  the  walla  of  the  cdl  have  no  columns  therein,  though  the  front  and  rear 
present  a  column  in  the  middle  of  the  void.     See  Temple. 

PsEUDOPXRiPTBRAL  OP  Imperfxct  Perxptsral.  A  dtsposition  in  the  anaent  temples,  in 
which  the  columns  on  the  sides  were  engaged  in  the  wall,  and  wherein  there  was  no 
portico  except  to  the  fi^^e  -  in  front ;  such  are  the  Maison  Carrie  at  Nismes,  and  tiie 
temple  of  Fortuna  Virilis  at  Rome. 
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Pteka.     See  Aislis. 

Ptxaoha.  (Gr.  Tlrtpovy  a  wing.)  The  space  between  the  wall  of  the  cell  of  a  temple  and 
the  columns  of  the  peristyle,  called  also  amhvlatio, 

PuDDUNG.  The  filling  behind  a  wall,  filling  up  a  cavity,  or  banking  up  with  clay  tem- 
pered with  water,  and  carefully  rammed  down  with  the  repeated  strokes  of  beaters  or 
beetles. 

PooGXNO.  A  coarse  kind  of  mortar  laid  upon  the  sound  boarding  between  joists,  to  pre- 
vent the  transmission  of  sound  firom  the  apartment  above  to  that  below. 

PuG-pxuNo.     The  same  as  dovetailed  piling,  or  pile  planking. 

Pullet.  (Fr.)  One  of  the  five  mechanical  powers,  consisting  of  a  wheel  or  rundle,  having 
a  channel  around  it  and  tuminff  on  an  axis,  serving,  by  means  of  a  rope  which  slides  in 
its  channel,  for  the  raising  of  weights.     See  p.  S9I. 

Pullet  Mortise.     The  same  as  Chase  Moausx,  which  see. 

PuLriT.  ( ItaL  Pulpito.)  An  elevated  place,  an  enclosed  stage  or  platform  for  a  preacher 
in  a  church.  Tlie  ancient  ambo  served  the  same  purpose.  The  pulpits  of  the  present 
day  are  generally  wretched  aflfairs,  and  have  great  affinity  in  form  to  sugar  hogsheads 
or  rum  puncheons  with  the  heads  knocked  out.  The  Catholic  churches  abroad  almost 
invariably  furnish  fine  specimens  of  carving  and  composition  in  their  pulpits. 

PuLrrruM.  (Lat)     See  PaoscxNiuif. 

PuLviNAatA.  (Lat)  Cushions  in  the  andent  temples  whereon  the  statues  of  the  gods 
were  sometimes  laid. 

PuLviNATSD.     See  FaiBZB. 

Pump.     See  p.  584,  585.,  where  the  different  pumps  for  buildings  are  described. 

PuNcuxoN.  (Fr.  Poin9on.)  A  name  conunon  to  iron  instruments  used  in  di^rent  trades 
for  cutting,  ineiding,  or  piercing  a  body.  In  carpentry  it  is  a  piece  of  timber  placed 
upright  between  two  posts  whose  bearing  is  too  great,  serving,  together  with  them,  to 
sustain  some  heavy  weight.  The  term  is  also  applied  to  a  piece  of  timber  raised 
upright  under  the  ridge  of  a  building,  and  in  which  are  jointed  the  small  Umbers.  Also 
to  the  arbor  or  principal  part  of  a  machine  on  which  it  turns  vertically,  as  that  of  a 
crane. 

Puebeck  Stone.  A  species  of  stone  obtained  firom  the  island  of  Purbeck  in  Dorsetshire, 
of  a  very  hard  texture. 

PuarLBD.  (Fr.  Pourfiler.)  Ornamented  work  in  stone,  or  other  material,  representing  em- 
broidery, drapery,  or  lace  work. 

Purlins.  Horisoatal  pieces  of  timber  lying  generally  <«  the  principal  rafters  of  a  roof  to 
lessen  the  bearings  of  the  conunon  rafters. 

PuTBAL.  The  nuurginal  stone  of  a  well.  The  celebrated  one  of  Scribonius  Libo  was 
erected  by  order  of  the  senate  to  mark  the  spot  where  a  thunderbolt  had  fidlen  near  the 
statues  of  Marsyas  and  Janus  by  the  (^omitia. 

Putlogs.     See  Ledgers. 

PuTTT.  A  sort  of  paste  consisting  of  whiting,  with  or  without  a  small  portion  of  white 
lead,  and  linseed  oil,  beaten  together  until  it  assumes  a  kind  of  tough  consistency  like  dough. 
In  tliis  state  it  is  used  by  glasiers  for  fixing  in  the  squares  of  glass  to  sash  windows,  &c., 
and  also  by  house-painters  to  stop  up  holes  and  cavities  in  woodwork  before  painting. 

PuzxoLANA.  A  grey-coloured  earth  deriving  its  name  firom  Puzzuoli,  whence  it  was  origi- 
nally brought.  It  is  a  volcanic  matter  found  in  many  other  parts  of  Italy,  and  generally 
in  the  neighbourhood  of  volcanoes  active  or  extinct,  firom  which  it  has  been  thrown  out 
in  the  form  of  ashes.  It  immediately  hardens  when  mixed  with  one-third  of  its  weight  of 
lime  and  water,  forming  an  admirable  water  cement.     See  Book  II.  Chap.  II.  Sect.  10. 

Ptcnosttlx.  (6r.  Ilviryor,  dose,  and  2rvXor,  column.)     See  Colonnade. 

Ptramxd.  (6r.  IIup,  fire.)  A  solid  standing  on  a  square,  triangular,  or  polvgonal  bans, 
and  terminating  at  top  m  a  point ;  or  a  body  whose  base  is  a  regular  rectilinear  figure 
and  whose  sides  are  pUun  triangles,  their  several  verticals  meeting  together  in  one  point. 
It  is  defined  by  Euclid  as  a  solid  figure  consisting  of  several  triangles  whose  bases  are 
all  in  the  same  plane  and  have  one  common  vertex.  When  the  base  of  a  pyramid  is  but 
small  in  proportion  to  its  height,  it  is  called  an  obdisk.  See  that  woid.  For  some 
account  of  the  pyramids  of  Egypt  see  Book  I.  Chap.  II.  Sect  7. 

The  principal  properties  of  pyramids  are  as  follow :  —  I.  AU  pyramids  and  cones 
standing  on  tiie  same  base  and  having  the  same  altitude  are  equal.  2.  A  triangular 
pyramid  is  the  third  part  of  a  prism,  standing  on  the  same  hose  and  of  the  same  altitude. 
S.  Hence,  rince  every  multangular  may  be  cUvided  into  triongulars,  every  pyramid  is  the 
third  part  of  a  prism  standing  on  the  same  base  and  of  the  same  altitude.  4.  If  a  pyra- 
mid be  cut  by  a  plane  parallel  to  its  base,  the  sections  wiU  be  similar  to  the  base.  5. 
All  pyramids,  prisms,  cylinders,  &c.,  are  in  a  ratio  compounded  of  their  bases  and  alti- 
tudes ;  the  bases  therefore  being  equal  they  are  in  proportion  to  their  altitudes,  and  the 
altitudes  being  equal,  they  are  in  proportion  to  their  bases.  6.  Similar  pyramids, 
prisTOs,  cylinders,  cones,  &e.,  are  in  a  triplicate  ratio  of  their  homologous  sides.     7. 
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Equal  pyramids,  &c.,  reciprocate  their  bases  and  altitudes,  i.  e.  the  altitude  of  one  is  to 
that  of  the  other,  as  the  base  of  the  one  is  to  the  base  oi  the  other.  8.  A  sphere  is  equal 
to  a  pyramid  whose  base  is  equal  to  the  surfiioe,  and  its  height  to  the  radius  of  the 
sphere. 

PvRAifin,  FausTDM  or  a.     See  Fausrvic 

Ptkamidiok.     The  small  flat  pyramid  which  terminates  the  top  of  an  obelisk. 

Pttusds.     See  Ancxiracts,  list  of,  8. 


QuADaA.  (Ital. )  A  square  border  of  frame  round  a  basso-relievo,  panel,  &c. ;  the  term  is 
not  strictly  applicable  to  any  circular  border.  Tlie  term  Is  also  applied  to  the  bands  or 
fillets  of  the  Ionic  base  on  each  side  of  the  sootia ;  and  also  to  the  plinth  or  lower  mem- 
ber of  the  podium. 

QvADaAKOLX.  Any  figure  with  four  angles  and  four  sides.  This  term  is  in  architecture 
in  England  applied  to  the  inner  square  or  rectangular  court  of  a  building,  as  in  the 
college  courts  of  Oxford,  &c. 

QuADaAKT.  (Lat. )  The  quarter  of  a  eirole,  or  an  are  of  it  containing  ninety  degrees  within 
its  enclosed  angle. 

QoADEATuas.  {tsL)  The  determination  of  the  area  of  a  figure  in  a  square,  or  even  any 
other  rectilinear  fiwm. 

QuAoaaLs.  Artificial  stones  perfectly  square,  whence  their  name,  much  used  formerly  by 
the  Italian  architects.  They  were  nude  of  a  ebalky  or  whitish  and  pliable  earth,  and 
dried  in  the  shade  for  at  least  two  years. 

Q,i7ADairoass.  (Lat.)  In  ancient  architecture  folding  doors  whose  height  was  divided 
into  two  parts.  When  they  opened  in  one  hei^t,  they  were  termed  fora  vahattt  or 
vabw, 

QuAoaiLATsaAL.  In  geometry  a  figure  whose  perimeter  consists  of  four  right  lines  making 
four  angles,  whence  it  is  also  called  a  quadrangular  figure. 

QuAaasL,  vulgarly  called  QvAaaT.  (Fr.  Carr^.)  A  square  or  losenge-shaped  piece  ai 
glasa  used  in  lead  casements, 

QuAaaT.  (Irish,  Carrig.)  A  place  whence  stones  or  slates  are  procured.  The  principal 
stone  quarries  of  England  have  been  given  in  the  body  of  the  work.  Book  II.  Chap.  II. 
Sect.  1.  to  which  place  the  reader  is  referred.  Tbe  slates  obtained  from  the  differesit 
quarries  of  the  country  may  be  found  from  the  information  in  Book  II.  Chap.  II. 
Sect  8. 

QuAaariNG.  The  operation  of  extracting  the  produce  of  a  quarry  is  one  which  requires 
much  practical  knowledge  to  render  it  beneficial  to  the  owner  of  a  quarry,  but  in  respect 
of  the  particulars  whereof  this  work  does  not  require  our  notice. 

QuAaTsa  GaAiN.     See  Fxlt  GaAix. 

QoAana  Pack.     See  Foot  Pack. 

QiiARTEa  Partition.     One  consisting  of  quarters. 

QuAaTsa  Round.  The  same  as  Ovolo  and  Echikus,  which  see,  being  a  moulding  whose 
profile  is  the  quadrant  of  a  circle. 

QuAHTxaiNo.     A  series  of  quarters,  as  in  a  partition,  &c. 

QuAaTaaFoiL.  (Fr.  Quatrefeuille.)  A  modem  term  denoting  a  form  disposed  in  four 
segments  of  circles,  and  so  called 'from  its  imagined  resemblance  to  an  expanded  flower 
of  four  petals.  It  is  only  found  in  the  windows,  panuels,  &c,  of  Gothie  arehiteetuie. 
Mr.  Gunn  with  charming  simplicity,  not  unusual  among  the  amateur  writers  on  Gothic 
architecture,  thinks  that  the  form  has  no  reference  to  any  type  in  the  vegetable  kingdom, 
but  that  it  was  originally  a  representation  of  the  Gredt  crota  rounded  towards  the  extre- 
mities. If  the  writings  on  the  subject  fitmi  the  two  universities  of  the  country  were  all 
put  in  juxtaposition,  they  would  perhaps  afford  more  scope  for  mirth  than  was  ever 
exhibited  on  any  subject. 

QuARTxas.  Small  vertical  timber  posts,  rarely  exceeding  four  by  three  inches,  used  instead 
of  waUs  for  the  separation  or  boundary  of  apartments.  They  are  placed,  or  ought  to  be, 
about  twelve  inches  apart,  and  are  usually  lathed  and  plastered  in  the  internal  apart- 
ments, but  if  used  for  extomal  purposes  are  conunonly  boarded. 

QuARTX*  (Germ.)  A  mineral  production  better  known  by  the  name  of  rock  crystaL  It 
includes  a  variety  of  stones  with  which  we  have  notiiing  here  to  do,  and  the  only  motive 
for  mentioning  it  is  its  occurrence  in  the  granites,  wherein  it  is  unmediatdy  recognised, 
ftoxa  its  glass-like  appearance. 

Qjaxr,  (Fr.)  A  bank  formed  towards  the  sea  or  on  the  ride  of  a  river  for  free  passage,  or 
for  the  purpose  of  unloading  merchandise. 

QiTKSM-rosT.     A  suspending  post  where  there  are  two  in  a  trussed  rooC 

Quicklime.     See  Book  II.  Chap.  II.  Sect  10. 

Quirk*     A  piece  taken  out  of  any  regular  ground^plot  or  floor ;   thus,  if  the  ground- 
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phu  were  square  or  oblong,  and  a  piece  were  taken  out  of  the  comer,  such  piece  is  called 

a  quirk 
Quirk  Mouu)im6.     One  whose  sharp  and  sudden  return  from  its  extreme  prqjection  to  the 

re-entrant  angle  seems  rather  to  partake  of  a  straight  line  on  the  profile  than  of  the  curve. 

Of  this  class  are  a  great  number  of  the  ancient  Greek  mouldings. 
Quoins.  (Fr.  Coin.)     A  term  applied  to  any  external  anffle,  but  more  especially  applied 

to  the  angular  courses  of  stone  raised  from  the  naked  of  the  wall  at  the  comer  of  a 

building,  and  called  rustic  quoins.     See  Rumc  Quoihs. 

R. 

Rabbxt.     See  Rbbatx. 

Rabirius.     See  Abchitbcts,  list  of,  44. 

Rack.     The  case,  enclosed  by  bars,  over  the  manger  in  a  stable,  wherein  the  hay  is  placed 

for  the  horses. 
Radial  Curtss.     In  geometry,  those  of  the  spiral  kind  whose  ordinates  all  terminate  in  the 

centre  of  the  including  circle,  and  appear  like  so  many  radii  of  such  circle. 
Radius.     In  geometry,  the  semidiameter  of  a  circle,  or  a  right  line  drawn  from  the  centre 

to  the  circumference. 
Radius  of  Curvaturs.     The  radius  of  the  osculatory  circle  at  any  point  in  a  curve.     See 

OSCULATORT  CiRCLB. 

RAFrASLLz  d*Urbino.     See  Architkcts,  list  of,  185. 

Rafters.  (Quasi,  Roof-trees.)  The  inclined  timbers  of  a  rodi^  whose  edges  are  in  the  same 
plane  which  u  parallel  to  the  covering.  The  rules  and  regulations  that  affect  their  dis- 
position will  be  found  in  p.  544,  et  teq. 

Raqs  and  Rao  Slatxs.     See  Book  II.  Chap.  II.  Sect.  8. 

Rail.  (Germ.  Riegel.)  A  term  applied  in  various  ways,  but  more  particularly  to  those 
pieces  of  timber  or  wood  lying  horizontally,  whether  between  the  panels  of  wainscotting  or 
of  doors,  or  under  or  over  tlM  compartments  of  balustrades,  &c. ;  to  pieces,  in  framing, 
that  lie  from  post  to  post  in  fences ;  in  short,  to  all  pieces  lying  in  an  horizontal  direction 
which  separate  one  compartment  from  another. 

Raimokd.     See  Architkcts,  list  o^  93. 

Rain-watxr  Fipb.  One  usually  placed  against  the  exterior  of  a  house  to  carry  off  the  rain- 
water from  the  roo£ 

Raising  Pikck.  One  which  lies  under  a  beam  or  beams  and  over  the  posts  or  pun- 
chions.  The  term  b  chiefly  used  in  respect  of  buildings  constructed  of  timber  frame- 
work, 

Rakiho.     a  term  applied  to  any  member  whose  arrisses  lie  inclined  to  the  horizon. 

Ramf.  (Fr.)  In  handrails,  a  concavity  on  the  upper  side  formed  over  risers,  or  over  a 
half  or  quarter  pace,  by  a  sudden  rise  of  the  steps  above,  which  frequently  occasions  a 
knee  above  the  ramp.  The  term  is  also  applied  to  any  concave  form,  as  in  coping, 
&c.,  where  a  higher  is  to  be  joined  by  a  continued  line  to  a  lower  body. 

Rampant  Arch.     One  whose  abutments  or  springings  are  not  on  the  same  level. 

Rangk  or  Ranging.  ( Fr.)  A  term  applied  to  the  edges  of  a  number  of  bodies  when 
standing  in  a  given  plane.  Thus,  if  the  edges  of  the  ribs  of  a  groin  were  placed  in  a 
cylindric  sur&ce,  they  would  be  said  to  raii^e.  It  is  also  used  in  respect  of  a  work 
that  runs  straight  widiout  breaking  int&  angles. 

Ranulph.     See  Abchitects,  list  of,  91. 

Rari.     See  Architkcts,  list  o^  140. 

Ratk.  An  expression  used  in  the  Building  Act  (see  p.  819.)  to  denote  the  particular 
class  to  which  a  building  belongs,  in  order  to  determine  the  thickness  of  its  walls  and 
mode  of  building. 

Rat,  principal.  In  perspective)  the  perpendicular  distance  between  the  eye  and  the  per- 
spective plane. 

Rkbatk.  (Fr.  Rebattre.)  A  groove  or  channel  cut  on  a  piece  of  wood,  longitudinally,  to 
receive  the  edge  of  a  body,  or  the  ends  of  a  number  of  bodies  that  are  to  be  secured  to 
it.  The  depth  of  the  channel  is  equal  to  the  thickness  of  the  body ;  so  that  when  the 
end  of  the  latter  is  let  into  the  rebate,  it  is  in  the  same  fiice  with  the  outside  of  the 
piece. 

Rkbatk  Plank.     One  used  for  sinking  rebates. 

RxcKss.  (Lat.  Recedo.)  A  cavity  left  in  a  wall,  sometimes  for  use,  as  to  receive  a  side- 
board, bed,  &C.,  or  to  add  to  the  quantity  of  floor  room,  and  sometimes  for  ornament,  as 
when  formed  into  a  niche,  &c. 

Rkctanqle.  In  geometry,  a  figure  whose  angles  are  all  right  angles.  Solids  are  called 
rectangular  with  respect  to  their  position,  as  a  cone,  cylinder,  &c.,  when  perpendicular  to 
the  plane  of  the  horizon.    A  parabola  was  anciently  called  a  rectangular  section  of  a  cone. 
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RscTiricATioN.  In  geometry,  the  finding  of  a  right  line  that  shell  be  equal  to  a  giTen 
curre,  or  simply  finding  the  length  of  a  curve. 

RscTiLiNSAB.     A  figure  whoee  boundaries  are  right  lines. 

Rkdb.     See  ARCHirxcra,  list  of,  143. 

RsDucT.  A  quirk  or  small  piece  taken  cmt  of  a  larger  to  make  it  more  uniform  and 
regular. 

RanucTioN  of  a  figure,  design,  or  draught,  is  the  copying  it  on  a  smaller  scale  than  the 
original,  preserving  the  same  form  and  proportions.  For  this  purpose  a  pair  of  propor- 
tional compasses  are  generally  used,  by  which  the  labour  is  much  lessened. 

Rbpkctoet.   (Lat)     A  room  for  taking  refreshments.     See  Abbbt. 

Rbflbx.     The  light  reflected  from  a  suiikce  in  light  to  one  in  shade. 

Rbolbt.  (  FV.)  A  flat  narrow  moulding,  used  chiefly  to  separate  the  parts  or  members  of 
compartments  or  panels  from  each  other,  or  to  form  knots,  fi«ts,  and  other  ornaments. 

RBQRATiifa.  In  masonry,  the  process  of  removing  the  outer  suifiice  of  an  old  hewn  stone, 
so  as  to  give  it  a  fresh  appearance. 

Rboula.   (Lat.)     A  band  below  the  taenia  in  the  Doric  architrave. 

Rboulab.  An  epithet  to  a  figure  when  it  is  equilateral  and  equiangular.  A  body  is  said 
to  be  regular  when  it  is  bounded  by  regular  and  equal  planes,  and  has  all  its  solid  angles 
equal. 

Rboulab  Architbctubb.  That  which  has  its  parts  symmetrical  or  di^Nised  in  counter- 
parts. 

Rbgulab  CuavBS.  The  perimeters  of  come  sections,  which  are  always  curved  after  the 
same  geometrical  manner. 

RxiNs  or  A  Vault.     The  sides  or  walls  that  sustain  the  arch. 

RBJOiMTiNa.  The  filling  up  the  joints  of  stones  in  old  buildings  when  the  mortar  has  been 
dislodged  by  age  and  the  action  of  the  weather. 

Relation.  The  direct  conformity  to  each  other,  and  to  the  whole^  of  the  parts  of  a 
building. 

Rbmigius.     See  AacHrrBcrs,  list  of^  89. 

Rbndbrivo.     The  act  of  laying  the  first  coat  of  plaster  on  brickwork. 

Rbplum.   (Lat)     In  ancient  architecture,  the  panel  of  the  impages  of  a  framed  door. 

Rbbbdos.  (Fr.  Arri^redos.)  A  screen  or  division  wall  placed  behind  an  altar,  rood-loft,  &c 
in  old  churches. 

Rbsbbvoir.  (Fr.)  An  artificial  pond,  basin,  or  cistern  for  the  oolleotion  and  supply  of 
water. 

Rbsistancb.  That  power  which,  acting  in  opposition  to  another,  tends  to  destroy  or 
diminish  its  effect  There  are  several  sorts  of  resistanoe,  arising  frtnn  the  various  natures 
and  properties  of  the  resistins  bodies,  as  the  resistance  of  solids,  fluids,  air,  &e. 

The  resistance  of  solid  bodies  is  the  force  with  which  their  quiescent  parts  retun  their 
aggregation.  Of  it  there  are  two  kinds :  first,  where  the  resisting  and  the  resisted  parts 
are  only  contiguous  and  do  not  cohere,  or,  in  other  words,  where  they  consist  of  separate 
bodies  or  masses.  This  is  by  Leibniti  called  the  regiatance  of  the  tmfaee,  now  however 
called  friction.  Second,  where  the  resisting  and  resisted  parts  are  not  only  oontiguotts, 
but  cohere,  that  is,  are  parts  of  the  same  continued  body  or  mass.  To  these  may  be  added 
the  resistance  that  takes  place  between  surfoces  or  solids  when  completely  in  contact* 
tihough  not  forming  the  same  body,  or  the  resistance  they  offer  to  separation.  To  form  a 
notion  of  the  resistance  of  the  fibres  of  solid  bodies,  suppose  a  cylindrical  body  su^>ended 
vertically  by  one  of  its  ends.  Here  the  weight  of  the  parts  naakes  them  tend  downwards 
and  endeavours  to  separate  the  body  where  it  is  weakest  The  parts,  however,  reast  this 
separation  by  the  force  with  which  tber  cohere.  In  this  case,  th«i,  we  see  two  opposite 
powers,  viz.  the  weight  of  the  cylind^*,  which  has  a  tendency  to  break  it,  and  the  force 
of  cohesion  to  resist  fracture.  If  the  bwse  of  the  cylinder  be  increased,  the  length  re- 
maining the  same,  it  is  manifest  that  the  resistance  will  increase  as  the  base ;  but  the 
weight  will  also  increase  in  the  same  ratio.  Hence,  all  cylinders  of  the  same  matter 
and  length,  when  vertically  suspended,  have  an  equal  resistance,  whatever  their  bases. 
When  the  length  of  the  cylinder  is  increased,  the  base  and  the  resistance  remaining  the 
same,  the  additional  weight  weakens  it,  and  it  will  have  a  greater  tendency  to  break. 

We  thus  learn  what  length  a  cylinder  may  be  so  as  to  break  with  its  own  weight, 
by  finding  what  weight  is  just  sufficient  to  break  another  cylinder  of  the  same  base  and 
matter ;  for  the  required  length  must  be  such  that  its  weight  may  be  equal  to  that  of  tiie 
first,  with  the  additional  weight  employed  to  produce  the  separation. 

If  the  cylinder  be  fixed  horisontally  into  a  wall,  and  tihe  rest  thence  suspended,  the 
weight  and  resistance  will  act  under  different  conditions,  for  if  it  broke  by  the  action  of 
its  weight,  the  fracture  would  occur  at  the  end  fixed  into  the  wall.  In  the  fracture  of  the 
cylinder  two  forces  have  acted,  and  one  has  overcome  the  other ;  that  is,  the  wogfat  of 
the  mass  of  the  cylinder  has  overcome  the  resistance  arising  firom  the  largeness  of  the 
base;  and  as  the  centres  of  gravity  are  points  in  which  all  the  forces  ariring  from  the 
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weightB  of  the  sereral  parts  of  the  same  bodies  are  supposed  to  be  collected,  we  may 
conceive  the  weight  of  the  whole  cylinder  applied  in  the  centre  of  gravity  of  its  mass, 
that  is,  in  a  point  in  the  middle  of  the  axis ;  and  the  resistance  of  the  cylinder  applied  in 
the  centre  of  gravity  of  its  base,  it  being  the  base  which  resists  the  fracture.  If  the 
cylinder  breaks  with  its  own  weight  all  the  motion  is  on  an  immoveable  extremity  of  the 
diameter  of  the  base,  which  extremity  is  the  fixed  point  of  a  lever,  whose  arms  are  the 
radius  of  the  base  and  half  the  axis ;  hence,  the  two  opposite  forces  do  not  only  act  of 
themselves  and  by  their  absolute,  but  also  by  the  relative  force  derived  from  their  distance 
with  regard  to  the  fixed  point  of  the  lever. 

The  weight  required  to  break  a  body  placed  horizontally  being  always  less  than  that 
required  to  break  it  when  placed  vertically,  and  being  greater  or  less  according  to  the 
ratio  of  the  two  arms  of  the  lever,  the  theory  is  reducible  to  the  finding  what  part  of  the 
absolute  weight  the  relative  weight  must  be,  supposing  the  figure  of  the  body  known, 
which  is  necessary  for  finding  the  centre  of  gravity.  But  wherever  the  centre  of  gravity 
foils,  the  two  arms  of  the  lever  are  estimated  accordingly.  If  the  base  by  which  the  body 
is  fixed  in  the  wall  be  not  circular,  but,  for  an  example,  parabolical,  and  the  vertex  of  the 
parabola  be  at  top,  the  motion  of  the  fracture  will  not  be  on  an  immoveable  point,  but  on 
a  whole  immoveable  line,  which  may  be  termed  the  axis  of  equilibrium,  and  it  is  with 
regard  thereto  that  the  distances  of  the  centres  of  gravity  are  to  be  determined. 

A  body  horizontally  suspended,  being  such  that  the  smallest  addition  of  weight  would 
break  it,  there  is  an  equilibrium  existing  between  its  positive  and  relative  weight ;  those 
two  opposite  powers  are  consequently  to  each  other  reciprocally  as  the  arms  of  the  lever 
to  which  they  are  applied.  So,  e  eonverto,  the  resistance  of  a  body  is  always  equal  to  the 
greatest  weight  it  will  sustiun,  without  breaking,  in  a  vertical  situation,  that  is,  equal  to 
its  absolute  weight  If  we,  therefore,  substitute  actual  weight  for  the  resistance,  it  fol- 
lows that  the  absolute  weight  of  a  body  suspoided  horizontally  is  to  its  relative  weight, 
as  the  distance  of  the  centre  of  gravity  from  the  axis  of  equilibrium  is  to  the  distance 
of  the  centre  of  gravity  of  its  base  fit>m  the  same  axis.  From  this  fundamental 
proposition  many  consequences  are  deducible.  Thus,  if  the  distance  of  the  centre  of 
gravity  of  the  base  from  the  axis  of  equilibrium  be  half  the  distance  of  the  centre  of 
gravity  of  the  body,  the  relative  weight  will  only  be  half  the  absolute  weight 

M.  Mariotte  having  observed  that  all  bodies  bend  before  breaking,  considers  the  fibres 
as  so  many  little  bent  springs,  never  exerting  their  whole  finrce  till  stretched  to  a  certain 
point,  and  never  breaking  till  entirely  unbent.  Hence  those  nearest  the  axis  of  equi- 
librium, which  is  an  immoveable  line,  are  less  stretched  than  the  more  distant  ones,  and 
consequently  employ  a  less  part  of  their  force. 

The  following  is  a  synopsb  of  the  most  important  results  that  have  been  drawn  by 
different  writers  on  the  subject,  both  practical  and  theoretical :  — 

I.  The  resistance  of  a  beam  or  bar  to  a  fracture  by  a  force  acting  laterally  is  as  the 
solid  made  by  a  section  of  the  beam  in  the  place  where  the  force  is  applied,  into  the  dis- 
tance of  its  centre  of  gravity  from  the  point  or  line  where  the  breach  will  end. 

9.  In  square  beama  the  lateral  strengths  are  as  the  cubes  of  their  breadths  and 
depths. 

3.  In  cylindric  beams,  the  resistances  of  strengths  are  as  the  cubes  of  the  diameters. 

4.  In  rectangular  beams  the  lateral  strengths  are  conjointly  as  the  breadths  and  squares 
of  the  depths. 

5.  The  lateral  resistances  of  any  beams  whose  sections  are  similar  figures  and  alike 
placed  are  as  the  cubes  of  the  like  dimensions  of  those  figures. 

6.  The  lateral  strength  of  a  beam,  with  its  narrower  fiux  upwards,  is  to  its  strength 
with  the  broader  fiwe  upwards,  as  the  breadth  of  the  broader  foce  to  the  breadth  of  the 


7.  The  lateral  strengths  of  prismatic  beams,  of  the  same  materials,  are  as  the  areas  of 
the  sections  and  the  distanoe  of  their  centre  of  gravity  directly,  and  as  their  lengths  and 
weights  reciprocally. 

8.  When  the  beam  is  fixed  at  both  ends,  the  same  property  has  place,  except  that 
in  this  case  we  must  consider  the  beam  as  only  half  the  length  of  the  former. 

9.  Cylinders  and  souare  prisms  have  their  lateral  strengths  proportional  to  the  cubes 
of  their  diameters  or  aepths  directly,  and  their  lengths  and  weights  inversely. 

10.  Similar  prisms  and  cylinders  have  their  strength  inversely  proportional  to  their 
linear  dimensions. 

The  relative  resistanoe  of  wood  and  other  bodies  is  shown  in  the  following  table  :  — 

Proportional  Retlitance. 

Box,  yew,  plum  tree,  oak    -  -  -  -     1 1 

Elm,  ash     -  -  -  -  -  'Si 

Walnut,  thorn         -  -  -  -  -       ^l 

Red  fir,  holly,  elder,  plane,  crab-tree,  apple-tree  -       7 

Beech,  cherry-tree,  hazel     -  -  -  "       ^J 

3  U 
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PropoTtUMul  Reibtanee. 
Alder,  asp,  birch,  white  fir,  willow  ...  6 

Iron 107 

Brass  ....---50 

Bone -  22 

Lead 64 

Fine  freestone         ..----  1 

The  following  table  shows  the  cobesiTe  force  of  a  square  inch  of  different  substances 
from  the  experiments  of  Professor  Robinson :  — 

lbs. 
Gold  when  cast  .....         20<X)0 

ffiWer 40O00 

Cast  iron  .....   40*000  to  60-000 

Wrought  iron     ....  -   60-000  to  90<X)0 

Soft  steel 12-000 

Razor  steel  --..--  15-000 
Oak  and  beech  in  the  direction  of  their  fibres  from  8-000  to  17-000 
Willow  -  -  -  -  -         I2KXX) 

Fir         ------  -  8-000 

Cedar SOOO 

Ivory      --.--.-         16-000 
Bone       .......  5-000 

Rope       .......         20-000 

Resolution  op  Foacxs.     Seep.  381. 

RxssAULT.  (Fr.)  The  recess  or  projection  of  a  member  from  or  before  another,  so  as  to  be 
out  of  the  line  or  range  with  it. 

RxTAiNiNG  Walls.     Such  as  are  built  to  retain  a  bank  of  earth  from  sliding  down. 

RmcuLATSD.  Like  the  meshes  of  a  net  The  retieulatum  cpmt  of  the  ancients  is  described 
under  the  article  Masonkt,  which  see. 

Rbtum.  The  continuation  of  a  moulding,  projection,  &c.,  in  an  opposite  direcUon.  A 
side  or  part  which  fiiUs  away  from  the  front  of  a  straight  work. 

RrruM  Bead.     See  Bead  and  Doubls  Qui  ax. 

RavBALS.  (Lat  Revello.)  The  vertical  sides  of  an  aperture  between  the  front  of  the  wall 
and  the  window  or  door  frame. 

Revolution.  In  geometry,  the  motion  of  a  point  or  line  about  a  centre.  Thus  a 
right-angled  triangle,  revolving  round  one  of  its  legs  as  an  axis,  generates  a  come  in  its 
revolution. 

Rhomboid.  (  Gr. )     A  quadrilateral  figure  whose  opposite  sides  and  angles  are  equaL 

Rhombus.  ( Gr. )  A  quadrilateral  figure,  whose  sides  are  all  equal,  and  whose  opposite 
angles  are  respectively  equal,  two  being  obtuse  and  two  acute. 

Rib.  (Sax.)  An  arch-formed  piece  of  timber  for  supporting  the  lath  and  plasty  work  of 
a  vault. 

Ribbing.     An  assemblage  of  ribs  for  a  vault  or  coved  ceiling. 

Ridob.  (Sax.)  llie  highest  part  of  a  roof.  The  term  b  more  particularly  iqpplied  to  the 
piece  of  timber  against  which  the  upper  end  of  the  rafters  pitch. 

Ridge  Tilb.     A  convex  tile  made  for  covering  the  ridge  of  a  roo£ 

Riga  Timber.     See  p.  484. 

Right  Angle.     One  containing  ninety  degrees. 

Right  Cieclb.     A  circle  drawn  at  right  angles  with  the  plane  of  projection. 

Right  Line.     A  line  perfectly  straight. 

RiUEvo  (It.)  or  Relief.  The  projecture  froixi  its  ground  of  any  architectural  ornament. 
Among  sculptora  there  are  three  degrees  of  rilievo ;  namely,  ailo  rilievOf  when  tiie  figure 
stands  quite  out  from  its  ground ;  mezzo  rilievOf  when  one  half  of  the  figure  projects ; 
and  btuto  rilievo,  when  the  figures  are  raised  firom  the  ground  in  a  small  degree. 

RiPLEV.     See  AacRrrBcrs,  list  of,  283. 

Rod.  a  measure  of  length  equal  to  1 6)  foet.  A  square  rod  is  the  usual  measure  of  brick- 
work, and  b  equal  to  2721  square  fiset. 

Rod  Stone  or  OoLrrE.  A  kind  of  limestone,  found  under  chalk  in  various  parts  of  Eng- 
land.    See  Book  II.   Chap.  II.   Sect.  4. 

Roger,  Archbishop  or  York.     See  ARCHrmcrs,  Ibt  of,  97. 

Rolls.  Pieces  of  wood  prepared  for  the  plumber  to  turn  over  the  lead  where  the  sheets 
join,  so  as  to  protect  the  flat  roof  or  edge  from  the  admission  of  water.  The  term  also 
signifies  in  Gothic  architecture  mouldings  representing  bent  cylinders. 

Rolls  or  Rollers.  Among,  workmen  are  plain  cylinders  of  wood,  seven  or  eight  inches 
diameter  and  three  or  four  feet  long,  used  for  the  purpose  of  moving  large  stones,  beams, 
and  other  heavy  weights.     They  are  placed  saecesaively  under  the  fore  part  of  the  maases 
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to  be  removed,  and  at  the  same  time  are  pushed  forward  by  levers  applied  befaiiuL  When 
blocks  of  marble,  or  other  very  heavy  weights,  are  to  be  moved,  they  use  what  are  called 
endleu  nUa.  These,  to  give  them  the  greater  force  and  prevent  their  bursting,  are  made 
of  wood  joined  together  by  cross-quarters,  double  the  length  and  thickness  of  the  common 
rollers,  and  girt  with  iron  hoops  at  each  end.  At  a  foot  from  the  ends  are  two  mortises 
pierced  through  and  through,  into  which  are  put  the  ends  of  long  levers,  which  the 
workmen  draw  by  ropes  fastened  to  the  ends,  still  changing  the  mortise  as  the  roll  has 
made  a  quarter  of  a  turn. 

BoMAH  AacHrrxcTDME.     See  Book  L  Chap.  II.  Sect  13. 

RoxAir  O&Duu     The  same  as  Compositb  Oanxa,  which  see. 

RoMUALnns.     See  AacHrrxcrs,  listo^  71. 

Rood.  (Sax.  Robe.)  A  cross,  crucifix,  or  figure  of  Christ  on  the  cross  placed  in  a  church. 
The  hofy  rood  was  one,  generally  as  large  as  life,  elevated  at  the  junction  of  the  nave  and 
choir,  and  fiicing  to  the  western  entrance  of  the  church.  The  rood  loft  was  the  gallery  in 
which  the  rood  and  its  appendages  were  placed.  This  loft,  or  gallery,  was  commonly 
placed  over  the  chancel  screen  in  parish  churches.  In  Protestant  churches  the  organ 
now  occupies  the  original  place  of  the  rood  loft  The  rood  tower  or  steeple  was  that 
which  stood  over  the  intersection  of  the  nave  with  the  transepts. 

Roof.  (Sax.  Roj*,  Hnoj*. )  The  exterior  covering  of  a  building,  for  whose  principles  of  con- 
struction  and  various  sorts  the  reader  is  referred  to  p.  544,  et  teg. 

RooriMG.  The  assembhige  of  timbers,  and  covering  of  a  roof  whose  pitch  in  this  climate,  for 
different  coverings,  is  shown  in  the  following  table  :  — 

Species  of  Covering.  locUnatton  to  the  HoriEon.  Height  of  Roof  in  Part  of  the  Spu. 

Copper  or  lead  -  -  3°  50"  -  -  one-forty-eighth. 

Large  slates  -  -  32  0  -  .  one-fifth. 

Common  slates  -  -  26  33  -  .  one-quarter. 

Stone  slates  -  -  29  41  -  .  two-sevenths. 

Plain  tiles  -  -  29  41  -  .  two-sevenths. 

Pan  tiles  -  -  24  0  -  .  two-ninths. 

Thatch  -  -  45  O  -  -  one^hall 

Room.  (Sax.  Rum.)  An  interior  space  or  division  of  a  house,  separated  from  the  re- 
mainder of  it  by  walls  or  partitions,  and  entered  by  a  doorway. 

Rooms,  PaoroarzoNS  or.     See  Book  III.  Chap.  I.  Sect  25. 

RosB  or  Rosrrrx.  An  ornament  of  frequent  use  in  architectural  decorations.  The 
centre  of  the  face  of  the  abacus  in  the  Corinthian  capital  is  decorated  with  what  is  called 
a  rose. 

RosB  WiKDOw.  A  circular  window  with  compartments  of  mullions  and  tracery  branching 
fi^m  a  centre,  sometimes  called  a  Catharine  wheel  or  marigold  window, 

RosrauM.  (Lat)  Literally,  the  beak  of  a  bird ;  also  the  beak  or  fore-part  of  a  ship;  the. 
elevated  platform  in  the  Forum  of  ancient  Rome,  whence  the  orators  addressed  the  people, 
so  called  fit>m  its  basement  being  decorated  with  the  prows  of  ships.  The  term  is  now 
used  generally  to  signify  a  platform  or  elevated  spot  from  which  a  speaker  addresses  his 
audience. 

Rot,  DaT.     An  extremely  destructive  disease  incident  to  timber.     See  p.  490. 

RoTUKDA  or  RoTONDO.  (Ital.)  A  building  circular  on  the  interior  and  exterior,  such  as 
the  Pantheon  at  Rome.     See  CxacuLAa  Buildings. 

RouoB-cAST.  A  species  of  plastering  used  on  external  walls,  consisting  of  a  mixture  of 
lime,  small  sheUs  or  pebbles,  occasionally  fragments  of  glass  and  similar  materials.  This 
is  usually  applied  to  cottages. 

RuDCNTuax.  (Lat  Rudis,  a  rope.)     The  same  as  Cabling,  which  see. 

RuDxaATxoK.  (Lat.  Ruderatio.)  A  method  of  laying  pavementr,  mentioned  by  Vitruvius, 
and  according  to  some,  of  building  wtdls  with  rough  pebbles  and  mortar.  The  mortar 
called  tUdumen  by  Vitruvius  was  made  of  lime  and  sand. 

Ruiz.     See  AacuxTEcrs,  list  of,  226. 

Rule.  An  instrument  for  measuring  short  lengths.  Of  rules  there  are  various  sorts,  each 
adapted  to  the  class  of  artificers  for  whose  use  they  are  made.  Thus,  there  are  stone- 
cutters* rules,  masons*  rules,  carpenters*  rules,  sliding  and  parallel  rules,  &c.  The  sliding 
rule  is,  however,  of  more  genersil  use,  as  it  solves  a  number  of  questions  from  the  change 
of  the  position  of  the  slider  by  inspection,  and  therefore  of  much  importance  to  the  less 
educated  artisan. 

Rural  Architxcture.     See  Book  III.   Chap.  III.   Sections  22,  23,  and  24. 

Russian  AacBrrEcruaK.     Book  I.  Chap.  II.   Sect  20. 

IlufcTic  Oanaa.  A  species  of  building  wherein  the  faces  of  the  stones  are  hatched  or 
picked  with  the  point  of  a  hammer. 

Rustic  Quoins  or  Coins.     'Die  lapidet  minantea  of  Vitruvius,  the  stones  placed  on   the 
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external  angles  of  a  building  projecting  beyond  the  naked  of  the  wall.  The  edges  are 
bevelled,  or  the  margins  recessed  in  a  plane  parallel  to  the  &oe  or  plane  of  the  walL 
Rustic  Work.  A  mode  of  building  masonry  wherein  the  fiwes  of  the  stones  are  left 
rough,  the  sides  only  being  wrought  smooth  where  the  union  of  the  stones  takes  place. 
It  was  a  method  much  practised  at  an  early  period,  and  re-introduced  by  Bninelleschi  at 
the  revival  of  the  arts.  The  most  common  sorts  of  rustic  work  are  the  /rotted,  which 
has  the  margins  of  the  stones  reduced  to  a  plane  parallel  to  that  of  the  wall,  the 
intermediate  parts  having  an  irregular  surfi^ce ;  vermiculattd  rustic  work,  wherein  the 
intermediate  parts  present  the  appearance  of  having  been  worm-eaten ;  ekamfered 
rustic  work,  in  wliich  the  fiue  of  the  stones  bdng  smoothed  and  made  paralld  to  the 
surface  of  the  wall,  and  the  angles  bevelled  to  an  angle  of  one  hundred  and  thirty-five 
degrees,  with  the  tue  of  the  stone,  where  they  are  set  in  the  wall,  the  bevel  of  the  two 
adjacent  stones  forms  an  internal  right  angle. 

& 

SAiuaax.  (Fr.)     An  obsolete  word,  signifying  a  piece  of  timber  as  long  as  a  beam,  but 

•  not  so  thick. 

SACCHsm.     See  AacHiracrs,  list  o£,  286. 

Sackllum.  (Lat)  In  ancient  Roman  architecture,  a  small  inclosed  space  without  a  rocrfl 
Small  sacella,  too,  were  used  among  the  Egyptians,  attached  frequently  to  the  larger 
temples.  In  old  church  architecture,  the  term  signifies  a  monumental  chapel  within  a 
church,  also  a  small  chapel  in  a  village. 

Sacomx.  (Ital.)  The  exact  profile  of  a  member  or  moulding,  applied  by  the  French  to 
the  mouldings  themselves. 

SACSAaxuM.  (Lat)  A  small  sacred  apartment  in  a  Roman  house,  devoted  to  a  particular 
deity  ;  also  the  oeiZo,  pnutrak  or  adytwrn  of  a  temple. 

Sacristy.     See  Diacomicum. 

Saddli-backxd  Con  no.     See  Copino. 

Sao  or  Saqoi  no.  The  bending  of  a  body  by  its  own  weight  when  resting  inclined  or 
horizontally  on  its  ends. 

Saoitta.  (Lat.  an  arrow.)  A  name  sometimes  applied  to  the  keystone  of  an  arch.  In 
geometry,  it  is  often  employed  to  signify  the  abscissa  of  a  curve ;  and  in  trigonoioetry 
it  is  the  versed  sine  of  an  arc,  which,  as  it  were,  stands  like  a  dart  upon  the  chord. 

Sail  ovxa.     See  PaojxcTuaa. 

Sa LEANT.  (  Fr. )     A  term  used  in  respect  of  a  projection  of  any  part  or  member. 

Sallt.  a  projecture.  The  end  of  a  piece  of  timber  cut  with  an  interior  angle  formed 
by  two  planes  across  the  fibres.  Thus  the  feet  of  common  rafters,  and  the  inclined 
pieces  which  support  the  flying  steps  of  a  wooden  stair,  are  frequently  cut ;  as  are,  like* 
wise,  the  lower  ends  of  all  inclined  timbers  which  rest  upon  plates  or  beams. 

Salon  or  Saloon.  (Fr.)  A  lofty  and  spacious  apartment,  frequently  vaulted  at  top, 
and  usually  comprehending  the  height  of  two  floors  with  two  tiers  of  windows.  Its 
place  is  commoidy  in  the  middle  of  a  building,  or  at  the  head  of  a  gallery,  &c.  In 
palaces  it  is  the  state  room. 

San  Gallo  Antonio.     See  Abchitxcts,  list  of^  199. 

San  Gallo  di  Giul.     See  AacHiTxcrs,  list  o^  178. 

San  Lucano.     See  Architxcts,  list  of,  183. 

San  Michkli.     See  Architects,  list  of,  SIS. 

Sand.     See  Book  II.  Chap.  II.  Sect  10. 

Sandstone.  In  mineralogy,  a  stone  principally  composed  of  grains,  or  particles  of  mnd, 
either  united  with  other  mineral  substances  or  adhering  without  any  visible  oemmit. 
The  grains  or  particles  of  sandstone  are  generally  quarts,  sometimes  intermixed  with 
feldspar  or  particles  of  slate.  When  lime  is  the  cementing  matter  the  stone  is  called 
calcareous  sandstone.  The  cementing  matter  is  not  unfirequently  oxide  of  iron  in- 
termixed with  alumine.  The  particles  of  sand  in  these  stones  are  of  various  sixes, 
some  being  so  small  as  to  be  scarcely  visible.     See  Book  II.  Chap.  II.  Sect.  1. 

Sap.  The  juice  or  pith  of  trees  that  rises  firom  the  earth  and  ascends  into  the  arms, 
branches,  and  leaves,  to  feed  and  nourish  them.  Also  that  part  of  the  stem  or  wood  of 
the  body  of  a  tree  that  is  soft,  white,  &c.  The  term  is  used  also  as  a  veri^  to  denote  the 
undermining  a  wall  by  digging  a  trench  under  it. 

Saphkta.     The  same  as  Sopfitb  or  Sofite,.  which  see. 

Saracenic  ARcurrxcruRE.     See  Book  I.  Chap.  II.  Sect  10. 

Sarcophagus.  i'Zap^  flesh,  and  4ay»,  to  eat)  A  tomb  or  coffin  made  of  one  stone.  From 
Pliny  it  appears  to  have  been  originally  applied  as  the  name  of  a  stone  found  in  the 
Troad,  which,  from  its  powerful  caustic  qualities,  was  selected  for  the  construction  of 
tombs.  From  its  frequent  application  to  this  purpose  the  name  became  at  l«igth  used 
for  the  tomb  itself.  Sarcophagi  were  made  of  stone,  marble,  alabaster,  porphyry,  &c. 
llie  Greeks  sometimes  made  them  of  hard  wood,  as  oak,  cedar,  or  cypress,  which  reasted 
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moisture ;  sometimes  of  terra  cotta,  and  even  of  metal.  The  form  was  usoally  a  long 
square,  the  angle  being  rounded.  The  lid  varied  both  in  shape  and  ornament  Those 
of  the  primitive  Christians  often  enclosed  several  corpses,  and  were  ornamented  with 
several  sets  of  bassi  rilievi.  Those  of  higher  antiquity  were  frequently  sculptured  with 
great  taste  and  beauty  of  design,  the  figures  being  those  of  the  deceased,  or  parties  con- 
nected with  them,  allegorical  or  mytholc^cal.  The  Egyptian  sarcophagi  are  sculptured 
with  hieroglyphics.  Those  of  the  Greeks  and  Romans  sometimes  represent  Sleep  and 
Death  with  their  legs  crossed,  one  hand  supporting  the  head  and  the  other  holding  an  in- 
verted torch ;  sometimes  Mercury  is  represented  conducting  the  Souls  and  Charon 
ferrying  them  over  in  his  bark.  Occasionally  we  find  on  them  groups  of  bacchanals  and 
bacchic  scenes. 

Sash.  (Fr.  Chasis,  a  firame.)  A  firame  for  holding  the  glass  of  windows,  and  so  formea  as 
to  be  raised  and  depressed  by  means  of  pulleys.  Sashes  are  single  or  double  hung,  or 
hung  with  hinges.     See  p.  572. 

Sash  Feamv.  Tlie  frame  in  which  the  sashes  are  fitted  for  the  convenience  of  sliding  up 
and  down,  or,  when  hung  with  hinges,  to  receive  them  after  the  manner  of  hanging  a  door. 

Saurus.     See  Architects,  list  ot,  34. 

Saw.  (Dutch,  SAwe.)  A  tool  made  of  a  thin  plate  of  steel,  formed  on  the  edge  into 
regular  teeth  for  cutting  wood,  stone,  8ce.     Saws  are  of  various  kinds.     See  p.  565, 

Saw- PIT.  A  pit  excavated  for  sawing  timber.  The  sawing  is  performed  by  two  persons 
called  Bowyen,  one  standing  above  and  the  other  below.  Much  of  the  labour,  however, 
is  saved  by  the  use  of  a  saw-mill,  or  machine  moving  a  circular  saw,  which  by  its 
revolutions  and  keeping  the  timber  dose  up,  performs  the  work  quicker  and  better 
than  can  be  done  by  the  labour  just  described. 

Saxon  Arcuxtxctdee.     See  Book  I.  Chap.  III.  Sects.  1  and  2. 

Saxulphus.     See  AacHrrEcrs,  list  ot,  66. 

ScABSLLUM.  (Lat.)  A  species  of  pedestal  anciently  used  to  support  busts  or  statues.  It 
was  high  in  proportion  to  its  breadth,  ending  in  a  kind  of  sheath,  or  in  the  manner  of  a 
baluster. 

Scaffold.  (Fr.  Echaufaud.)  An  assemblage  of  planks  or  boards  sustained  by  pieces  of 
wood  made  fiut  to  vertical  poles,  and  at  the  other  end  often  resting  on  the  walls,  by  means 
whereof  the  workmen  carry  up  a  building,  or  plasterers  complete  their  work  in  the  in- 
terior of  houses.  On  the  Continent,  scaffolds  for  public  building  are  much  more  solidly 
constructed  than  in  this  country. 

ScAGLioLA.  (Ital.)  A  species  of  plaster  or  stucco  invented  at  Carpi,  in  the  state  of  Mo- 
dena,  by  Guido  Sassi,  between  1600  and  1649.  It  is  sometimes  called  misehia,  firom  the 
mixture  of  colours  introduced  in  it.  It  was  not,  however,  till  the  middle  of  the  eighteenth 
century  that  the  art  of  making  scagliola  was  brought  to  perfection.  The  following  is 
the  method  of  making  columns  and  pilasters: — A  wooden  cradle,  composed  of  thin  strips 
of  deal  or  other  wood  is  made  to  represent  the  column  designed,  but  about  2J  inches  less 
in  diameter  than  the  shaft  is  intended  to  be  when  finished.  This  cradle  is  lathed  round, 
as  for  common  plastering,  and  then  covered  with  a  prieking-up  coat  of  lime  and  hair. 
When  this  is  quite  dry,  the  scagliola  artist  commences  his  operations,  and,  by  imitating 
the  rarest  and  most  precious  marbles,  produces  a  work  which  cannot  be,  except  by  frac- 
ture or  sound,  discovered  to  be  counterfeit.  The  purest  gypsum  which  can  be  obtained 
is  broken  into  snudl  pieces,  and  calcined.  As  soon  as  the  largest  fragments  lose  their 
brilliancy,  the  fire  is  withdrawn ;  the  calcined  powder  is  passed  through  a  very  fine 
sieve,  and  mixed  up  with  a  solution  of  Flanders  glue,  isinglass,  &c.  In  this  solution  the 
colours  are  diffused  that  are  required  to  be  imitated  in  the  marble ;  but  if  the  work  is  to 
be  of  various  colours,  each  colour  is  separately  prepared,  and  they  are  afterwards  mingled 
and  combined  nearly  in  the  same  manner  that  a  painter  mixes  the  primitive  colours  on 
his  palette  to  compose  his  different  tints.  When  the  powdered  gypsum  is  prepared  and 
mingled  for  the  work,  it  is  laid  on  the  shaft  of  the  column  or  other  surface  over  the 
pricked-up  coat  of  lime  and  hiur,  and  it  is  then  Jloated  with  proper  moulds  of  wood,  the 
artist  during  the  floating  using  the  colours  necessary  for  the  imitation,  by  which  means 
they  become  mingled  and  incorporated  with  the  surfince.  The  process  of  polishing 
follows ;  and  this  is  done  by  rubbing  the  surface  with  pumice-stone  in  one  of  his  hands, 
while  with  the  other  he  cleans  it  with  a  wet  stone.  It  is  then  polished  with  tripoli  and 
charcoal  and  fine  and  soft  linen ;  and  after  going  over  it  with  a  piece  of  felt  dipped  in  a 
mixture  of  oil  and  tripoli,  he  finishes  with  application  of  pure  oil. 

Scale.  (Sax.)  A  line  divided  into  a  certain  number  of  equal  parts,  usually  on  wood, 
ivory,  or  metal,  for  laying  down  heights  and  distances  in  mathematical  and  architectural 
drawing.  There  are  various  sorts  of  scales ;  as,  the  plane  scale,  Gunter*s  eeale,  the  diagonal 
wcaU^  &c. ;  but  the  most  generally  useftil  scale  is  that  wherein  the  objects  are  drawn 
some  aliquot  part  of  their  real  size,  as  a  tenth,  twelfth,  twentieth,  twenty-fourth,  &c. 

Scalene  Trxanolb.  (I^oXupos,  oblique.)     In  geometry,  one  whose  sides  are  all  unequal. 

ScAMiLU  IMPARKS.     A  term  used  by  Vitruvius,  which  has  puzzled  all  the  commentators. 

SU  3 
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It  probably  ugnifies  certain  bloelu  which  serve  to  raise  some  of  the  members  of  a  build- 
ing, which,  from  being  placed  below  the  level,  or  below  the  projection  of  certain  omft- 
mentfl,  might  be  lost  to  the  eye. 

Scam iLLUs.     A  small  plinth  below  the  bases  of  the  Ionic  and  Corinthian  oolwnns. 

ScAMMosii.     See  AacHiTscTs,  list  of,  247. 

ScANDULJB.  (Lat.)  In  early  buildings  of  the  Romans,  shingles  or  flat  pieces  of  wood  used 
for  covering  instead  of  tiles.  According  to  Cornelius  Nepos,  this  was  the  only  covering 
used  in  Rome  till  the  war  with  Pyrrhus  in  the  470th  year  of  the  city. 

Scantling.  (Fr.)  The  dimensions  of  a  piece  of  timber  in  breadth  and  thickness.  It  is 
also  a  term  used  to  denote  a  piece  of  timber,  as  of  quartering  in  a  partition,  when  under 
five  inches  square,  or  the  rafter,  purlin,  or  pole  plate  of  a  root  In  masonry,  scantling 
is  the  length,  breadth,  and  thickness  of  a  stone. 

ScAPB  or  ScAPUS.  (Gr.)  The  shaft  of  a  column ;  also  the  little  hollow,  above  or  below, 
which  connects  the  shaft  with  the  base,  or  with  the  fillet  under  the  astragaL 

ScAPUNo.     A  method  of  tooling  the  &ce  of  a  stone. 

ScAKFiNo.  The  Joining  of  two  pieces  of  timber  by  bolting  or  nailing  tnmsversely  together* 
so  that  the  two  appear  but  one.     See  p.  538. 

SccNB.  (Gr.  Sjciyni.)  Strictly  an  alley  or  rural  portico  for  shade  or  shelter,  wherein,  ac- 
cording to  Cassiodorus,  theatrical  pieces  were  first  represented.  When  first  applied  to  a 
theatre,  it  signified  the  wall  forming  the  back  of  the  stage,  but  afterwards  came  to  mean 
the  whole  stage,  and  is  now  restricted  to  the  representation  of  the  place  in  which  the 
drama  represents  the  action.  According  to  Vitnivius,  the  Greek  scene  was  occupied  in 
the  middle  by  a  great  door,  called  the  royal  door,  because  decorated  as  the  gate  of  a 
palace.  At  the  sides  were  smaller  doors,  called  koipitaiia,  because  representing  the 
entrances  to  habitations  destined  for  strangers,  which  the  Greeks  commonly  placed  on 
the  two  sides  of  their  houses. 

ScKNooaAPBr.  (Gr.)     The  method  of  representing  solids  in  perspective. 

ScBKMS  or  Skbnk  AacH.     One  which  is  a  s^ment  of  a  circle. 

ScHBMB.  (Gr.)  The  representation  of  any  deugn  or  geometrical  figure  by  lines  so  as  to 
make  it  comprehensible. 

ScHOLiiric  In  mathemalics,  a  remark  after  the  demonstration  of  a  proposition,  showing 
how  it  may  be  done  some  other  way,  or  giving  some  advice  or  precaution  to  prevent 
mistakes,  or  adding  some  particular  use  or  application  thereof. 

SciAoaAPHT  or  SciooRAraT.  (Gr.  XKta,  a  shadow,  and  Tpa^m,  I  describe.)  The  doctrine 
of  projecting  shadows  as  they  fall  in  nature.     See  Book  IL  Chap.  IV.  Sect  S. 

ScoPAS.     See  AacHrracrs,  list  oi,  16. 

Scotia.  (Gr.  Siroria,  darkness.)  The  hollow  moulding  in  the  base  of  a  column  between 
the  fillets  of  the  tori.  It  receives  the  name  from  bemg  so  much  in  shadow.  "Hie  scotia 
was,  from  its  resemblance  to  a  pulley,  called  also  rpox<Aov.  It  is  most  fi^uentiy  formed 
by  the  junction  of  circular  areas  of  difierent  radii,  but  it  ought  rather  to  be  profiled  as  a 
portion  of  an  ellipsis. 

ScaxTCH  WoaK.  (It  SgrafiSata.)  A  species  of  fresco  with  a  black  gronnd  on  which  a 
white  plaster  is  laid,  which  being  scratched  off  with  an  iron  bodkin,  the  black  appears 
through  the  holes,  and  serves  for  shadows. 

ScaxKN.  (Lat  Excerno.)  An  instrument  used  in  making  mortar,  consisting  of  three 
wooden  ledges  joined  to  a  rectangular  frame  at  the  bottom,  the  upper  part  of  which 
frame  is  filled  with  wirework  for  sifting  the  sand  or  lime.  This  term  is  used  in  ccde- 
siastioal  architecture  to  denote  a  partition  of  wood,  stone,  or  metal,  usually  so  placed  in 
a  church  as  to  shut  out  an  aisle  from  the  choir,  a  private  chapel  from  a  transept,  the 
nave  from  the  choir,  the  h^h  altar  from  the  east  end  of  the  building,  or  an  altar  tomb 
horn  one  of  the  public  passages  or  large  areas  of  the  church.  In  the  form  and  orna- 
mental detiul  of  screens,  the  ancient  artists  appear  to  have  almost  exhausted  fimcy,  inge- 
nuity, and  taste. 

Screw.  (Dutch,  Scroeve.)  One  of  the  six  mechanical  powers,  chiefly  used  in  presnng  or 
squeezing  bodies  close,  though  sometimes  also  in  raising  weights.  See  Booit  1 1.  Chap.  L 
Sect  8. 

Scribing.  Fitting  the  edge  of  a  board  to  a  surfiioe  not  accurately  plane,  as  the  skirting 
of  a  room  to  a  floor.  In  joinery,  it  is  the  fitting  one  piece  to  snothfir,  so  that  the  fibres 
of  them  may  be  perpendicular  to  each  other,  the  two  edges  being  cut  to  an  angle  to 
join. 

Scroll.     A  convolved  or  spiral  ornament  vsriously  introduced. 

Also  the  volutes  of  the  Ionic  and  Corinthian  capitaL     See /So. 
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'  Scullery.  The  apartment  for  washing  up  the  dishes  and  utensils  wherein  tiie  scullion  works. 

Sculpt vas.  (Lat.  Sculpo,  to  carve.)  The  art  of  imitating  forms  by  chiselling  and  work- 
ing away  solid  substances.  It  is  also  used  to  denote  the  carved  work  itselC  Properly, 
the  word  includes  works  in  clay,  wax,  wood,  metal,  and  stone ;  but  it  is  generally  re- 


GLOSSARY,  ETC.  lOSl 

stricted  to  those  of  the  last  materia],  the  terms  moddUng,  eattingt  and  earvintf  being  applied 
to  the  others. 

Sbalivg.  The  fixing  a  piece  of  wood  or  iron  on  a  wall  with  plaster,  mortar,  cement,  lead, 
or  other  binding,  for  staples,  hinges,  joints,  &c. 

Skasokino  Timbkju     See  p.  491. 

SxcANT.  (Lat)  A  line  that  cuts  another.  In  trigonometry,  the  secant  is  a  line  drawn  to 
the  centre  from  some  point  in  the  tangent,  which  consequently  cuts  the  circle. 

Secos.     See  AoTrnM. 

Section  op  a  Buildiko.  A  geometrical  representation  of  it  as  divided  or  separated  into 
two  parts  by  a  vertical  plane,  to  show  and  explain  the  construction  of  the  interior.  The 
section  not  only  includes  the  parts  that  are  separated,  but  also  the  elevation  of  the  re- 
ceding parts,  and  ought  to  be  so  taken  as  to  show  the  greatest  number  of  parts,  and  those 
of  the  most  difficult  construction.  Of  every  building  at  least  two  sections  should  be 
made  at  right  angles  to  one  another,  and  parallel  to  the  sides.  A  section  of  the  flues 
should  also  be  made,  in  order  to  avoid  placing  timbers  near  them. 

SccnoK  OF  A  SouD.  The  plane  of  separation  dividing  one  part  firom  the  other.  It  is  un- 
derstood to  be  always  a  plane  surfiMse. 

Sbctob.  An  instrument  for  measuring  or  laying  off  angles,  and  dividing  lines  and  circles 
into  equal  parts. 

SxcToa  Of  A  CiacLS.  The  space  comprehended  between  two  radii  and  the  arc  terminated 
by  them. 

Seombmt.  (Lat.)  A  part  cut  off  firom  anything.  The  area  contained  by  the  arc  of  a  circle 
and  a  chord.  In  the  segment  of  a  circle  the  chord  of  the  arc  is  called  the  base  of  the 
s^ment,  and  the  height  of  the  arc  the  height  of  the  s^pnent. 

Segmbut  op  a  Sphere.  A  portion  cut  off  by  a  plane  in  any  part  except  the  centre,  so  that 
the  base  of  such  s^ment  must  be  always  a  circle,  and  its  surface  a  part  of  the  sphere. 

Sell.     See  Cxll  and  Apertuex. 

Skmxcxrclk.     The  half  of  a  circle  contained  by  the  diameter  and  circumference. 

Semicircular  Arches.     Those  whose  arcs  are  semicircular. 

Semmamar.     See  Architbcts,  list  ot,  55. 

Sepulchre.  (Lat.  Sepelire,  to  bury.)  A  grave,  tomb,  or  place  of  interment.  The  eeno' 
taph  was  an  empty  sepulchre  raised  in  honour  of  a  person  who  had  had  no  burial. 

SxRAGUo.  The  palace  of  an  eastern  prince,  but  more  particularly  that  in  which  the  females 
are  lodged. 

SxRUO.     See  Architects,  list  o^  838. 

Serpxntivx.     See  Porphtrt. 

Servandoni.     See  Architects,  list  o^  288. 

Sesspool.     See  Cesspool. 

Sett.  In  piling,  a  pieee  placed  temporarily  on  the  head  of  a  pile  which  cannot  be  reached 
by  the  monkey  or  weight  from  some  intervening  matter. 

Ssniifa.  The  hardening  of  cement.  The  term  is  also  used  in  masonry  for  fixing  stones 
in  walls  or  vaults,  in  which  the  greatest  care  should  be  taken  that  the  stones  rest  firmly 
on  their  beds,  and  that  their  fisces  be  ranged  in  the  proper  sur&ce  of  the  work. 

Skttimo-out  Rod.     One  used  by  joiners  for  setting-out  firames,  as  of  windows,  doors.  See. 

Settlements.     Those  parts  in  which  fiulures  by  sinking  in  a  building  have  occurred. 

Sett-opp.  The  projecting  part  between  the  upper  and  lower  portion  of  a  wall  where  it 
diminishes  in  thickness. 

Severus.     See  Architects,  list  of,  43. 

Sevsrt.  a  compartment  or  division  of  scaffolding.  It  is  also  a  separate  portion  or  divi- 
sion of  a  buildmg  corresponding  with  the  modem  term  compartment,  being  as  it  were 
severed  or  divided. 

Sewer.  A  drain  or  conduit  for  carrying  off  soil  or  water  from  any  place.  See  Book  II. 
Chap.  III.  Sect.  I. 

Sexaobsxmal.  The  division  of  a  line,  first  into  sixty  parts,  then  each  of  these  asain  into 
sixty,  and  so  on,  as  long  as  division  can  be  made.  It  is  principally  used  in  dividing  the 
circumference  of  a  circle. 

Shadows  and  Shadowino.  In  drawing,  the  art  of  correctly  casting  the  shades  of  objects 
and  representing  their  degrees  of  shade.     See  Book  II.  Chap.  IV.  Sect.  3. 

Shaft.  (Sax.  Sceajnc)  The  cylindrical  part,  or  rather  body,  of  a  column,  between  the 
base  and  th  capital.  It  is,  properly,  the  frustum  of  a  conoid,  and  is  also  called  the/us^ 
trunk,  or  body  of  the  column. 

Shaft  of  a  Chimnxt.     See  Chimney. 

Shapt  of  a  Kino  Post.     The  part  between  the  joggles. 

Shake.  A  fissure  or  rent  in  timber  by  its  being  dried  too  suddenly,  or  exposed  to  too 
great  beat.     Any  timber  when  naturally  full  of  slits  or  clefrs  is  said  to  be  ahaky. 

Shanks.  (Sax.)  The  space  between  two  channels  of  the  Doric  triglyph,  sometimes  called 
the  legs  o  the  triglyph.     The  ancients  called  the  sAaiUyemtir. 
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Smkr  Lead.     See  Book  II.  Chap.  III.  Sect  7. 

Shelf.  (Sax.)  A  board  fixed  against  a  wall  by  its  edge,  the  upper  side  being  horisontal, 
for  receiving  whatever  may  be  placed  upon  it.  A  shelf  is  usually  supported  by  bracketiw 
or  by  pieces  at  the  end,  called  gtandardJu 

Sminglbs.  (Germ.  Schindel.)  Small  oaken  boards  used  like  slates  for  covering  a  building, 
from  eight  to  twelve  inches  long,  and  about  four  inches  broad,  thicker  on  one  edge  than 
the  other.     The  process  of  making  a  roof  of  this  Idnd  is  called  "^dttg^in^. 

Shoe.  The  inclined  piece  at  the  bottom  of  a  water  trunk  or  lead  pipe  for  turning  the 
course  of  the  water,  and  discharging  it  from  the  wall  of  a  building. 

Shore  or  Suoar.  ( Sax. )  A  prop  or  oblique  timber  acting  as  a  brace  on  the  side  of  a 
building,  the  upper  end  resting  sfainst  that  part  of  the  wall  upon  which  the  floor  is 
supported,  and  both  ends  received  by  plates  or  beams.  A  dead  sAort  ts  an  upright  piece 
built  up  in  a  wall  that  has  been  cut  or  broken  through  for  the  purpose  of  making  aome 
alterations  in  the  building. 

SiiooTiNo.     Planing  the  e^ge  of  a  board  straight,  and  out  of  winding. 

SuooTUfo  Boards.  Two  boards  joined  together,  with  their  sides  lapped  upon  eadi  oCfacr, 
so  as  to  form  a  rebate  for  making  short  joints. 

Shoulder  op  a  Tenon.  The  plane  transverse  to  the  length  of  a  piece  of  timber  from 
which  the  tenon  projects.  It  should  be  at  right  angles  to  the  length,  though  it  does 
not  always  lie  in  the  plane  as  here  defined,  but  sometimes  in  different  planes. 

Shread  Head     The  same  as  Jerkin  Head,  which  see. 

Sh REDDING  s  or  FoRRiNos.     lu  old  buildings,  short  slight  pieces  of  timber  fixed  as 
below  the  rooC  forming  a  straight  line  with  the  upper  side  of  the  rafters. 

Shrine.  (Sax.  Scpm. )  A  desk  or  cabinet ;  a  case  or  box,  particularly  one  in  which 
things  are  deposited :  hence  applied  to  a  reliquary  and  to  the  tomb  of  a  canonised  per- 
son. The  altar  is  sometimes  called  a  shrine,  and  in  this  case  its  form  and  conditioD,  and 
the  annexation  of  a  statue  to  it,  was  of  importance,  because  such  tombs  had  greater 
privileges  than  plainer  monuments. 

Shrinking.  The  contraction  of  a  piece  of  timber  in  its  breadth  by  seasoning,  hoi 
water,  &c.  It  is  proportional  to  its  breadth,  the  length  not  changing.  Hence  in  u]»> 
seasoned  timber  mitred  together,  such  as  the  architraves  of  doors  and  windows,  tbe 
mitres  are  always  close  on  the  outside  and  open  to  the  door,  forming  a  wedge-like 
hollow  on  each  side  of  the  frame.  It  is  to  avoid  the  effects  of  shrinking  that  narrow 
boards  called  battent  are  used  in  floors. 

Shutx.     See  Architxcts,  list  of,  243. 

Shutters.  The  bosrds  which  shut  up  the  aperture  of  a  window.  See  Boxmoa  of  a 
Window. 

Side  Posts.  Truss  posts  placed  in  pairs,  disposed  at  the  same  distance  from  the  middle  of 
the  truss.  Their  use  is  not  only  to  support  the  principal  rafters,  &c.,  but  to  suspend  tbe 
tie  beam  below.     In  extended  roo&  two  or  three  pair  of  side  posts  are  used. 

Side  Timrers  or  Side  Wavers.  The  same  as  purlins,  the  first  term  being  used  in 
Somersetshire  and  the  last  in  Lincolnshire. 

SixNiTE.     See  SvENrrs. 

SiLU     See  CiLL  and  Aperture. 

SiLOE.     See  ARCHrrxcTs,  list  of,  211. 

Silt.     The  muddy  deposit  of  standing  water. 

8iMA.     See  Cm  A. 

Similar  Figures.  Those  whose  several  angles  are  respectively  equal,  and  the  sides 
about  the  equal  angles  proportional. 

SiMONETTi.     See  AacHrrECTs,  list  of,  296. 

Sine.  A  right  line  drawn  from  one  end  of  an  arch  perpendicular  upon  the  diameter,  or  it 
b  half  the  chord  of  twice  the  arch.  The  sine  of  the  complement  of  an  arch  is  the  sine 
of  what  the  arch  wants  of  ninety  degrees.  The  versed  sine  is  that  part  of  the  diameter 
comprehended  between  the  arc  and  the  sine. 

Single  Frame  and  Nakkd  Floor.     One  with  only  (me  tier  of  joists. 

Single  Hung.  An  arrangement  in  a  pair  of  window  sashes,  in  which  one  only  is 
movable. 

Single  Joists  Floor.     One  without  binding  joists. 

Single  Measure.  A  term  applied  to  a  door  that  is  square  on  both  sides.  Ikmblt  inea> 
sare  is  when  the  door  is  moulded  on  both  sides.  When  doors  are  moulded  on  one  side 
and  are  square  on  the  other,  they  are  accounted  measure  and  half. 

Sissi VERNE.     See  Architects,  list  of,  101. 

Site.  (Lat.  Situs.)     Hie  situation  of  a  building ;  the  plot  of  ground  on  which  it  stands. 

Skew  Back.  In  a  straight  or  curved  arch,  that  part  of  it  which  recedes  on  the  springing 
from  the  vertical  line  of  the  opening. 

Skirting  or  Skirting  Board.  The  narrow  board  placed  round  the  margin  of  a  floor, 
which,  where  there  is  a  dado,  forms  a  plinth  for  its  base ;  otherwise,  it  is  a  plinth  for  the 
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room  itself.  Skirting  is  either  scribed  close  to  the  B6or  or  let  into  it  by  a  gr«Knre ;  in 
the  former  case  a  fillet  is  put  at  the  back  of  the  skirting  to  keep  it  firm. 

Skirts.  Several  superficies  in  a  plane,  which  would  cover  a  body  when  turned  up  or 
down  without  overlapping. 

Skrken.     See  ScavKM. 

Sktught.  a  firame  consisting  of  one  or  more  inclined  planes  of  glass,  placed  in  a  roof  to 
light  passages  or  rooms  below. 

Slab.  An  outside  plank  or  board  sawed  from  the  sides  of  a  timber  tree,  and  frequently 
of  very  unequal  thickness.  The  word  is  also  used  to  express  a  thin  piece  of  marble^ 
consisting  of  right  angles  and  plane  surfiMses.     See  Chimmey. 

Slats.     See  Book  II.  Chap.  II.  Sect.  8. 

Slatkrs*  Work.     See  Book  III.  Chap.  II.  Sect  6. 

SLEsnas.  Horizontal  timbers  dispowd  in  a  building  next  to  the  ffround  transversely 
under  walls,  ground  joists,  or  the  boarding  of  a  floor.  When  used  on  piles  they  are 
laid  upon  them,  and  planked  over  to  support  the  superincumbent  walls.  Under- 
ground  joists  either  lie  upon  the  solid  earth,  or  are  supported  at  various  parts  by  prop 
stones.  When  in  the  former  position,  having  no  rows  of  timber  below,  these  ground 
joists  are  themselves  called  sleepers.  Old  writers  on  practical  architecture  call  those 
rafrers  lying  in  the  valley  of  a  roof,  sleepers ;  but  in  this  sense  the  word  is  now  obsolete. 

Slidxno  Rule.  One  constructed  with  logarithmic  lines,  so  that  by  means  of  another 
scale  sliding  on  it,  various  arithmetical  operations  are  performed  merely  by  inspection. 

Sltt  Deal.     See  BoAao. 

Sluice.  A  stop  against  water  fi»r  the  drainage  or  supply  with  water  of  a  place.  It  is 
•  hung  with  hinges  fitmi  the  top  edge  when  used  merely  as  a  stop  against  the  water  of  a 
river  ;  but  when  made  for  supply  as  well,  it  moves  vertically  in  the  groove  of  its  frame 
by  means  of  a  winch,  and  is  then  called  a  penstock. 

SMrrHsar  and  laoMMOKcxaT.     See  Book  II.  Chap.  III.  Sect.  lOu 

Smoothing  Plane.     See  p.  364. 

Snacket.     a  provincial  term  for  the  hasp  of  a  casement. 

SNirx*s  Bill  Plane.     One  with  a  sharp  arris  for  getting  out  the  quirks  of  mouldings. 

SoANE.     See  AacHiTECTS,  list  ot  316. 

SocKvr  Chiseu    A  strong  tool  used  by  carpenters  for  mortising,  and  worked  with  a  mallet. 

Socle  or  Zoclb.  A  square  member  of  less  height  than  its  horizontal  dimension,  serving 
to  raise  pedestals  or  to  support  vases  or  other  ornaments.  The  socle  is  sometimes  con- 
tinued round  a  building,  and  is  then  called  a  coniinMed  tode.  It  has  neither  base  nor 
cornice. 

SorrrrA,  Sorrrr,  or  Sorrra.  (Ital.)  A  ceiling;  the  lower  surface  of  a  vault  or  arch.  A 
term  denoting  the  under  horizontal  face  of  the  architrave  betweoi  columns ;  the  under 
surface  of  the  corona  of  a  cornice. 

Soils.  A  provincial  term,  chiefly,  however,  used  in  the  north,  signifying  the  principal 
rafters  of  a  roof. 

SoLDEa.     A  metallic  composition  used  in  joining  together  or  §oldering  metals. 

Solid.  (Lat.)  In  geometry,  a  body  which  has  length,  breadth,  and  thickness;  that  is,  it 
is  terminated  or  contained  under  one  or  more  plane  surfaces,  as  a  surface  is  under  one  or 
more  lines.  Regular  solids  are  such  as  are  terminated  by  equal  and  similar  planes,  so 
that  the  apex  of  their  solid  angles  may  be  inscribed  in  a  sphere. 

Solid  Angles.  An  angle  formed  by  three  or  more  angles  in  a  point,  and  whereof  the 
sum  of  all  the  plane  angles  is  less  than  three  hundred  and  sixty  degrees,  otherwise  they 
would  constitute  the  plane  of  a  circle  and  not  of  a  solid. 

Solid  Shoot.     See  Watee  Shoot. 

SoLivB.  llie  French  term  for  a  joist,  rafter,  or  piece  of  wood,  either  slit  or  sawed,  with 
which  builders  lay  their  ceilings.     The  term  is  rarely  used  in  the  English  language. 

Sommeeing.     See  Summering. 

SoRTANT  Angle.     The  same  as  Salient  Angle,  which  see. 

SosTRATUS.     See  Aechitxcts,  list  of,  25. 

Soufflot.     See  Aechitects,  list  of,  299. 

Sound-boaed.  The  same  as  a  canopy  or  type  over  a  pulpit,  to  reverberate  the  voice  of  the 
speaker. 

SouND-BOARDiNG.  lu  floors,  consists  of  shoTt  boards  placed  transversely  between  the  joists, 
and  supported  by  fillets  fixed  to  the  sides  of  the  latter  for  holding  pugging,  which  is  any 
substance  that  will  prevent  the  transmission  of  sound  from  one  story  to  another.  The 
narrower  the  sound-boards  the  better.  The  fillets  on  which  they  rest  may  be  about 
three-quarters  of  an  inch  thick  and  about  an  inch  wide,  nailed  to  the  joists  at  intervals 
of  a  foot     See  Boarding  for  Pugging. 

Souse  (Fr.)  or  Source.     A  support  or  under-prop. 

Stan.  An  imaginary  line  across  the  opening  of  an  arch  or  roof,  by  which  its  extent  is 
estimated. 
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Span  Roop.  One  oonaladng  of  two  inclined  ridei,  in  oontradirtinction  to  tktd  or  kamic 
roofing.  It  may  be  with  simple  rafters,  with  or  without  a  collar  beam,  or  when  of  In* 
creased  span  it  may  be  trussed»  the  term  only  applying  to  the  external  part, 

Spamdrbu  The  irr^pular  triangular  space  between  the  outer  curre  or  extrados  of  an  ardi, 
a  horisontal  line  from  its  apex,  and  a  perpendicular  line  firom  its  springing. 

Spandesl  BaACxnniro.  A  cradling  of  brackets  fixed  between  one  or  more  cnrres,  emdtt 
in  a  vertical  plane,  and  in  the  circumference  of  a  circle  whose  plane  is  horiaontaL 

Spavisr  AacHrrKCTORX.     See  Book  I.  Chap.  II.  Sect.  19. 

SpAa-PiBCB.     A  name  given  in  some  places  to  the  collar  beam  of  a  roo£ 

SrAlM.     The  common  rafters  of  a  roof  Ibr  the  support  of  the  tiling  or  slating. 

SrsciriCATiON.  A  description  at  length  of  the  materials  and  workmanship  to  be  used  mod 
employed  in  the  erection  of  any  building.     See  Book  II.  Chap.  III.  Sect.  IS. 

BpKciric  GaATiTT.  A  gravity  or  weight  of  every  soUd  or  fluid  compared  with  the  weight  of  the 
same  magnitude  of  rain  water,  which  is  chosen  as  the  standard  of  comparison,  on  aoeount 
of  its  bemg  subject  to  less  variation  in  different  circumstances  <^  time^  place,  &c^  than 
any  other  solid  or  fluid.  By  a  fortunate  coincidence,  at  least  to  the  Eniplish  philoaopber, 
it  happens  that  a  cubic  foot  of  rain  water  weighs  1000  ounces  avoirdupois ;  consequently, 
assuming  this  as  the  specific  gravity  of  rain  water,  and  comparing  all  other  bodies  widi 
this,  the  same  numbers  that  express  the  specific  gravity  of  bodies  will  at  the  same  time 
express  the  weight  of  a  cubic  foot  of  each  in  avoirdupois  ounces,  which  affords  great 
focility  to  numerical  computations.  Hence  are  readily  deduced  the  following  laws 
of  the  specific  gravity  of  bodies :  — 

1.  In  bodies  of  equal  magnitudes  the  specific  gravities  are  directiy  as  the  woghts  or 
as  their  densities.  8.  In  bodies  of  the  same  specific  gravities  the  weights  will  be  as  tiie 
magnitudes.  S.  In  bodies  of  equal  weights  the  specific  gravities  are  inversely  as  the 
magnitudes.  4.  The  weights  of  different  bodies  are  to  each  other  in  the  compound 
ratio  of  their  magnitudes  and  specific  gravities. 

Tlius  it  is  obvious,  that  if  of  the  magnitude,  weight,  and  specific  gravity  of  a  body  any 
two  be  given,  the  third  may  be  found ;  and  we  may  thus  arrive  at  the  maguitude  of 
bodies  which  are  too  irregular  to  admit  of  the  common  rules  of  mensuration ;  or,  by 
knowing  the  specific  gravity  and  magnitude,  we  may  find  the  weight  of  bodies  whi^  are 
too  ponderous  to  be  submitted  to  the  action  of  the  balance  or  steel  yard ;  or,  lastly,  the 
magnitude  and  weight  being  given,  we  may  ascertain  th<nr  specific  gravities. 

Tablx  op  Spxcipic  Gravitixs 
(Extracted  from  Davies,  Lavoisier,  Young,  and  other  authentic  sources). 

Kole.  ^  Water  «t  60^  U  SMomed  1000  ipedflc  graHtj. 


Mineral  Productions, 


Flatina,  purified 

,  hammered 

Pure  gold,  cast 

,  hammtftred  - 
Mercury 
Lead,  cast 
Silver,  pure,  cast 

f  hammered 

Bismuth,  cast 
Copper,  cast    - 

,  wire,  - 

Brass,  cast 

,  wire 

Cobalt,  cast     - 
Nickel,  cast     - 
Iron,  cast 
,  bar 
Steel,  hard,  not  screwed 

,  soft,  not  screwed 

I^ioadstone 
Tin,  cast 
Zinc,  cast 
Antimony,  cast 
Tungstein 
Arsenic,  cast   - 
Molybdena 
Spar,  ponderous 
Ruby,  oriental 


19500 

Garnet,  Bohemian 

. 

4188 

S03S6 

Sapphire  of  Pay 

• 

4076 

19258 

Topax,  oriental 

. 

4010 

19361 

Beryl,  or  oriental  aquamarine 

3548 

13568 

Diamond,  rose-coloured 

• 

S5S1 

11358 

,  white 

m 

3581 

10474 

. 

3501 

10510 

Glass,  flint      - 

. 

3SS9 

9882 

,  white     - 

. 

8892 

8788 

kbottie     -       •     - 

. 

8733 

8878 

,  green     - 

- 

8648 

8395 

Fluor 

- 

3191 

8544 

Serpentine,  green 

. 

3988 

7812 

Mica,  black    - 

- 

8900 

7807 

Basalt,  from  the  Giant*8  Causeway 

2864 

7807 

Marble,  white  Parian 

- 

8837 

7788 

Marble,  green 

. 

8741 

7816 

,  red    - 

• 

8725 

7833 
4800 

8716 
8775 

Emerald,  Peruvian      - 

„ 

7891 

Porphyry,  red 

. 

8765 

7190 

Jaspar 

- 

2764 

6708 

Alabaster,  white 

- 

2730 

6066 

Calcareous  spar,  rhombic 

• 

2715 

5763 

. 

2714 

4738 

Slate  . 

. 

2671 

4430 

Pitch  stone     - 

- 

86G9 

4883 

Onyx,  pebble  - 

- 

2664 

GLOSSARY,  ETC 


I0S5 


Chalcedoiiy,  transparent 

- 

2664 

- 

2348 

Granite,  Egyptian,  red 

- 

2654 

Selenite 

• 

2822 

Rock  chrystal,  pure 

- 

- 

2653 

Grindstone 

- 

Si  42 

Amorphous  quarts 

- 

- 

2647 

Salt    - 

- 

2130 

Agate,  onyx    - 

- 

- 

2687 

Sulphur,  native 

- 

2033 

Cornelian 

- 

. 

2613 

Nitre- 

- 

2000 

Sardonyx 

- 

- 

2602 

Brick  - 

- 

- 

2000 

Purbeck  stone 

- 

- 

2601 

Plumbago 

m 

- 

1860 

Flint,  white     - 

- 

- 

2594 

Alum 

- 

- 

1720 

,  blackish 

- 

- 

2581 

Asphaltum 

- 

- 

1400 

Agate,  oriental 

. 

- 

2590 

Coal,  Scotch    - 

- 

* 

1300 

Portland  stone 

. 

. 

2570 

»  Newcastle 

- 

- 

1270 

Mill  stone 

• 

- 

2483 

»  Stafibrdahire 

- 

- 

1240 

Paving  stone  - 

. 

- 

2415 

Jet     - 

- 

- 

1238 

Touchstone     • 

■ 

- 

2415 

lee,  probably  - 

- 

- 

930 

Porcelain,  Chinese 

- 

- 

2384 

Pumice-stone  - 

- 

- 

914 

lAqiuds. 

Sulphuric  acid 

• 

. 

1840 

Sea  Water      - 

■• 

. 

1026 

: — ,  Ph.,  London 

_ 

1850 

Muriatic  acid  - 

. 

. 

1194 

Nitrous  acid,  Ph.,  London 

. 

1550 

Water  of  the  Seine^  filtered 

. 

1001 

Nitric  acid 

- 

- 

1217 

Naphtha 

- 

- 

708 

Vegetable  Produdhns. 

Sugar,  white  - 

• 

. 

1606 

Vinegar,  distilled 

. 

m 

1009 

Gum  Arabic  - 

. 

^ 

1452 

Water  at  60^'  - 

. 

m 

1000 

Pitch - 

. 

m 

1150 

Bordeaux  wine 

. 

• 

994 

Malmsey,  Madeira 

- 

- 

10.38 

Turpentine,  liquid 

m 

- 

991 

Cider 

1018 
Animal  St 

Linseed  oil     - 
ibetanees. 

940 

Pearl- 

. 

. 

2750 

Milk,  cow's     - 

m 

. 

1032 

Coral- 

. 

- 

2680 

Wax,  white     - 

. 

• 

968 

Sheep's  bones,  recent 

. 

- 

2222 

,  yellow   - 

• 

- 

965 

Oyster  shell    - 

- 

- 

2092 

Spermaceti 

- 

- 

943 

Ivory 

- 

- 

1917 

Butter 

- 

- 

942 

Stag's  horn      - 

- 

- 

1875 

Tallow 

— 

. 

942 

Ox's  horn 

■• 

1840 
Woot 

Lamp  oil 
2t. 

923 

Pomegranate  tree 

. 

. 

1354 

Maple 

. 

• 

755 

Lignum  Vitse 

- 

m 

1333 

Cherry  tree     - 

. 

. 

715 

Box,  Dutch     - 

- 

- 

1328 

Quince  tree    - 

. 

. 

705 

Ebony 

«• 

- 

1177 

Orange  tree    - 

m 

_ 

705 

Heart  of  oak,  60  years  ftUed 

- 

1170 

Walnut 

m 

. 

671 

Oak,  English,  just  felled 

m 

1113 

Pitch  pine 

- 

. 

660 

,  seasoned 

- 

743 

Red  pine 

m 

. 

657 

,  usually 

stated  at 

925 

Yellow  pine    - 

• 

m 

529 

Bog  oak  of  Ireland 

. 

. 

1046 

White  pine     - 

m 

m 

420 

Teak  of  the  East  Indies 

. 

745  to  657 

Fir  of  New  England 

. 

_ 

553 

Mahogany 

. 

1063  to  6S7 

—  of  Riga      - 

- 

■• 

753 

Pear  tree,  trunk 

- 

- 

646 

—  of  Mar  Forest,  Scotland 

- 

696 

Medlar  tree    - 

* 

- 

944 

Cypress 

- 

- 

644 

Olive  wood     - 

- 

. 

927 

Lime  tree 

_ 

_ 

604 

Logwood 

- 

• 

931 

Filbert  wood  - 

•• 

. 

600 

Beach 

. 

. 

852 

Willow 

. 

. 

585 

Ash    - 

m 

. 

845  to  600 

Cedar 

• 

w 

560 

Yew,  Spanish  - 

• 

- 

807 

Juniper 

. 

. 

556 

,  Dutch  - 

- 

m 

788 

PopUr,  white  Spanish 

- 

529 

Aider 

» 

m 

800 

,  conmion 

. 

m 

383 

Elm   - 

. 

m 

800  to  600 

Sassafras  wood 

m 

• 

482 

Apple  tree 

. 

. 

793 

Larch  of  Scotland 

. 

. 

530 

Plum  tree 

- 

- 

755 

Cork  - 

. 

. 

240 
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Sricirs.  (Lat)  In  aneient  architecture,  the  canal  into  which  the  water  flowed  in  aqueduets 
rained  aboTe  the  surfiu:e  of  the  ground*  and  constructed  of  hewn  stones  or  bricks.  It 
was  covered  with  a  vault  to  preserve  the  water  from  the  sun,  and  from  being  mixed  with 
rain  water.  The  specus  was  sometimes  covered  with  flat  stcmes,  laid  horisontally,  as  in 
the  Aqua  Martia,  part  of  the  Aqua  Claudia,  and  the  aqueduct  of  Segovia.  Sometimes 
the  same  arcade  carried  several  of  these  canals  <Hie  above  the  other. 

SpHiBRisTxaiuic.  A  building  for  the  exercise  of  the  ball ;  a  tennis  court.  The  ancients 
generally  placed  sphaeristeria  among  the  apartments  of  their  baths  and  gymnasia.  Tbey 
were  also  placed  in  Urge  villas,  as  in  those  of  Pliny  the  younger. 

Sphskk.  (Gr.  S^oipo.)  A  solid,  whose  surface  is  at  every  point  equally  distant  fitmi  a 
certain  point  within  the  solid,  which  point  is  called  the  centre  of  the  ijpAere.  Every 
sphere  is  equal  to  two-thirds  of  its  circumscribing  cylinder,  that  is,  it  is  equal  to  a 
cylinder  whose  ends  are  circles,  equal  to  a  great  circle  of  the  ^here,  and  whose  height  is 
equal  to  the  diameter  of  the  same. 

SraxaicAL  BaACKXTiMo.  lliat  so  formed  that  the  surfiwe  of  the  plastering  which  it  is  to 
receive  forms  a  spherical  sur&ce. 

Sphxroid.     See  Conoid. 

Sphsroidal  BaACKSTiMQ.     That  formed  to  receive  the  plastering  of  a  spheroid. 

Spina.     See  Circus. 

Spikthaxus.     See  Architicts,  list  of,  9* 

Spirau  a  curve  which  makes  one  or  more  revolutions  round  a  fixed  point,  and  does  not 
return  to  itselC 

Spirk.  (Gr.  Svoifwc,  a  twisting.)  In  aneient  architecture,  the  base  of  a  column,  and  some- 
times the  astragal  or  torus ;  but  among  the  modems  it  designates  a  steeple  diminishing 
as  it  ascends,  either  pyramidally  or  conically. 

Splatxd.  a  term  applied  to  whatever  has  one  side  making  an  oblique  angle  with  the 
other :  thus,  the  heading  joists  of  a  boarded  floor  are  fi^uently  splayed  in  their  thick- 
ness ;  as  are  also  the  jambs  or  sides  of  a  window.  In  the  latter  case,  the  practice  is  for 
the  better  lighting  of  a  room.  The  word  Jhnng  is  sometimes  applied  to  an  aperture,  in 
the  same  sense  as  tpidjftd. 

Spring  Bxvkl  of  a  Raiu  Hie  angle  made  by  the  top  of  the  plank,  with  a  vertical  plane 
touching  the  ends  of  the  railpiece,  which  terminates  the  concave  side. 

Springkd.  In  boarding  a  roof,  the  setting  the  boards  t<^pether  with  bevel  joints,  for  the 
purpose  of  keeping  out  the  rain. 

SpaiNGKR.  The  impost  or  place  where  the  vertical  support  to  an  arch  terminates,  and  the 
curve  of  the  arch  begins ;  the  term  is  sometimes  used  for  the  rifr  of  a  groined  rooC 

Spxingino  Couxsk.  The  horizontal  course  of  stones,  from  which  an  arch  qprings  or  rises; 
or  that  row  of  stones  upon  which  the  first  arch  stones  are  laid. 

Squark.  (Lat.  Quadra.)  A  figure  (^  four  equal  sides,  and  as  many  equal  angles ;  also, 
an  area  of  such  form  surrounded  by  houses,  and  ornamented  in  the  centre  with  a  lawn, 
shrubs,  trees,  &c.  In  joinery,  a  work  is  said  to  be  $quare  framedf  or  framed  aquaref  when 
the  firaming  has  all  the  angles  of  its  styles,  rails,  and  mountings  square  without  being 
moulded.  The  word  is  also  applied  to  an  instrument  for  setting  out  angles  square.  See 
Carpzntkr's  Squarx. 

Squarz  Shoot.     A  wooden  trough  for  discharging  water  from  a  building. 

Squakx  Staff.  A  piece  of  wood  placed  at  the  external  angle  of  a  projection  in  a  room  to 
secure  the  angle,  which  if  of  plaster  would  be  liable  to  be  broken,  ami  at  the  same  time 
to  allow  a  good  finish  for  the  papering. 

Squaring  a  Handxail.  The  method  of  cutting  a  plank  to  the  form  of  a  raZI  for  a  stair- 
case, so  that  all  the  vertical  sections  may  be  right  angles. 

Squaring  a  Pixcx  op  Stuff.  The  actof  trying  it  by  the  square,  to  make  the  angles  right  angles. 

Starlk.  (Lat.)     A  building  for  the  accommodation  of  horses. 

Stack  of  Chimnxts.     See  Chimnxt. 

Stadium.  (Gr.)  In  ancient  architecture,  an  open  space  wherein  the  athleti  or  wrestlers 
exercised  running,  and  in  which  they  contested  the  prises.  It  signifies  also  the  place 
itself  where  the  public  games  were  celebrated,  <rften  formed  a  part  of  the  gymnaaa.  The 
word  also  denotes  a  measure  of  length  among  the  Grecians,  of  1 25  paces. 

Staff-bkad.     See  Anglk-bkad. 

Stagx.  a  floor  or  story.  In  a  theatre,  the  floor  on  which  the  performers  act.  Tbe  stage 
of  a  buttress  is,  in  ecclesiastical  architecture,  the  part  between  one  splayed  projection  and 
the  next 

Stair.  (Sax.  Scsesep,  to  step.)  A  stone,  or  piece  of  other  material,  by  which  a  person  raises 
himself  one  step.  A  series  of  steps  or  stairs  for  ascending  from  the  lower  to  the  upper 
part  of  a  building,  when  enclosed  by  a  wall,  is  called  a  staircase. 

Staircasx.  That  part  or  subdivision  in  a  building  containing  the  stairs,  which  enable 
persons  to  ascend  or  descend  from  one  floor  to  another.  See  Book  III.  Chap.  I. 
Sect.  23.  for  its  construction. 
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Stalk.  (Sax.)  An  ornament  in  the  Corinthian  capital,  which  is  aometimes  fluted,  and  re- 
sembles the  stalk  of  a  plant ;  from  it  spring  the  volutes  and  helices. 

Stall.  (Sax.)  A  place  or  diviaon  in  a  stable  wherein  one  horse  is  placed  for  feeding  and 
sleeping.  According  to  their  number  in  a  stable  it  is  called  a  one-stall,  two-stall,  &c.  sta- 
ble. This  word  is  also  used  to  denote  an  elevated  seat  in  tiie  choir  or  chancel  of  a 
church  appropriated  to  an  ecclesiastic,  such  as  the  prebendal  stall  of  a  cathedral. 

Stakchiok.  (Pr.  Estan^on.)  A  prop  or  support.  The  upright  muUions  or  bars  of  a 
window  or  open  screen.     Also  a  Puvchion,  which  see. 

Stamdaeos.  The  upright  pieces  in  a  plate  rack,  or  above  a  dresser,  to  support  the  shelves 
thereover. 

When  the  edges  of  standards  are  cut  into  mouldings  across  the  fibres  of  the  wood  they 
are  called  cut  standards. 

Staple.  A  small  piece  of  iron  pointed  at  each  end,  and  bent  round,  so  that  the  two  ends 
may  be  parallel  to  each  other,  and  of  equal  lengths,  to  be  driven  into  wood  or  into  a  wall, 
thus  forming  a  loop  for  &stening  a  hasp  or  bolt. 

Staelikos  or  Stkelings,  sometimes  called  Stilts.  An  assemblage  €/£  piles  driven  round 
the  pieis  of  a  bridge  to  give  it  support. 

Statics.     See  Mechanics. 

Statitaet  Maeblb.     See  Book  II.  Chap.  II.  Sect.  S. 

Staves.  Small  upright  cylinders,  sometimes  called  rounds,  for  forming  a  rack  to  contain 
the  hay  in  stables  for  the  supply  of  it  to  the  horses. 

Stat.  A  piece  performing  the  office  of  a  brace,  to  prevent  the  swerving  of  the  piece  to 
which  it  b  applied.     The  term  is  general,  and  applies  to  all  materials. 

SrKEL.  (Sax.  Seal.)  Iron  united  with  carbon,  which  is  accomplished  in  two  ways,  by  fu' 
sion  and  by  cementation  ;  the  former  is  used  to  convert  iron  into  steel  immediately  from 
the  ore,  or  from  crude  or  cast-iron ;  the  last-named  process  is  effected  by  exposing  iron, 
covered  with  charcoal,  to  a  strong  continued  heat.  The  process  for  converting  iron  into 
steel  was  known  to  the  ancients. 

Stxxnimo.  The  brickwork  laid  dry  used  for  forming  the  cylindrical  shaft  of  a  well  or 
cesspool,  whose  office  is  to  prevent  the  irruption  of  the  surrounding  soil. 

Steeple.  (Sax.  Scepel.)  A  lofty  erection  attached  to  a-church,  chiefly  intended  to  contain 
its  bells.  The  word  is  a  general  term,  and  applies  to  every  appendage  of  this  nature, 
whether  tower  or  spire,  or  a  combination  of  the  two. 

Steps.     The  same  as  Staie,  which  see. 

SrxasoBATA.     See  Pedestal. 

SrEKEooEAPHic  pEOJECTioN.  That  projectiou  of  the  sphere  wherein  the  eye  is  supposed 
to  be  placed  on  the  surfiice. 

STEEEOGaAPBT.  (Gr.  Srcpcov,  solid,  and  TfM^,  I  describe.)  That  branch  of  solid  geometry 
which  demonstrates  the  properties  and  shows  the  construction  of  all  regularly  defined 
solids  ;  it  explains  the  methods  for  constructing  the  surfiuses  on  planes,  so  as  to  form  the 
entire  body  itself,  or  to  cover  its  surface ;  or,  when  the  solid  is  bounded  by  plane  sur- 
fi^es,  the  inclination  of  the  planes. 

Steeeotoiit.  The  science  of  cutting  solids  to  suit  certain  conditions  required  for  their 
forms. 

Stile.  (Sax.)  The  vertical  part  of  a  piece  of  framing  into  which,  in  joinery,  the  ends  of 
the  rails  are  fixed  by  mortises  and  tenons ;  the  tenon  has  the  name,  where,  in  other  ma- 
terial than  wood,  any  imitation  of  framing  appears. 

Stilts.     See  Staelinos. 

Stoa.  (Gr.)  In  Grecian  areliiteeture,  a  term  corresponding  with  the  Latin  portieus,  and 
the  Italian  portico. 

Stock.  The  part  of  a  tool  for  boring  wood  with  a  crank  whose  end  rests  against  the  breast 
of  the  workman,  while  with  one  hand  he  holds  the  boring  end  steady,  and  with  the  other 
turns  the  crank ;  the  steel  borers  are  called  bits,  and  the  whole  instrument  is  called  a 
stock  and  bU, 

Stoke.  (Sax.)  A  natural  indurated  substance  found  beneath  and  on  the  surfiw^  of  the 
earth  in  almost  every  part  of  the  world,  and  which  for  its  strength  and  durability  has 
been  universally  employed  for  building  purposes.     See  Book  IL  Chap.  II.  Sect.  1. 

Stoothiwos.     a  provincial  term  which  signifies  the  battening  of  walls. 

Stop-cock.     A  cock  used  in  plumbery  to  turn  off*  the  supply  to  a  reservoir. 

Stoet.  (Lat.  or  Sax.  Stoji.)  One  of- the  vertical  divisions  of  a  building;  a  series  of  apart- 
ments on  the  same  level. 

Stoet  Posts.  Upright  timbers  disposed  in  the  story  of  a  building  for  supporting  the 
superincumbent  part  of  the  exterior  wall  through  the  medium  of  a  beam  over  them ;  they 
are  chiefly  used  in  sheds  and  workshops,  and  should  have  ather  a  solid  wall  below  or 
stand  upon  a  strong  wooden  sill  upon  inverted  arches,  or  upon  large  stones,  with  their 
ends  let  into  sockets. 

Stoet  Rod.     One  used  in  setting  up  a  staircase,  equal  in  length  to  the  height  of  the  story; 
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tnd  divided  into  im  many  parts  as  there  are  intended  to  be  steps  in  the  staircase,  so  that 

they  may  be  measured  and  distributed  with  aoeuracy. 
Steaioht  Joint  Flook.     See  FuMa. 
SraAiN.  (Sax.  Scpeos.)      The  force  exerted  on  any  material  tending  to  disarrange  or 

destroy  the  cohesion  of  its  component  parts. 
Steainino  PiBCK  or  SrauTTixo  Piacx.     A  beam  pUced  between  two  opposite  beams  to 

prevent  their  nearer  approach,  as  rafters,  braces,  struts,  &c.     If  auch  a  piece  serres  also 

the  office  of  a  sill,  it  is  called  a  itraiining  aUL 
Strap.  (Dutch,  Stroppe.)    An  iron  plate  ibr  the  connection  of  two  or  more  timbers^  wbere- 

into  it  is  screwed  by  bolts. 
SraxvoTH  or  I^ATsaiALs.     See  Book  II.  Chap.  I.  Sect  11. 
Sterchsd  out.     a  term  ^iplied  to  a  surfkoe  that  will  just  cover  a  body  so  eilfwM  that 

all  its  parts  are  in  a  plane,  or  may  be  made  to  coineida  with  m.  plana. 
Stebtchbe.     a  brick  or  stone  laid  with  its  longer  fiuw  in  the  suHkce  of  the  wall. 
Stastchiko  Couasx.     In  walling,  a  cowse  of  stones  or  bricks  laid  with  their  longer 

dimensions  in  a  horiaontal  line  parallel  to  the  fine  of  the  wall ;  it  is  exactly  the  contrary 

of  a  kmdiitg  countf  in  which  the  breadths  of  the  stones  or  bricks  are  laid  in  a  strai^t 

line  parallel  to  the  hee  of  the  wall. 
StmiM,  (Lat.)     The  lists  or  fillets  between  the  flutes  of  columns. 
S^aiATBn.     Champered  or  channeled. 
SraioBS.     The  channels  of  a  fluted  column. 
feaiKiiro.     A  term  used  to  denote  the  draught  of  lines  on  the  surfi^e  of  a  body  ;  the  t^m 

is  also  used  to  denote  the  drawing  of  lines  on  the  face  of  a  piece  of  stuff  for  mortises,  and 

cutting  the  shoulders  of  tenons.     Another  application  of  the  word  occurs  in  the  practice 

of  joinery,  to  denote  the  act  of  running  a  moulding  with  a  plane.    The  ainAutp  9fa  omfrv 

is  the  removal  of  the  timber  framing  upon  whieh  an  arch  is  built,  after  its  completion. 
Strxko  or  SraiMo  Pxaca.     That  part  of  a  flight  of  stairs  which  forms  its  celling  or  sofite^ 
String  Board.     In  wooden  stairs,  the  board  next  the  welUhole  which  reooves  the  aids  of 

the  steps ;  its  fiice  follows  the  direction  of  the  weU-hole,  whatever  the  form :  when  curved, 

it  is  freauently  formed  in  thicknesses  glued  together,  though  sometimes  it  is  got  out  of 

the  solid,  like  a  hand-rail. 
Steix.  (Lat.)    A  channel  in  a  fluted  column. 
Steuck.     a  term  used  to  denote  the  removal  of  any  temporary  support  in  a  building 

during  its  execution. 
Strut.     See  Beacs. 
Steutting  Bbak  or  Strut  Bsam.      A  term  used  by  old  writers  in  carpentry,  for  what 

is  now  called  a  ttraining  or  eoOar  beam. 
STEurriHG  PiscB.     The  same  as  Steainxmo  PtBCX,  which  see ;   and  also  Beidgiiigs  ana 

Kxrs. 
Stucco.   (  Fr.  Stuc. )   A  term  indefinitely  implied  to  calcareous  cements  of  various  descrip- 
tions. 
Stuos.    (Sax.)     The  quarters  or  posts  in  partitions.     The  term  is  used  chiefly  in  the 

provinces. 
Stupp.    (Dutch. )     A  general  term  for  the  wood  used  by  joiners. 
Sttlobata.     See  Psdxstal. 

Sdboivisiom  and  Apaetmbhts  or  a  Building.     See  Book  III.  Chap.  II.  Sect. 5. 
SuBNOEMAU  The  distance  between  the  foot  of  the  ordinate  and  a  perpendicular  to  the  curve 

(or  its  tangent)  upon  the  axis. 
SuB-puNTH.      A  second  and  lower  plinth  placed  under  the  principal  one  in  colunms  and 

pedestals. 
SuB-PEiNciPALs.     The  same  as  auxiliary  rafters  or  principal  bracea. 
SuDATio.   (Lat)     See  Concaxbrata  SuDATia 
SuGOBE.    See  Architxcts,  list  o^  96. 
SuMUBR.     Tlie  lintel  of  a  door,  window,  &c.     A  beam  tenoned  into  a  girder  to  support 

the  ends  of  joints  on  both  sides  of  it     It  is  firequently  used  as  a  synonyme  for  a  gnder. 

Also  a  large  stone  laid  over  columns  and  pilasters  in  the  commencement  of  a  cross 

vault     It  IB,  moreover,  used  in  the  same  sense  as  Brbssuhxbe,  whidi  see. 
SuMMBE  Tebb.     See  Doexamt  Tebb. 
Summbrino.     See  Beds  or  a  Stonb. 
Sunk  Shblvks.     Such  as  are  formed  with  a  groove  in  them  to  prevent  the  plates,  dishes, 

or  other  materials  sliding  off  their  upper  suHace. 
SuPBESTEueruEB.   (Lat)     The  work  built  on  the  foundation  of  a  building.     The  upper 

part 
SuppoET.     See  Points  op  Suppoet. 
SuRBASB.     The  series  of  mouldings  immediately  above  the  base  of  a  room. 

SWALLOW-^TAILBD.       See  DOVB-TAILBD. 

Swedish  Txxbbb.     See  p.  485. 
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STCAMoax.  The  ueer  paeudo^piaiaitus,  a  tree,  whose  wood  is  ikiuch  used  by  turners.  See 
p.  486. 

Stemitz.     a  stone  which  consists  of  fddspar  and  hornblende,  of  various  colours,  as  red- 

.  dish,  dull  green,  &&,  as  the  feldspar  or  hornblende  may  predominate.  It  obtained  the 
name  from  its  abundance  of  syene,  and  according  to  Pliny  was  at  first  named  pyropaeUoa, 
It  is,  in  fiu;t,  a  species  of  granite,  and  was  the  material  used  for  Pompey*s  Pillar. 

SnuccvET.  (Gr.  5Evf,  with,  and  M«rfN»,  I  measure.)  A  system  of  proportion  in  a  build- 
ing, from  which  results  from  one  part  the  measurement  of  all  the  rest  It  also  eonveys 
the  meaning  of  uniformity  as  regards  the  answering  of  one  part  to  another. 

SrsTTLx.   (Gr.)     See  Couimnadx. 

T. 

Tabkev.     a  proyincial  term  for  a  cellar. 

Tabeemacls.   (Lat.)     In  Catholic  churches  the  name  given  to  a  small  representation  of 

an  edifice  placed  on  the  altar  for  containing  consecrated  vessels,  &c. 
Table.     In  perspective,  the  same  as  the  plane  of  the  picture,  being  the  paper  or  canvas  on 

which  a  perspective  drawing  is  made,  and  usually  perpendicular  to  the  horison.     In  the 

theory  of  perspective,  it  is  supposed  to  be  transparent  for  amplifying  the  theory. 
Table  or  Tablet.   (Lat.  Tabula.)  A  flat  surface  generally  charged  with  some  ornamental 

figure.     The  outline  is  generally  rectangular,  and  when  raised  from  the  naked  of  the 

wall,  is  called  a  profeeiing  or  raited  table.     When  not  perpendicular  to  the  horizon,  it  is 

called  a  raking  table.     When  the  surface  is  rough,  frosted,  or  vermiculated,  from  being 

broken  with  the  hammer,  it  is  called  a  ruttieated  table. 
Table,  Coebbl.     See  Coebbl  Tablk. 
Table  of  Glass.     In  glass  works  and  among  glaziers,  a  circular  plate  of  glass,  being  its 

original  form  before  it  is  cut  or  divided  into  squares.     Twenty-four  tables  make  a  ccue. 
Table,  Watee.    An  inclined  plane  where  a  widl  sets  off  to  a  smaller  projection,  for  the 

purpose  of  throwing  off  the  water,  principally  used  in  buttresses  and  other  parts  of 

Gothic  edifices. 
Tablet.     The  same  as  Table. 
Tabuno.     a  term  used  by  the  Scotch  builders  to  denote  the  coping  of  the  walls  of  very 

common  houses. 
Tablikum.    (Lat)     In  Roman  architecture,  an  apartment  situated  in  the  narrow  part  of 

the  atrium,  as  is  supi^osed,  fronting  the  entrance.     Its  exact  position  is  not  now  known, 

and  indeed  the  situation  of  it  may,  under  circumstances,  have  varied,  its  true  place 

therefore  must  be  a  matter  of  doubt 
Tabulatum.    (Lat)    A  term  used  by  the  Romans  not  only  in  respeet  to  the  floors,  wains- 

oottings,  ceilings,  &c.,  which  were  constructed  of  wood,  but  also  to  balconies  and  other 

projecting  parts,  which  latter  Vitruvius  calls  prq^cHonee, 
Tacks.     Small  nidls  used  for  various  purposes,  but  principally  for  stretching  cloth  upon  a 

board. 
TAENIA.    (Gr.)     The  fillet  which  separates  the  Doric  frieze  ttora  the  architrave. 
Tail.  (Verb.)    A  term  denoting  the  hold  of  any  bearing  piece  on  that  which  supports  it,  as 

where  the  end  of  a  timber  lies  or  taiU  upon  the  wall.     The  expression  is  similar  to  what 

in  joinery  is  called  homeingy  with  this  difference,  that  housing  expresses  the  complete  sur- 
rounding of  the  cavity  of  the  piece  which  b  let  in. 
Tail  Bats.     See  Case  Bats. 
Tail  Teimmee.     One  next  the  wall,  into  which  the  ends  of  joints  are  fiutened,  in  order  to 

avoid  flues. 
Tailing.     The  part  of  a  projecting  stone  or  brick  inserted  in  a  wall. 
Tailloie.    (Fr.)     The  name  which  the  French  give  to  the  ahacue. 
Talon.    (Fr.)     The  name  given  by  the  French  to  the  ogee. 
Tamboue.    (Fr.  a  drum.)     A  term  denoting  the  naked  ground  on  which  the  leaves  of  the 

Corinthian  and  Composite  capitals  are  placed.     It  signifies  also  the  wall  of  a  circular 

temple  surrounded  with  columns,  and  further  the  circular  vertical  part  below  a  cupola 

as  well  as  above  it 
Tangent.    (Lat  Tango.)   A  line  drawn  perpendicular  to  the  extremity  of  the  diameter  of 

a  circle,  and  therefore  touching  it  only  at  one  point     In  trigonometry  it  is  a  line  drawn 

perpendicularly  fit>m  the  extremity  (^  the  diameter,  at  one  end  of  the  arc,  and  bounded 

by  a  straight  line  drawn  from  the  centre  through  the  other. 
Tapeeing.     a  term  expressive  of  the  gradual  approach,  as  tliey  rise,  of  the  sides  of  a  body 

to  each  other,  so  that  if  continued  they  would  terminate  in  a  point 
Taeeas.     See  Book  II.  Chap.  II.  Sect.  10.   It  is  a  strong  cement,  useful  in  aquatic  works. 
Tassals.    (Fr.)     The  pieces  of  timber  lying  under  the  mantel  tree. 
Taste.     See  p.  67S.  676. 
Tatti  Sansovino.     See  Aecbitbcts,  list  o^  289. 
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Tatslljb.   (Lat-)     Brieks  in  ancient  Roman  architecture  which  were  seven  inches  lon^ 

and  three  and  a  half  broad. 
Taxis.    (Gr.)     A  term  used  by  Vitruvius  to  signify  that  disposition  which  assigns  to 

e^ery  part  of  a  building  its  just  dimensions.     Modem  architects  have  called  it  or- 

TAYLoa,  Sia  Rouet.     See  AacHiracrs,  list  of,  90^ 

Teasb  Tbnon.  A  tenon  on  the  top  of  a  post,  with  a  double  shoulder  and  tenon  from  eadi, 
lor  supporting  two  level  pieces  of  timber  at  right  angles  to  each  other. 

TKCToaiuM  Opus.  (Lat. )  A  name  in  ancient  architecture  given  to  a  species  of  plastering 
used  on  the  walls  of  their  apartments. 

Tblamomu.  (Gr.  TAom,  to  support.)  Figures  of  men  used  in  the  same  manner  •%  Cary- 
atides.    They  are  sometimes  called  adaadeMi 

Temonss.    (Gr.  Tff/iror.)    The  places  in  a  temple  where  statues  were  placed. 

TxupxaKD.  An  epithet  applied  to  bricks  which  may  be  cut  with  ease,  and  reduced  with 
ease  to  a  required  form.  The  term  is  also  applied  to  mortar  and  oUier  cement,  which 
has  been  well  beaten  and  mixed  together. 

TsMPLA.  (Lat.)  Timbers  in  the  roof  of  the  Roman  temples,  which  rested  on  the  eamthaiif 
or  principal  rafters,  similar  to  our  purlins. 

Tbmplatk.     An  improper  orthography  for  Templet,  which  see. 

Temple.  (Lat. )  Generally  an  edifice  erected  for  the  public  exercise  of  rdigious  worship. 
The  subject  cX  temples  has  been  so  fully  considered  in  the  body  <^  the  work,  under  the 
different  heads  of  Ancient,  Grecian,  and  Roman  Architecture,  that  we  shall  here  confine 
ourselves  to  the  description  of  the  different  species  of  temples  mentioned  by  Vitruvius. 
The  diflference  between  temples  is  by  that  author  thus  given  (book  iii. ) :  —  A  temple  is 
said  to  be  in  cmtit  when  it  has  antae  or  pilasters  in  front  of  the  walls,  which  enclose  the 
cells,  with  two  columns  between  the  ants.     A  plan  of  such  a  temple  is  seen  in^.  1047. 
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It  was  crowned  with  a  pediment,  and  was  not  dissimilar  to  the  prostylos  temple,  to  which 
we  shall  presently  come.  In  the  figure,  A  is  the  cell,  eta  the  antae,  and  if  in  front  of 
them,  the  columns  6M6  were  placed,  it  would  be  a  prostyfe  temple ;  C  is  the  door  of  the 
cell,  and  6  the  pronaos.  The  appearance  in  front  of  this  species  is  the  same  aa  the 
amphiprostyU  temple,  which  is  given  in  fig,  1048.,  and  wherein  columns  are  also  placed  in 
front  of  the  antae.  Of  the  prostyle  temple,  an  example,  that  of  the  temple  of  Jupiter  and 
Faunus,  existed  on  the  island  of  the  Tyhet  at  Rome.  In  the  figure  of  the  amphiprostyle 
temple,  A  is  the  cell,  B  the  pronaos,  C  the  posticus,  D  the  door  of  the  cell,  and  aa  are  the 
antae.  It  will  be  immediately  seen  that  the  same  elevation  will  apply  {fig,  1049.)  to  both 
the  plans  just  given.  The  amphiprostyle  temple,  be  it  observed,  has  columns  in  the  rear 
as  well  as  in  front,  and  is  distinguished  by  that  from  the  prostyloa  of  ^.  1047.,  whcnrein 
the  columns  MM  (^<^.  1048.)  would  make  that  prostylos  which,  but  for  them,  would  be 
merely  a  temple  in  antis.  The  amphipro9tglo$  then  only  differs  fkt)m  the  prostgk  by 
having  columns  in  the  rear,  repeated  similarly  to  those  in  the  front.     Hie  fig.  I049l 
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applia  Ml  douUe  the  aola  of  the  phn  to  both  flg:  lOlT.  and  1048.,  uid  it  ■  diastjile 
tetratlfle  temple,  tlut  i>,  one  whoH  intenolumiuBtion*  (lee  Colonmadi)  are  of  thrr« 
diuneten^  Uid  the  numbc*  of  wh««  column*  it  four. 


•   • 

c 

i::ri 

*   * 
i*    * 

1 

A                       B 
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Ui*  ipcciei,  irhicli  ii  heiulyle  and  euitylc,  tbti  it,  with  lii  eolumnt  in  IVmt,  wboae 
iatercolumnution  ipi  tuitjilt,  or  of  two  diunner)  and  ■  quuter.  (See  Colonnade.)  In 
ibU  figure,  which  in  to  ■  double  Kile  of  tha  plui.  aaa  are  armttTla, 

The  pMeiuto-dipleral  itm^  wu  coiutrueted  with  eight  columiu  in  front  and  rear,  aod 
_i>h  An_A  n,„  tt,-  .1J_  ■'..-I'ldiDg  thow  at  the  Ulgle^  «ee  fy.  10S2.     Tba  walli  of  the 


ceD  art  opposite  to  the  four  middle  columu  of  the  front  and  of  the  rear.  Hence,  from 
(he  walli  to  the  front  of  the  lower  put  of  Ibe  columns,  there  will  be  an  interral  equal 
to  two  intercolunmiatiani  and  the  thicknm  of  a  eoliunn  all  round.  No  example  eiisted 
of  auch  a  temple  at  Rone ;  but  there  was  one  to  Diana,  built  b;  Hemiagenn  of 
Alabanda,  in  Magneiia,  and  Ihal  of  Apollo  by  Meneithea.  The  dipteral  temple  Q%. 
1053.)  ii  octa*t?]oa  like  the  former,  and  with  a  pronaoa  and  pouieum,  but  all  round  tbe 
cell  are  two  raoki  of  columns:  such  was  the  temple  of  Diana,  built  b;  Ctenpboo.    The 


eleration  (fy.  1054. )  is  tin 

figure  is  with  the  syslf  le  in 

The  AypoMroI  temple,  oi 

and  pOBlicum  ;  it  is  in  olh( 


same  in  tbe  dipteral  and  p: 

that  uncOTered  in  the  ceo 
respects  {see  fig.  lOSS.)  'i 


slytos  in  the  pronaiii 
'  dipteral,  except  tbil 
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in  the  Innde  it  b*»  tvo  stoties  of  columns  all  round,  at  some  distance  from  the  walls, 
after  the  moiuier  of  the  pengtiflia  of  porticoes  (see  fy.  1056.).  in  which  oiu  half  is  the 
eleratioa  and  the  other  faalf  the  sectioa  of  the  temple. 


W*  have  described  the  periptersl  temple,  but  there  is  still  another  o 
that  species,  though  distinct,  and  that  is  the  pseudo-peripteral,  or  ftlse  peripteral,  in 
which  there  is  no  passage  round  the  walls  of  the  cell,  but  an  qppearance  of  surrounding 
columns  (.Kit  fig.  10S7.)- 


n  vsa  given  to  the  space  of  the  « 
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Tbt  rlerotion  of  Ibis  ia  girai  in/;.  1058.      Viuuiius  thus  dewribex,  u  follows,  the 
proportioni  of  the  Tiucui  temple  : 

The  leni^h  of  the  lite  oT  the  temple  intendeil 
(see  j!;.  ID39.)  must  be  diiided  into  ill  parti, 
whence,  by  lubtncting  one  pirt,  tt 


I'ided  ii 


putt,  of  which  the  furthnt  ii  uiigned  ti 

that  neit  the  front  to  the  reception  of  the  coiunins. 

The  aboie  width  ii  lo  be  divided  into  ten  parts, 
of  which  three  to  the  light  and  three  to  the  left 
are  for  the  smaller  cells,  or  for  the  lix,  if  luefa  are 
required ;  the  remaining  four  are  to  be  given  to 
the  central  part.  The  space  before  the  cells  in  the 
pronaoi  ia  to  hare  its  columns  so  amuiged  tliat 
thoie  at  the  angles  are  to  convspond  with  the  antB 
of  the  eiternal  waits :  the  two  central  ones  oppo- 
site the  walli  between  the  ante  and  the  middle  of 
the  temple  are  to  be  to  disposed,  that  between  the 
anta  and  the  (bone  columns,  and  in  Ihal  direction, 
Mhen  may  be  placed. 

Their  Uiickneis  lielow  is  to  be  one-serenth  of 
their  height,  their  height  one-third  of  tbe  width  of 
the  temple,  and  their  thtckoesa  at  top  ii  to  be  one- 
fourth  leu  than  their  tbicLnesa  at  bottom.  Their 
bases  are  to  be  half  ■  diameter  JQ  height.  The 
plinths,  which  are  to  be  circular,  are  half  the  hdght 
of  the  base,  with  a  torus  and  Gllet  on  them  as  high 
as  the  plinth. 

The  height  of  tbe  eapiul  is  to  be  half  a  diameter,  and  (he  width  of  the  abacui  equal 
to  the  lover  diameter  of  the  column.  The  height  of  the  capital  must  be  divided  into 
three  parts,  whereof  one  is  lasigned  to  the  plinth  or  abacus,  aaotber  to  tbe  ecbiuiu,  tbe 
third  to  the  hypotrachelium,  with  its  apaphyge. 

Over  the  calumna  coupled  beams  are  laid  of  such  height  as  the  magoitude  of  tbe 
work  noay  require.  Their  width  must  be  equal  to  that  of  the  hjpotracheliuni  at  the  top 
of  the  column,  and  the;  are  to  be  ao  coupled  together  witb  dovetailed  dowel)  as  lo 
leave  a  space  of  two  inches  between  tbem.  Above  the  beams  and  walls  the  mutuli 
project  one-fourth  of  the  height  of  the  columni.  In  front  of  theae  memben  are  filed, 
and  over  tbem,  the  tympanum  of  the  pediment,  either  of  masonry  ot  limbw. 

Of  circular  templet  there  arc  two  species ;  tbe  mouoptenl  (^.  106a)havingeolumDa 
without  a  cell,  and  the  peripteral  with  a  cell  as  ia  Jig.  I06I.  In  thia  last  tbe  clear 
diameter  of  the  cell  within  the  wall*  ia  to  be  equal  to  the  height  of  the  columni  above 
the  pedestal.  Of  this  tpeeies  wai  the  celebrated  temple  at  Tivoti,  in  the  adraintkia 
whereof  no  dissentient  from  its  allowed  beauty  hat  hitherto  been  recorded.  With  it 
situation  has  doubtless  much  to  do. 


pa 

C  • 
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Tiurtrr.     A  mauld  uied  iu  masonr;  and  brickwork  tor  the  purpose  of  cutting  oi  wtting 

out  the  work.     "When  particulu-  iiccuricy  it  required,  two  templets  should  be  used,  one 

'  for  moulding  the  end  of  the  work,  and  its  reverse  for  trying  the  face.  Wben  man;  stone* 

ir  bricki  are  required  to  be  wrought  with  the  same  mould,  the  templets  ought  to  be 


piece  of  timber  somi 


imes  laid  under  a  girder, 
the  end  at  a  piece  of 


Tfae  term  is  also  used  to  denote  i 
particular);  in  brick  buildings. 

TiBON.   <Fr.  Tenir.)     A  projecting  rectangular  priim  ft 
timber  to  be  Inserted  into  a  mortise  of  the  same  form. 

TiHDH  S^w.      One  with  a  brass  or  steel  back  lor  cutting 

TiNiioH.     The  ilrclching  or  degree  of  sttelching  to  » 
material  is  strained  by  drawing  it  in  the  dlrectioi 

TiocoFOu.     See  Akchitilts,  list  of,  331. 

TiriDAaiUH,    (Lit.)     A  niune  KJTen  to  one  of  the  apartments  of  a  RauiBn  bath. 

Tiav  or  Teihiicui.  A  sort  of  trunk,  pillar,  or  pedestal  oEten  in  the  form  of  (he  tVustum 
of  an  inicrted  obelisk  with  the  busi  of  a  tun,  woman,  or  satyr  on  the  top. 

Tiaaa  Cona.  (It.)  Baked  or  burnt  earth,  frequently  used  at  an  early  period  for  the 
architectural  decoration  of  a  building.  In  the  lime  of  Fausanias  there  were  in  manj 
temples  lUtues  of  the  deities  made  of  this  malerii^.  Basii  rilievi  of  terra  cotta  were 
frequently  employed  to  ornament  the  friezes  of  temples.  In  modem  times  it  has  also 
been  much  used  for  architectural  decoration,  being  plastic  at  first,  eauly  worked,  solid, 

Tiaaaci.      An  area  raised  belbrc  a  building  above  the  level  of  the  ground  to  serve  as  a 

walk.     The  word  is  sometimes  but  improperly  used  to  denote  a  balcony  or  gallery. 
TissiuTED  PaviMiwr.     A  rich  pavement  of  Mosaic  work  made  of  small  square  nurbles, 
bricks,  tiles,  or  pebbles,  called  IciwImOT  trtirra, 

eeive,  applied  to  a  composition  used  tome  yean  ago  fbt  c(       * 


■j  failure,  , 

TnruDo.    (Lat.)    'a  name  given  by  the  ancients  I 

they  ceiled  the  grand  halls  in  baths  and  mansions 

TnaiDOBOK.    (Gr.)     A  species  of  brick  four  polmi 

TnaaooH.   (Gr.)     A  figure  which  his  four  sides  a 

3X3 


■  light  lurbosed  tault  with 
Generally,  any  arched  roof. 

.  as  many  angles. 


Thich 
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TrTKAirimn.   (Or.  Trrpa,  (bur,  and  Inirffw,  to  dnw).      A  nuchine  workiug  witb  bar 

Trniinri.1.    (Gr.  Trrpa,  uid  SruXtt,  ■  column.)     See  Coiakhadi. 

Tbatch.     The  eoreriog  of  itraw  or  teeda  used  on  the  took  of  eotttges,  barm,  and  neb 

buildinga- 
Tkiatie.   (Gr.  euofui,  to  «e«.)     A  pUe<  ^propriated  to  the  representatum  of  dramatic 

ipectaelo.     In  respect  of  the  ancient  tbealTO  wc  page  71. ;  and  of  modem  IbeatiBt 

Book  III.   Chap.  III.   Sect.  16. 
Thcodoliti.     An  inttniment  lued  in  annejing  for  taking  angles  in  Tcrtical  or  bonioolal 

TmoDOBiia.      See  AHCRiTicn,  list  of.  I. 

Thiokim.     a  proposition  vhich  is  the  subject  of  demonstration. 

TnttitM.     See  BAta. 

Thowas  or  CAinaRBuaT.      See  AacHmcTS,  Kat  of.  ISB. 

THoaoDOR  FkAKiNo.      The  framing  of  doon  and  oindon,  a  term  almoit  obsolete. 

THOt.oDaii  LioHTEn  Rooms.     Such  aa  hare  window)  on  opposite  ndea. 

Thushold  or  A  DooB.      Tbe  sill  of  the  door  fi'ame. 

TnaOAT.      See  Goioa  and  Chihhit. 

Thiust.  The  force  e>erted  by  an;  bod;  or  sjslem  of  bodies  against  another.  Thus  tlw 
thrust  of  an  arch  is  the  power  of  tbe  arcb  atones  considered  as  a  combinitioa  of  wedge* 
to  overturn  the  abutments  or  walTs  from  which  tbe  arch  apriDgB. 

TaTHMa.     See  Aichrects,  list  oC  23S. 

Tia.  (Sai.  I'liD,  to  bind.)  A  timber- string,  cfaain,  or  iron  rod  conneetiBg  two  bsdiea 
together,  which  ha*e  a  tendencj  to  diverge  Iram  each  other,  aueh  h  tie-beamsi  diiwanal 
ties,  trun-poflts,  &c.  Braces  may  act  either  aa  tie*  or  straining  pieoea.  Straining  pieoe* 
arc  preferable  to  ties,  fbr  tbeae  cannot  be  so  well  secured  at  the  Jtnnti  a*  straining 

ich  connects  the  bottom  of  a  pair  of  principal  rafters,  and  premts 
tbem  from  thrasting  out  the  wall. 

Tiaaci  PoiHT.  lite  Tertel  of  an  equililenl  triangle.  Arches  or  vaults  of  the  third  paiot, 
which  are  caUed  bj  the  Italians  di  terto  acvio,  are  auch  ss  consist  of  two  arcs  o(  a  circle 
inleraeeting  at  the  top. 

TinLANDUS.     See  AacHrric™,  list  of,  73. 

Tioa.    (Fr.)     A  term  used  by  the  French,  signifying  the  shaft  of  a  column. 

Till  (Sal.  Tisel.)  A  thin  piece  or  plate  of  bak^  clay  or  other  material  uaed  for  tbe 
eitarnal  covering  of  a  roof.  See  Book  II.  Clhap,  III.  Sect.  9.  In  ancient  baildit^ 
two  forma  of  lilea  were  used.  The  imbrex,  placed  in  regular  rows  to  reoeive  the  shower, 
and  tbe  tegula,  which  covared  and  prevented  tbe  rain  from  penetiating  tbe  joints.  Tbe 
latter  were  Hied  at  the  eaves  with  upright  ornamental  pieces  called  antefii".  which  were 
also  repeated  along  the  ridge  at  the  Junctitm  of  the  tiles.  Tbe  present  oommaa  tiles  «f 
Italy  are  on  this  principle,  and  are  shown  by^.  1062. 


TlLi  CaiAaiHO.    See  Caiisino. 

TiUMO.    See  Book  II.  Chap.  III.  Sect.  3. 

TiMnta.  (SaT.  Timbiiiao,  to  build.)  Properly  denotes  all  such  wood,  either  growing  or 
cut  down,  aa  is  suited  to  the  purposes  of  building.  A  single  piece  of  wood,  similarly 
employed,  is  so  called  as  one  of  the  h'laicn  of  a  floor,  roof,  &«.  See  Book  IL  Ch^.  II. 
Sect.  4. 

TiODAS.     See  AacBincTra,  list  of;  79. 

Tona.  (Gr.  Tu^Sot.)  A  grave  or  place  for  the  interment  of  a  human  body,  including  also 
any  commemorative  monument  raised  over  sudi  a  place.  Tbe  word  embraces  every 
variety  of  grave  and  sepulchral  monument,  f^m  tbe  meanest  grave  to  the  most  aumptuons 

ToKDiHO.    (It.)    Same  as  ToBDa.  which  aee. 

ToNoua.     See  Gaoovs. 

Toou.    (Sai.)      InstrumenU  used  by  artificers  fiw  the  reduction  of  any  material  to  its 
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intended  form.     An  account  of  those  used  by  each  set  of  workmen  will  be  found  under 
each  department  in  Book  11.  Chap.  III. 

Tooth.  The  iron  or  steel  point  in  a  gage  which  marks  the  stuff  in  its  passage,  or  draws  a 
line  parallel  to  the  arris  of  the  piece  of  wood. 

Toothing.  A  projecting  piece  of  material  which  is  to  be  received  into  an  adjoining  piece. 
A  tongue  or  series  of  tongues. 

Top  Bkam.     The  same  as  Collar  Beam,  which  see. 

Tor  Rail.  The  uppermost  rail  of  a  piece  of  iraming  or  wainscotting,  as  its  name 
imports. 

ToasBL.     The  same  as  Tassel,  which  see. 

Torsion.     The  twisting  strain  on  any  material. 

Toaus.  (Lat.)  A  large  moulding  whose  section  is  semicircular,  used  in  the  bases  of 
columns.  The  only  difference  between  it  and  the  astragal  is  in  the  size,  the  astragal 
being  much  smaller. 

TowKE.  (Sax.)     A  lofty  building  of  several  stories,  round  or  polygonal. 

TowK  Hall.  A  building  in  which  the  affairs  of  a  town  are  transacted.  See  Book  III, 
Chap.  III.  Sect.  7. 

Trabeatiok.     Another  term  for  Establature. 

Trabs.     The  Latin  term  for  a  wall-plate. 

Trackr7.  In  Gothic  architecture,  the  intersection,  in  various  ways,  of  the  mullions  in  the 
head  of  a  window,  the  subdivisions  of  groined  vaulU,  &c. 

TftAMMKL.     An  instrument  for  describing  an  ellipsis  by  continued  motion. 

TaANSBrr  (quasi,  transseptum).  The  transverse  portion  of  a  cruciform  church  ;  that  part 
which  is  placed  between  and  extends  beyond  those  divisions  of  the  building  containing 
the  nave  and  choir.  It  is  one  of  the  arms  projecting  each  way  on  the  side  of  the  stem  of 
the  cross. 

Tramsok.  a  beam  across  a  window  of  two  lights  in  height.  If  a  window  have  no  tran- 
som it  is  called  a  clear  story  window. 

Trakstba.    (Lat.)     The  horizontal  timbers  in  the  roofs  of  ancient  Roman  buildings. 

Transvxrsb.  Lying  in  a  cross  direction.  The  transverse  strain  of  a  piece  of  timber  is  that 
sidewise,  by  which  it  is  more  easily  bent  or  broken  tlian  when  compressed  or  drawn  as  a 
tie  in  the  direction  of  its  length. 

Trapezium.  (Gr.)  In  geometry,  a  quadrilateral  figure  whose  four  sides  and  angles  are 
unequal,  but  two  of  its  sides  parallel. 

Traverse.     A  gallery  or  loft  of  communication  in  a  church  or  other  large  building. 

Tread  of  the  Step  of  a  Stair.     Hie  horizontal  part  of  it. 

Trefoil.     In  Gothic  architecture,  an  ornament  consisting  of  three  cusps  in  a  circle. 

Trellicb.  a  reticulated  framing  made  of  thin  bars  of  wood  for  screens ;  windows  where 
air  is  required  for  the  apartment,  &c. 

Tbbssxl  or  Trussbl.  Props  for  the  support  of  any  thing,  the  under  surface  of  which  is 
horizontal.  Each  trussel  consists  of  three  or  four  legs  attached  to  a  horizontal  part. 
When  the  tressels  are  high  the  legs  are  sometimes  braced.  Tressels  are  much  used  in 
building  for  the  support  of  scaffolding,  and  by  carpenters  and  joiners  for  ripping  and 
cross-cutting  timber,  and  for  many  other  purposes. 

Tbianglb.  (Lat.)  A  plane  rectilineal  figure  of  three  sides,  and  consequently  of  three 
angles.  In  measuring,  all  rectilineal  figures  must  be  reduced  to  triangles,  and  in  con- 
structions for  carpentry  all  frames  of  more  than  three  sides  must  be  reduced  to  triangles 
to  prevent  a  revolution  round  the  angles. 

Triangular  Compasses.  Such  as  have  three  legs  or  feet  by  which  any  triangle  or  any 
three  points  may  be  taken  off  at  once. 

Triclikium.  (Lat.)  The  room  in  the  Roman  house  wherein  the  company  was  received, 
and  seats  placed  for  their  accommodation.  It  was  raised  two  steps  firom  the  peristyle,  and 
had  therein  a  large  window,  which  looked  upon  the  garden.  The  aspect  of  winter 
triclinia  was  to  the  west,  and  of  summer  triclinia  to  the  east.     See  p.  102. 

Triforium.  (I^t. )  The  gallery  or  open  space  between  the  vaulting  and  the  roof  of  the 
aisles  of  a  church,  generally  lighted  by  windows  in  the  external  wall  of  the  building,  and 
opening  to  the  nave,  choir,  or  transept  over  the  main  arches.  It  occurs  only  in  large 
churches,  and  is  varied  in  the  arrangement  and  decoration  of  its  openings  in  each  suc> 
ceeding  period  of  architecture. 

Trigltph.  (^Gt.  Tp«i5,  and  T\v^,  a  channel.)  The  vertical  tablets  in  the  Doric  frieze 
chamfered  on  the  two  vertical  edges,  and  having  two  channels  in  the  middle,  which  are 
double  channels  to  those  at  the  angles.  In  the  Grecian  Doric,  the  triglyph  is  placed 
upon  the  angle ;  but,  in  the  Roman,  the  triglyph  nearest  the  angle  is  placed  centrally 
over  the  column. 

Trioomombtry.  (  Gr.  Tpcts,  three,  TwtnOf  an  angle,  and  Mrrpw,  I  measure. )  The  science  of 
determining  the  unknown  parts  of  a  triangle  from  certain  parts  that  are  given.  It  is  either 
plane  or  spherical}  the  first  relates  to  triangles  composed  of  three  right  lines,  and  th« 
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seoond  to  tiiangles  formed  upon  tfae  suHmce  of  a  q>liere  by  three  circular  ares. 
latter  is  of  lets  importance  to  the  architect  than  the  former,  which  b«  for  his  puipose, 
sufficiently  explained  in  Book  II.  Chap.  I.  Sect.  14. 

TaiLATERAL.  (Lat.)     Having  three  sides. 

TaxM.  (Verb.)     To  fit  to  any  thing ;  thus,  to  trim  iqp,  is  to  fit  up. 

TaiMKKD.  A  piece  of  vorkmanship  fitted  between  others  previously  executed,  which  is 
then  said  to  be  trintmtd  in  between  them.  Thus,  a  partition  wall  is  said  to  be  trimmed 
up  between  the  floor  and  the  ceiling ;  a  post  between  two  beams ;  a  trimmer  between  two 
joists. 

TaiMMKo  OUT.  A  term  applied  to  the  trinmiers  of  stairs  when  brought  forward  to  reerive 
the  rough  strings. 

TaixMxa.  A  small  beam,  into  which  are  framed  the  ends  of  several  joistsi  The  two 
joists,  into  which  each  end  of  the  trimmer  is  framed,  are  called  trimndng  joisig.  This 
arrangement  takes  place  where  a  well-hole  is  to  be  left  for  stairs,  or  to  avoid  bringing 
joists  near  chimneys,  &c. 

TaiWE  Dimensions.  Those  of  a  solid,  including  length,  breadth,  and  thickness ;  the  same 
as  threefold  dimensions. 

TaiFOD.  (Gr.  Tpiif,  and  Ilovr,  a  foot.)  A  table  or  seat  with  three  legs.  In  arehitectnral 
ornament  its  forms  are  extremely  varied,  many  of  those  of  the  ancients  are  remarkable 
for  their  el^^nce  and  beauty  of  form. 

TaiSECTioN.     The  division  of  any  thing  into  three  equal  parts. 

Trochilus.  (  Gr.  TpoxtAor,  a  pulley. )  An  annular  moulding  whose  section  is  concave^  like 
the  edge  of  a  pulley.  It  is  more  commonly  called  a  Moiia,  and  its  place  ia  between  the 
two  tori  of  the  base  of  a  column. 

TaocHoiD.  (Gr.  Tpoxos  a  wheel,  and  EiSor,  shape.)  A  figure  described  by  rolling  a 
circle  upon  a  straight  line,  such  circle  having  a  pin  or  fixed  point  in  its  cireumforeoce 
upon  a  fixed  plane,  in  or  parallel  to  the  plane  of  the  moving  circle.  It  b  also  called  a 
cycloid. 

TaorHONius.     See  Architects,  list  o£^  3. 

TaoPHY.  (Gr.  Tpoiratay,)  An  ornament  representing  the  trunk  of  a  tree  charged  with 
various  spoils  of  war. 

Trough.  (Sax.  Tpoh.)  A  vessel  in  the  form  of  a  rectangular  prism,  open  on  the  top  for 
holding  water. 

Taouaii  Gutter.  A  gutter  in  the  form  of  a  trough,  placed  below  the  dripping  eares  o€  a 
house,  in  order  to  convey  the  water  from  the  ro^  to  the  vertical  trunk  or  pipe  by  which 
it  is  to  be  discharged.     It  is  only  used  in  common  buildings  and  outhouses. 

Truncated.  (Lat  Trunco,  I  cut  diort )  A  term  employed  to  signify  that  the  u|^ier  por- 
tion of  some  solid,  as  a  cone,  pyramid,  sphere,  &c.  has  been  cut  off.  The  part  which  re- 
mains is  called  a  frustum. 

Trunk.  That  part  of  a  pilaster  which  is  contained  between  the  base  and  the  capital ; 
also  a  vessel  open  at  each  end  for  the  discharge  of  water,  rain,  &e. 

Truss.  (Fr.  Trousse.)  A  combination  of  timber  filming,  so  arranged,  that  if  suspended  at 
two  given  points,  and  charged  with  one  or  more  weights  in  certain  others,  no  timber 
would  press  transversely  upon  another  except  by  timbers  exerting  equal  and  epposite 
forces.     The  principle  of  a  truss  is  explained  at  p.  546. 

Truss  Partition.  One  containing  a  truss  within  it,  generally  consisting  of  a  quadrangu- 
lar fivme^  two  braces,  and  two  queen  posts,  with  a  straining  post  between  them,  opposite 
to  the  top  of  the  braces. 

Trussed  Beam.  One  in  which  tiie  combination  of  a  truss  is  inserted  between  and  let 
into  the  two  pieces  whereof  it  is  composed. 

Trussing  Pieces.     Those  timbers  in  a  roof  that  are  in  a  state  of  compression. 

Tar.  (  Verb. )    To  plane  a  piece  of  stuff  by  the  rule  and  square  only. 

Tube.  (Lat.)  A  substance  perforated  longitudinally;  generally  quite  through  its 
length. 

Tumbled  in.     The  same  as  trimmed  in.     See  Trimmed. 

Tunnel.  ( Fr. )  A  subterranean  channel  for  carrying  a  stream  of  water  under  a  road, 
hill,  &c. 

Turning  Piece.     A  board  with  a  circular  edge  for  turning  a  thin  brick  arch  upon. 

Turpentine.  A  resinous  juice  extracted  from  several  trees  belonging  to  the  genua  JRuno. 
All  turpentine  is  obtained  by  exudation  and  hardening  of  the  juice  flowing  from  inci- 
sions into  the  pine  trees.  To  obtain  the  oil  of  turpentine,  the  juice  is  distilled  in  an  ap- 
paratus like  the  common  still,  and  water  is  introduced  with  the  turpentine. 

TuRRTT.  (Lat  Turris.)     A  small  tower  often  crowning  the  angle  of  a  wall,  &e. 

Tuscan  Order.     See  Book  III.  Chap.  I.  Sect.  3. 

Tusk.  A  bevel  shoulder  made  above  a  tenon,  and  let  into  a  girder  to  give  strength  to  the 
tenon. 

Tympanum.  (Gr.)     The  naked  fiuse  of  a  pediment  (see  Pediment)  included  between  the 
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level  ftud  raking  mouldings.  The  word  also'  signifies  the  die  of  a  pedestal,  and  the 
panel  of  a  door. 

Ttpk.  (Gr.  Tmros.)  A  word  expressing  by  general  acceptation,  and  consequently  appli- 
cable to,  many  of  the  varieties  involyed  in  the  terms  model,  matrix,  impression,  &c. 
It  is,  in  architecture,  that  primitive  modd,  whatever  it  may  have  been,  that  has  bec»i  the 
foundation  of  every  styles  and  which  has  guided,  or  is  supposed  to  have  guided,  the 
forms  and  details  of  each.  What  it  was  in  each  style  is  still  only  conjecture,  and  forms 
the  ground  for  the  various  observations  on  them  in  various  parts  of  the  body  of  this 
work. 

Tyfk.     The  canopy  over  a  pulpit. 

U. 

UNDZUPiKyiNo.  Brmging  a  wall  up  to  the  ground  sill.  The  term  is  also  used  to  denote 
the  temporary  support  of  a  wall,  whose  lower  part  or  foundations  are  defective,  and  the 
bringing  up  new  solid  work  whereon  it  is  in  future  to  rest 

Unoula.  Tlie  portion  of  a  cylinder  or  cone  comprised  by  part  of  the  curved  sur&ce,  the 
segment  of  a  circle,  which  is  part  of  the  base,  and  another  plane. 

Univbesitt.  An  assemblage  of  colleges  under  the  supervision  of  a  senate,  &c.  See 
Book  III.  Chap.  III.  Sect  8. 

UrHCEs.  Fir  poles,  from  four  to  seven  inches  in  diameter,  and  from,  twenty  to  forty  feet 
in  length.  Tliey  are  often  hewn  on  the  sides,  but  not  entirely  to  reduce  them  square. 
They  are  chiefly  used  for  scaffolding  and  ladders,  and  are  also  employed  in  slight  and 
common  roofs,  for  which  they  are  split 

Upaigut.     The  elevation  of  a  building ;  a  term  rarely  used. 

UaiA,  DK.     See  Architzcts,  list  of,  209. 

Urilla.     See  Helix. 

Urn.  (Lat.)  A  vase  of  a  circular  form,  destined  among  the  ancients  to  receive  and  pre- 
serve the  ashes  of  the  dead. 

UsTAHBEA.     See  Architects,  list  ot,  80. 

V. 

Vagika.  (Lat.)     The  lower  part  of  a  terminus  in  which  the  statue  is  apparently  inserted. 

Valdxvira.     See  Architscts,  list  of,  224. 

Valerius  of  Ostia.     See  Architects,  list  ot,  32. 

Vallet.  (Lat)  The  internal  meeting  of  the  two  inclined  sides  of  a  roof.  The  rafter 
which  supports  the  valley  is  called  the  vaUey  rafter  or  valley  piece,  and  the  board  fixed 
upon  it  for  the  leaden  gutter  to  rest  upon  is  called  the  valley  hoard.  The  old  writers 
called  the  valley  rafters  deeperg. 

Valuations  or  PaorERTr.     See  Appendix,  p.  882. 

Valved.     Any  thing  which  opens  on  hinges. 

Vanbruoh.     See  Architects,  list  of,  270. 

Vane.  A  plate  of  metal  shaped  like  a  banner  fixed  on  the  summit  of  a  tower  or  steeple, 
to  show  the  direction  of  the  wind. 

Vanishing  Line.  In  perspective,  the  intersection  of  the  parallel  of  any  original  plane  and 
the  picture  is  called  the  vanishing  line  of  such  plane.  The  vaniehing  point  is  that  to 
which  all  parallel  lines  in  the  same  plane  tend  in  the  representatioB. 

Vanvitelli.     See  Arcuitbcts,  list  ol^  291 . 

Variation  op  Curvatueb.  llie  change  in  a  curve  by  which  it  becomes  quicker  or  flatter 
in  its  different  parts.  Thus,  the  curvature  of  the  (|uarter  of  an  ellipsis  terminated  by 
the  two  axes  is  continually  quicker  from  the  extremity  of  the  greater  axis  to  that  of  the 
lesser.     There  is  no  variation  of  curvature  in  the  circle. 

Varnish.  A  glossy  eoat  on  painting  or  the  surfoce  of  any  matter.  It  consists  of  dif- 
ferent resins  in  a  state  of  solution,  whereof  the  most  common  are  mastic,  sandarac,  lac, 
benzoin,  copal,  amber,  and  asphaltum.  Tlie  menstrua  are  either  expressed,  or  essential 
oils,  or  al<K>hol. 

Vase.  (Lat.  Vas.)  A  term  applied  to  a  vessel  of  various  forms,  and  chiefly  used  as  an 
ornament  It  is  also  used  to  denote  the  bell,  or  naked  form,  to  which  the  foliage  and 
volutes  of  the  Corinthian  and  Composite  capitals  are  applied.  The  vases  of  a  theatre  in 
ancient  architecture  were  bell-shipped  vessels  placed  under  the  seats  to  produce  reverber- 
ation of  the  sound. 

Vault.  (It.  Volto.)  An  arched  roof  over  an  apartment,  concave  towards  the  void,  whose 
section  may  be  that  of  any  curve  in  the  same  direction.  Thus  a  eylindric  vault  has  its 
sur&ce  part  of  a  cylinder.  A  fun-centred  vault  is  formed  by  a  semi-cylinder.  When  a 
vault  is  greater  in  height  than  half  its  span,  it  is  said  to  be  surmounted  when  less  surbased. 
A  rampant  vault  springs  from  planes  not  parallel  to  the  horiaoo.  The  double  vault  occurs 
in  the  case  of  one  being  above  another.     A  conte  vault  is  formed  of  part  of  the  surfoce 
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of  m  cone,  m  m  tpkerieal  vamU  consitU  of  part  of  the  tur&ce  of  m  ^here.    The  pUne  of  an 
cMaafar  vauU  U  contained  between  two  concentric  circlet.     A  vault  is  said  to  be  ^mpU 
I  when  formed  by  the  surftce  of  some  regular  solid  round  one  axis,  and  compotmd  when 

formed  of  more  than  one  sur&oe  of  the  same  solid  or  of  two  different  solids.  A  cj^ndro- 
ejfUndrie  vauU  is  formed  of  the  surfiioes  of  two  unequal  cylinders :  and  a  gtwmed  vamU  is 
a  compound  one  rising  to  the  Mme  height  in  its  surfaces  as  that  of  two  equal  cylinders, 
or  a  cylinder  with  a  cylindroid.  The  reina  of  a  vault  are  the  ades  or  waUa  that  sustain 
the  arch.     See  the  section  on  AmcHss,  Book  II.  Chap.  I.  Sect.  9. 

Vklaeium.  (Lat.)     The  great  awning  which  by  means  of  tackle  was  hoisted  over   the 
theatre  and  amphitheatre  to  protect  the  spectators  from  the  rain  or  the  sun's  rajs. 

VsLLAE  Cupola.     A  term  used  by  Alberti  to  denote  a  dome  or  spherical  surfiiee  tenni> 
nated  by  four  or  more  walls,  frequently  used  over  large  staircases  and  salons,  and  oUier 
I  lofty  apartments. 

VcKcaa.     A  very  thin  leaf  of  wood  of  a  superior  quality  for  covering  doors  or  articles  of 
furniture  which  are  made  of  an  inferior  wood. 

Vbkktiak  Dooa.     A  door  having  side  lights  on  each  side  for  lighting  an  entrance  halL 

VsNKTiAN  Window.  One  formed  with  three  apertures  separated  by  slender  piers  from  emeh 
other,  whereof  the  centre  one  is  much  larger  than  those  on  the  sides. 

VxNT.  The  flue  or  funnel  o€  a  chimney  ;  also  any  conduit  for  carrying  off  that  which  is 
offensive. 

Vkktiouct.     a  passage  or  pipe  for  the  introduction  of  fresh  air  to  an  apartment. 

VcKTXLATioK.  The  continual  supply  of  fresh  air  to  an  apartment,  a  subject  which  latterly 
has  been  considered  so  necessary,  though  much  neglected  as  the  modems  seem  to  think 
by  their  ancestors,  that  a  volume  would  not  hold  the  schemes  that  have  been  latterly  pro- 
posed for  that  purpoae.  Generally  it  is  enough  for  the  architect  to  provide  means  for 
letting  off  the  hot  air  of  an  apartment  or  building  by  apertures  at  the  upper  part  of  the 
rooms,  &c.,  to  which  the  hot  air  will  ascend  without  afflicting  with  the  currents  of  fresh 
air  that  are  to  be  introduced  those  that  inhabit  them. 

VcaMiCDLATED.  (Lat.)  A  term  applied  to  rustic- work  which  is  so  wrought  as  to  have 
the  appearance  of  having  been  eaten  into  by  worms. 

VxRTBZ.  (Lat  the  top.)  A  term  generally  applied  to  the  termination  of  any  thing 
finishing  in  a  point,  thus  we  say  the  vertex  of  a  cone.  See. 

Vbrtical  Akglks.     The  opposite  ones  made  by  two  straight  lines  cutting  each  other. 

Vkrtical  Plank.     One  whose  sur&oe  is  perpendicular  to  tlie  horiaonr 

VcsTiBULB.  (Lat.  Vestibulum. )  An  apartment  which  serves  as  the  medium  of  communi- 
cation to  another  room  or  series  of  rooms.  In  the  Roman  houses  it  appears  to  have 
been  the  place  before  the  entrance  where  the  clients  of  the  master  of  the  house,  or  those 
wishing  to  pay  their  court  to  him,  waited  before  introduction.  It  was  not  considered  as 
forming  a  part  of  the  house.  The  entrance  from  the  vestibulum  led  immediately  into 
the  atrium,  or  into  the  cavfediunu 

Vbstbt.  (Lat.  Vestiarium.)  An  apartment  in,  or  attached  to*  a  church  for  the  presv- 
vation  of  the  sacred  vestments  and  utensils. 

VicB.  A  term  in  old  records  applied  to  a  qpiral  or  winding  staircase.  In  mechanics  a 
machine  serving  to  hold  fast  any  thing  worked  upon,  whether  the  purx>08e  be  filing,  bend- 
ing, riveting,  &c. 

Villa.  A  country-house  for  the  residence  of  an  opulent  person.  Among  the  Romans 
there  were  three  descriptions  of  villa,  each  having  its  particular  destination,  namely.  The 
Villa  urbana,  which  was  the  residence  of  the  proprietor,  and  contained  all  the  oonve* 
niences  of  a  mansion  in  the  city.  The  FiUa  ncsttoo,  which  contained  not  only  all  that 
was  essential  to  rural  economy,  such  as  bams,  stables,  &c.,  but  comprised  lodging  apart* 
ments  for  all  those  who  ministered  in  the  operations  of  the  forming  establishnsent.  The 
Villa  fruetuaria  was  appropriated  to  the  preservation  of  the  different  productions  of  the 
estate,  and  contained  the  granaries,  magazines  for  the  oil,  cellars  for  the  wine>  &c.  See 
Book  in.  Chap.  III.  Sect  22. 

Vinci,  da.     See  AacHrrBcrs,  list  of,  181. 

ViNBRT.     A  house  for  the  cultivation  of  vines.     See  Consbrvatort. 

VxsoRiuM.  (Lat)     See  Amthithbatrb. 

Visual  Point.  In  perspective  a  point  in  the  horisontal  line  in  which  the  visual  rays 
unite. 

Visual  Rat.     A  line  of  light  supposed  to  come  from  a  point  of  the  object  to  the  eye. 

VrroNL     See  Architbcts,  list  ot,  168. 

ViTRincATioN.     The  hardening  of  argillaceous  stones  by  heat 

Vrrauviiis  PoLLia     See  ARCHrrxcrs,  list  of,  40. 

ViTRUTius  Cbrdo.     See  Abchitbcts,  list  of,  41. 

Vivo.  (Ital.)     The  shaft  of  a  column. 

VoLUTB.  A  spiral  scroll  which  forms  the  principal  feature  of  the  Ionic  and  Composite 
capitals. 


I . 
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VoMiToaiA.  (Lat.)     See  AiiPHiTHXATax. 

VoossoTE.  (Fr.)  A  wedge-like  stone  or  other  matter  forming  one  of  the  pieces  of  an  arch. 
See  AacH. 

W. 

WaooK'Hsadzd  Ceiling.     The  same  as  cylindric  ceiling.     See  Vault. 

Waixscot.  (Dutch,  Wayschot)  A  term  usually  applied  to  the  wooden  lining  of  walk  in 
panels.  The  wood  originally  used  for  this  purpose  was  a  foreign  oak  (see  p.  482.) ; 
hence  the  name  of  the  material  became  attached  to  the  work  itself. 

WALrcLnr.     See  Architects,  list  of,  84. 

Wall.  A  body  of  materials  for  the  enclosure  of  a  building  and  the  support  of  its  Tarious 
parts.     See  Book  II.  Chap.  I.  Sect  10. 

Walls  of  the  Ancients.     EmpUeton^  Isodomum,  Paeudo~i»odomum,     See  Masonet. 

Walls,  cased.  Those  faced  up  anew  round  a  building,  in  order  to  cover  an  inferior  mate- 
rial, or  old  work  gone  to  decay. 

Walnut.     A  forest  tree  useful  for  building  purposes.     See  p.  484. 

Walsingbabi.     See  Architects,  list  oi,  142. 

Ware.     See  Aechitects,  list  of,  289. 

Warren.     See  Architects,  list  of,  250, 

Water-closet.     See  p.  583. 

Water  Shoot.     See  Square  Shoot. 

Water  Table.     See  Table,  Water. 

Watneflete.     See  Architects,  list  of,  165. 

Weather-boa RDINO.     See  Boarding  for  outside  Wore. 

Weather-tiling.     The  covering  an  upright  wall  with  tiles. 

Wedge.  (Dan.  Wegge.)     An  instrument  used  for  splitting  wood  or  other  substances;  it  is 
usuidly  classed  among  the  mechanical  powers.     See  p.  392. 

Weight.  (Sax.  Wihc)  In  mechanics,  a  quantity  determined  by  the  balance;  a  mass  by 
which  other  bodies  are  examined.  It  denotes  anything  to  be  raised,  sustained,  or  moved 
by  a  machine  as  distinguished  from  the  power,  or  that  by  which  the  machine  is  put  in 
motion. 

Weight,  in  commerce,  denotes  a  body  of  given  dimensions,  used  as  a  standard  of  com- 
parison for  all  others.  By  an  act  of  parliament  passed  in  June  1824,  all  weights  were  to 
remain  as  they  then  were,  that  act  only  declaring  that  the  imperial  standard  pound  troy 
shall  be  the  unit  or  only  standard  measure  of  weight  from  which  all  other  weights  shall ' 
be  derived  and  computed ;  that  this  troy  pound  is  equal  to  the  weight  of  22*815  cubic 
inches  of  distilled  water  weighed  in  air  at  the  temperature  of  62°  of  Fahrenheit's  thermo- 
meter, the  barometer  being  at  30  inches,  and  that  there  being  5760  grains  in  a  troy 
pound,  there  will  be  7000  such  grains  in  a  pound  avoirdupois. 


Troy  Weight. 

24  j 
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5760 

gndns 
... 

... 

s     1  pennyweight 

»  20 si  ounce. 

b240 »12   .   .  .     »  1 

Avoirdupois  Weight. 

pound. 

16  drams  aa 

256    ...    « 

7168    .  .  .    « 

28672   .  .  .    » 

573440   .  .  .    « 
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35840 

ounce. 

.  .  .    ai       1  pound. 

...»     28    ...     a*  1  quarter. 

...       ssi     1 1 3S      .     .     .        ^B     4     .     .     .     • 

.  .  .    «2240    .  .  .     =80   .... 

-    1  cwt 
«20  .  . 

I  ton. 
The  avoirdupois  pound  :  pound  troy  : :  1 75  :  144,  or  : .'  1 1  :  9  nearly  ;  and  an  avoirdu- 
pois pound  is  equal  to  1  lb.  2  ox.  11  dwts.  16  grains  troy.     A  troy  ounce  « 1  ox.  1*55  dr. 

avoirdupoiSb 

The  following  is  a  table  of  weights  according  to  the  new  French  system. 

Kamet.  French  tsIim.                                                 Englbh  raloe. 

Millier,  1000  kilogrammes  « 1  French  ton          -  »     19'7  cwts. 

Quintal,  100  kilogrammes        ...         .   »       1*97  cwt 

„,.  /Weight  of  one  cubic  decimeter  of  water  of       /   2*6803  lbs.  troy. 

ILUogramme,  ^     the  temperature  of  39°  1 2' Fahrenheit   ^\  2*5055  lbs.  avoirdupois. 

wT    X  ixu^i-'i  i    3-2  ounces  troy. 

Hectogramme,     A***  of  kilogramme       -        -        -        '- \  3*52  ounces  avoirdupois. 

Decagramme,      ^th  of  kilogramme      -         -         -         -  =•       6*43  dwts,  troy. 

f  15*438  grains  troy. 

Gramme,  p)jgth  of  kilogramme  -  -         -         *  ■*  1    0*643  pennyweight 

1^  0*032  ounce  troy. 
Decigramme,      i^lggth  of  kilograoune     -        -        -         -   »       1*5438  grain  troy. 
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The  following  table  exhibits  the  proportion  of  weights  in   the  prinopal  places  of 
Europe  to  100  lbs.  English  avoirdupois. 

91  lbs.  8  ox.  for  the  pound  of  Amsterdam,  Paris  (old),  &c. 

—  Antwerp  or  Brabant. 

—  Rouen  (the  Viscounty  weight)L 

—  Lyons  (the  city  weight). 

—  Rochelle. 

—  Toulouse  and  Upper  Laiiguedo& 

—  Marseilles  or  ProTence. 

—  Greneva. 

—  Hamburgh. 

—  Frankfort,  &e. 

—  Leipsie,  &c 

—  Genoa. 

—  Leghorn. 

—  Muan. 

—  Venice. 
-*  Naples. 

—  Seville,  Cadiz,  &c 

—  Portugal. 

—  Liege. 

—  .  Russia. 

—  Sweden. 

—  Denmark. 

The  Paris  pound  (poids  de  marc  of  Charlemagne)  contained  9216  Paris  grains;  it  was 
divided  into  16  ounces,  each  ounce  into  8  gros,  and  each  gros  into  72  grains.  It  is  equal 
to  7561  English  troy  grains. 

Tlie  English  trov  pound  of  12  ounces  contains  5760  troy  grains » 7021  Paris  grains. 
The  English  avoiraupcns  pound  of  16  ounces  c<xituns  7000  English  troy  grains,  and  is 
equal  to  8538  Paris  grains. 

To  reduce  Paris  g^ins  to  English  troy  grains,  divide  by  1 1  •oiao 

Or,  to  reduce  English  troy  grains  to  Paris  grains,  multiply  by  j 
To  reduce  Paris  ounces  to  English  troy,  divide  by  1  1'015734 

To  reduce  English  troy  ounces  to  Pkris,  multiply  by  J  * 

WciGHTS  OF  A  Sash  are  two  weights  by  whidi  the  nsh  is  suspended  and  kept  in  the 
situation  to  which  it  is  raised  by  means  of  cords  passing  over  pulleys,  llie  vertieal  ade» 
of  the  sash  frames  are  generally  mada  hollow  in  order  to  receive  the  weights,  which,  by 
this  means  are  entirely  concealed.  Thus,  to  keep  the  sash  in  8uq>ension,  each  weight 
must  be  half  the  weight  of  the  sash.  The  cords  should  be  of  good  quality,  or  they 
soon  fret  to  pieces. 

WsLcu  Groins.  A  groin  formed  by  the  intersection  of  two  cylindrical  vaults,  one 
whereof  is  of  less  height  than  the  other. 

WxLL.  A  deep  circular  pit,  or  sort  of  shaft,  sunk  by  digging  down  through  the  diflfmnt 
strata  or  beds  of  earthy  or  other  materials  of  the  soil,  so  as  to  form  an  excavation  for  the 
purpose  of  containing  the  water  of  some  spring  or  internal  reservoir,  by  which  it  may 
be  supplied. 

WsLL-HOLK.    In  a  flight  of  stairs,  the  space  left  in  the  middle  beyond  the  ends  of  the  steps. 

WxsTON.     See  Aucbitxcts,  list  of,  137. 

Whxxl.  (Sax.)  In  mechanics,  an  engine  consisting  of  a  circular  body  turning  on  an  axis, 
for  enabling  a  given  power  to  move  or  overcome  a  given  weight  or  resistance.  This 
machine  may  be  referred  to  the  lever. 

Wbxsl  Window.  In  Gothic  architecture,  a  circular  window,  with  radiating  muliions, 
resembling  the  disposition  of  the  spokes  of  a  wheel. 

Whctstonc.  a  stone  of  fine  quality  by  which  tools  for  cutting  wood  are  brought  to  a 
fine  edge,  after  being  ground  upon  a  gritstone,  or  grinding-stone,  to  a  rough  edge. 

Whitx  Lkap.  a  material  forming  the  basis  of  most  colours  in  house-painting.  The 
common  method  of  making  it  is  by  roUing  up  thin  leaden  plates  spirally,  so  as  to  leave  the 
space  of  about  an  inch  between  each  coil.  Tliese  are  placed  vertically  in  eartlien  pots,  at 
the  bottom  of  which  is  some  good  vinegar.  The  pots  are  covered,  and  exposed  for  a 
length  of  time  to  a  gentle  heat  in  a  sandbath,  or  by  bedding  them  in  dung.  The  vapour 
of  the  vinegar,  assisted  by  the  tendency  of  lead  to  combine  with  the  oxygen  whidi  is 
present,  corrodes  the  lead,  and  converts  the  external  portion  into  a  white  substance 
which  comes  off*  in  flakes.  These  are  washed  and  dried  in  stoves  in  lumps^  and  form  the 
white  lead  of  the  painters. 

Wicxrr.     A  small  door  made  in  a  gate. 
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William  of  Scms.    See  Architects,  list  of,  100. 

WiLLLAM  OF  Wtkbham.    See  Architscts,  list  of^  141. 

Wind-beam.     An  obsolete  name  for  a  Collar-beam. 

Windlass  or  Windlacb.  A  machine  for  raising  weights,  in  which  a  rope  or  chain  is 
wound  about  a  cylindrical  body  moved  by  levers ;  also  a  handle  by  which  anything  is 
turned. 

Window.  An  aperture  in  a  wall  for  the  transmission  of  light  to  an  apartment.  See 
Book  III.  Chap.  I.  Sect.  20. 

Wine  Cellar.  The  apartment  on  the  basement  story,  under  ground,  for  stowing  wine. 
The  most  important  point  in  its  construction  is  its  being  kept  at  a  cool  equal  temper- 
ature.    See  Bin  MS. 

Wire.  A  small  flexible  bar  of  metal,  elongated  by  means  of  a  machine  called  a  draw- 
bench. 

With.    (Sax.)    The  partition  between  two  chimney  flues.    See  Chimney. 

Wood.  (Sax.)  A  fibrous  material  much  used  in  building,  and  formed  into  shape  by  edge 
tools.     The  different  sorts  in  use  form  the  subject  of  Sect.  4.  Chap.  II.  Book  II. 

Wood  Bricks.  Blocks  of  wood  cut  to  the  form  and  size  of  'bricks,  inserted  in  the  interior 
walls  as  holds  for  the  joinery. 

Working  Drawings.    See  Book  II.  Chap.  IV.  Sect.  4. 

Wotton,  Sir  Henbt.     See  AacHrrscrs,  list  of,  251. 

Wreathed  Columns.  Those  which  are  twisted  in  the  form  of  a  screw,  also  very  appro- 
priately called  contorted  columns. 

Wren.    See  Architects,  list  of,  264. 

X. 

Xbnodocbidm.  (Gr.  UtvoSf  a  guest,  and  Acxo/uu,  to  receive.)  A  name  given  by  the  ancients 

to  a  building  for  the  reception  of  strangers. 
Xtstcs.    (Gr.)    In  ancient  architecture,  a  spacious  portico,  wherein  the  athletie  exercised 

themselves  during  winter.     The  Romans  called,  on  the  contrary,  their  hypathral  walks 

xysti,  which  walks  were  by  the  Greeks  called  wtpifyo/uHtf. 

Y. 
Yard.    A  well  known  measure  of  three  feet. 

Z. 

Zax.    An  instrument  used  for  cutting  slates. 

Zigzag  Moulding.    An  ornament  used  in  Gothic  architecture.    See  p.  174. 
Zinc.    A  metal  now  much  used  in  building.     Sec  Book  II.  Chap.  II.  Sect.  7. 
Zocco.    (It)     The  same  as  Socle,  which  see. 
ZoPHORUS.    The  same  as  Fribzb,  which  see. 

ZoTHECA.  A  small  room  or  alcove,  which  might  be  added  to,  or  separated  from,  the  room 
to  which  it  adjoined. 
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Ajuttoirs,  2932,  et  teq.  Ought  to  be  esta- 
blished in  large  towns,  2932.  Erected 
first  at  Paris,  2933,  2934.  Those  of 
Menilmontant  and  Montmartre,  2934. 
That  of  Menilmontant  described,  2935, 
2936. 

Abbreviation,  method  of,  in  composition, 
2857. 

Aberdeen,  Ix)rd,  his  opinion  on  the  pointed 
arch,  300. 

Aberystwith  Castle,  402. 

Ahury,  circles  of  stones,  16,  17.  40. 

Act  for  better  regulation  of  buildings  in 
London,  called  **  Building  Act,**  Ap- 
pendix, page  819,^  seq. 

Act  for  regulating  chimney  sweepers  and 
chimneys,  Appendix,  page  853,  eteeq, 

Adam,  architect,  temp.  George  III.,  518. 

Adam,  Robert,  an  architect,  temp.  George 
III.,  517.     His  work,  ib. 

Adams,  Bernard,  an  architect,  temp,  Klixa- 
beth,  442. 

Adams,  Robert,  an  architect,  temp,  Eliza- 
beth, 440. 

Adelphi,  in  the  Strand,  by  Adam,  517. 

Adi,  temple  of,  at  Ellora,  26. 

Admiralty,  designed  by  Ripley,  507. 

Admiralty,  in  London,  2886.  In  Paris, 
2887. 

Adrian  I.,  Fope^  arts  under,  281. 

Adze,  a  carpenter's  tool,  2003. 

^Esthetics,  in  architecture,  2493. 

A^opcu,  or  Fora,  of  the  Greeks,  1 73. 

Agricola,  architecture  under,  in  Britain, 
381. 

Agrigentum,  temples  of  Peace  and  Concord, 
148. 

Air  drains,  what,  and  use  of,  1886. 

Air  vessel  in  pumps,  2223. 

Aix-la-ChapeUe,  cathedral  and  palace  of, 
283. 

Alie  of  a  Roman  house,  249.  253. 

Alatrium,  Cyclopean  remains  at,  32. 

Alberti,  Leo  Bat.,  324.  Account  of  his 
book,  be  ReJEdifieatoria^  325.  His  works, 
ib.     • 

Alcala,  church  and  college  of  the  Jesuits  at, 
371. 

Alcala,  college  and  church  of,  367. 

Alcala,  palace  oU  368. 

Alcantara  in  Spain,  bridge  at,  193. 

Alcazars  of  Segovia  and  Seville,  128. 


Alcinous,  house  of,  illustrative  of  Greek 
architecture,  138.  Described,  generally, 
ib. 

Aldrich,  dean  of  Christchurch,  his  works 
and  skill  as  an  architect,  490. 

Alfred,  king,  his  care  of  buildings  of  his 
time,  386. 

Alhambra,  ornamental  detail  o^  125.  When 
founded,  127.     Description  of,  127. 

All  Saints*,  York,  parochial  church  o^  421. 

All  Souls*  College,  Oxford,  some  part  by 
Hawksmoor,  499. 

Amberley  Castle,  built  by  Rede,  bishop  of 
Chichester,  413. 

Ambresbury  House,  Wilts,  by  Webb  on 
Jones's  designs,  465. 

Amiens,  cath^ral  at,  3 1 0.  3 1 4, 3 1 5.  Com- 
parison oC  with  Salisbury  Cathedral,  315. 

Anunanati,  Bartol.,  his  works,  331.  His 
work  La  Citid,  ib. 

Amphitheatre  at  Capua,  193. 

Amphitheatres  described.  Those  of  Alba, 
at  Otricoli,  on  the  banks  of  the  Gari- 
gliano,  Puzzuoli,  Capua,  Verona,  Pola, 
Aries,  Saintes,  Autun,  Nismes,  and  Nice, 
228.  Coliseum  described,  with  plan,  sec- 
tion, and  elevation,  192.  228,  229.  First 
used  by  the  Etruscans,  232.  That  at 
Nismes,  dimensions  of,  233. 

AmpthiU,  Beds.,  423.  426. 

Ampthill,  drawings  relating  to,  440. 

Amsterdam,  exchange  at,  2939. 

Amsterdam,  town  hall  at,  2897. 

Anastasius  II.,  architecture  under,  271. 

Angle  of  vision,  in  perspective,  how  to  se- 
lect, 2444,  et  seq. 

Angle  ribs  for  square  domes,  2064. 

Angle  tie,  what,  2009. 

Anglo-Saxon  architecture,  383,  et  $eq. 
Characteristics  of,  390. 

Anglo-Saxon  buildings  enumerated,  389. 

Anglo-Saxon  colunms,  390.  Arches,  ib. 
Capitals,  ib.  Windows,  ib.  Walls,  i*. 
Cielings  and  roofs,  ib.  Ornaments,  i6. 
and  397.      Plans,  ib.     Towers,  ib. 

Anglo-Saxon  style,  three  a&ras  of,  391. 

Annex,  of  Friburg,  an  early  German  archi- 
tect, 365. 

Annuities.     See  Compound  Interest. 

Annuities,  tables  relating  tOy  Appendix,  p. 
879,  et  seq. 

Annulet,  2532. 

Annunziata,  choir  of  church  of,  at  Florence, 
325. 
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Anson,  Lord,  houae  for,  in  St  James's 
Square,  by  Stuart,  516. 

Ant«,  2671. 

Antefixae,  in  a  Roman  house,  247. 

Antoine,  architect  of  the  Mint  at  Paris, 
360. 

Antonine  column,  2603. 

Antoninus  and  Faustina,  Corinthian  temple 
of,  at  Rome,  211. 

Antwerp,  town  hall  at,  3897. 

Apodyterium  of  the  Ronum  baths,  235. 

Apollo  Dindymaeus,  Ionic  temple  ot,  near 
Miletus,  153. 

Apollo  Epicurius,  temple  of,  in  Arcadia, 
150. 

Apotheca  of  a  Roman  house,  253. 

Apron-piece  in  stairs,  2026. 

Aqueducts,  earliest,  of  Rome,  223.  That 
of  Appius  Claudius  and  Aqua  Appia, 
ib.  That  of  Qiuntus  Martins,  Aqua 
Julia,  Aqua  Tepula,  Virginia,  Aqua 
Claudia,  ib.  Cubic  feet  of  water  sup- 
plied  to  Rome,  t6.  That  at  Metx,  t6. 
Caslelk  in,  225.  Venter  in,  t6.  In- 
jured, 238. 

Aqueducts  of  the  Greeks,  174. 

Arabian  architecture,  its  appearance  after 
the  seventh  century,  118.  Decline  of, 
128. 

Arabian  domestic  architecture  exemplified 
in  a  house  at  Algiers,  130. 

Arsostyle  Intercommniation,  2605.  2608, 
2609.  2613. 

Arai\jues,  royal  pleasure  house  of,  at,  371. 

Arc,  complement  of,  1037.  Supplement  of, 
1038.  Sine  of,  1039.  Versed  sine  of, 
1040.  Tangent  of,  1041.  Cosine  of, 
1042.  Cota^;^  of,  1043.  Cosecant  of, 
1044. 

Arcades  and  arches,  2617,  et  ieq. 

Arcades.  Theory  of  equality  between 
weights  and  supports,  2618,  2619.  9626, 
Tuscan,  2621,  2622.  Doric,  ib,  2623. 
Ionic,  ib,  2624.  Corinthian,  ib.  2625. 
Generally  in  respect  of  the  theory,  2622. 
Chambers*  law  for  regulating,  2626. 
Ratios  between  the  solid  and  void  parts, 
2627.  Tuscan,  with  pedestals,  2626. 
Doric,  with  pedestals,  2629.  Ionic,  with 
pedestals,  2630.  Corinthian,  with  pedes- 
tals, 2631.  Imposts  and  archirolts  of, 
2632.  Vignola's  rules  in,  2633.  Pal- 
ladio*s  rules  in,  2634.  Cblumns  used  in, 
2635.  Scamoxsi's  rules  in,  ib.  Their 
internal  decorations,  ib.  At  Maarimi 
palace,  ib.  I^te  Mews  at  Charing  Cross, 
ib.  By  Serlio,  2636.  At  Caprarola,  2637. 
At  the  Belvedere  garden,  Rome,  2638. 
By  Palladio,  2639.  By  Vignola,  for 
Borghese  frmily,  at  Mondragone,  2640. 
At  Basilica,  Vicenza,  2641. 

Arcades  above  Arcades,  2658,  et  teq.  Best 
mode  of  disposing  according  to  Cham- 
bers, 2654,  et  seq.  According  to  Scamoszi, 

2655.  In  the  Cariti  at  Venice,  i6.  and 

2656.  In  Pakzso  Thiene,  ib,     Ba]u». 
trades  of,  2657.      Doric  above  Tuscan, 


2658,  2659.  Ionic  above  Doric,  2660, 
2661.  Corinthian  above  Ionic,  2662. 
Of  the  Basilica  at  Vicenza,  2663.  Con- 
fined  by  the  ancients  to  theatres  and 
amphitheatres,  2664. 

Arcadius,  architecture  under,  271 . 

Arch,  elliptical,  to  draw  and  find  the  joluta, 
1934 — 1937. 

Arch,  flat,  in  masonry,  to  draw  the  joints 
without  the  centre,  1 932. 

Arch  flat,  to  draw  and  find  the  joints,  1 932. 

Arch,  introduction  ot,  effected  great  change 
in  the  art,  266. 

Arch,  no  trace  of,  in  the  ruins  of  Babylon, 
45.     In  Egypt,  at  Saocara,  75. 

Arch  of  Claudius  Drusus,  niches  at,  2776. 

Arch  of  Constantine,  262.  2547. 

Arch  of  the  Goldsmiths  at  Rome,  195. 

Arch  of  Janus,  niches  at,  2775. 

Arch  of  Sevenis  at  Rome,  264. 

Arch  of  Titus,  2547.   Of  Septimus  Severvs. 
ib. 

Arch  of  Titus  at  Rome,  264. 

Arch  rampant,  pointed,  to  draw  and  find 
the  joints,  1 943. 

Arch  unknown   in   Grecian    architecture, 
140. 

Archer,  pupil  of  Vanbrugh,  498. 

Arches,  Arabian,  species  most  enaployed, 
129.     At  Bussorah,  131. 

Arches,  equilibrium  o^  history,  1353 — 
1 363.  Observations  on  firietion,  and  me- 
thods of  estimating,  1364—1389.  Ob- 
servations  on  the  way  in  which  axth 
stones  support  each  other,  1390 — 1397. 
Geometriod  application  of  foregoing, 
1398,  1399.  Experiments  on  sar- 
mounted  arches,  1400.  Application  of 
the  principles  to  the  pointed  arch,  1 40I . 
The  same  to  a  surmounted  eatenarean 
arch,  1402 — 1406.  Application  of  the 
principles  to  surbased  arches,  1407. 
Thrusts  of  arches:  cassinoid,  eydcnd, 
and  ellipsis,  1 408 — 1412.  Raking  arches, 
1413 — 1416.  Arch  with  alevd  extra- 
doa,  1 41 7—1 421 .  Different  application 
of  principles  in  the  last  case,  1422.  1431. 
Arches  whose  voussoira  increase  towards 
the  sprin^^g,  1432 — 1441.  Mode  in 
which  an  arch  fiuls,  1442.  Compound 
vaulting,  1 443.  Groined  vaulting,  1 444 
— 1458.  Application  of  principles  of 
groined  vaulting,  1459 — ^1463.  Model 
of  a  coved  vault,  principles  applied  to, 
1464 — 1477.  I^herical  vaulting,  prin- 
ciples applied  to,  1478 — 1493.  Adhesive 
power  of  mortar  and  plaster  upon  stones 
and  bricks,  1494 — 1499. 

Arches,  inverted,  in  foundations,  1885. 

Arches,  to  make  working  drawings  for,  and 
describe  moulds  of  voussoirs,  1959 — 1966. 
Elliptical,  cutting  through  a  wall  ob- 
liquely to  bevels  and  moulds  ot,  1 967 — 
1 970.  In  sloping  walls,  to  make  workins 
drawings  for,  1971,  1972.  An  abridged 
method  of  doing  the  last,  1973,  1974. 
Oblique,  whereof  the  front  slopes  and 
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rear  are  perpendicular  to  the  axis,  1 976 
— 1 979.  Semieircular-headed,  in  a  mass 
of  masonry  battering  on  an  oblique 
plane,  1980 — 1983.  On  the  quoin  of  a 
sloping  wall  to  find  the  moulds,  ]984 
— 1987.  In  round  towers  or  circular 
walls,  1988 — 1990.  Oblique  in  a  round 
sloping  tower  intersecting  a  semicircular 
arch  within  it,  1991^1994. 

Architects  of  France,  attached  to  Venetian 
in  preference  to  Roman  school,  358. 

Architectural  design,  maxims  in,  2502. 
Bounding  lines  of  buildings  not  sources 
of  beauty  considered  geometrically,  2503. 

Architecture,  as  a  fine  art,  dependent  on 
expression,  2492.  Its  end,  ib.  Genius 
in,  what,  ih.  Taste  in,  what,  ib.  JEsthe- 
tics  in,  2493.  Considered  in  respect  of 
rules  of  art,  2494.  Fitness  in  the  basis 
of  proportion,  2496 — ^2499.  Fitness  de- 
pendent on  equilibrium,  2500.  Stability, 
source  of  fitness  in,  ib.  Maxims  relating 
to  fitness,  2502.  Bounding  lines  of 
buildings,  2503.  Interiors  of  buildings, 
beauty  of,  2504.  Types  in,  2507.  Styles 
in,  all  dependent  on  fitness,  2^08.  Unity 
and  harmony  in,  2509.  Symmetry  in,  ib. 
Colour  in,  2511.  Polychromatic,  2512. 
Decoration  o^  2513^2522. 

Architecture  of  England  from  James  I.  to 
Anne,  45 1>  etteq.  Its  character,  451. 
Deficient  in  picturesque  beauty,  451* 

Architecture  of  England  said  by  Walpole 
to  have  resumed  her  rights  under  George 
II.,  506. 

Architecture  of  England  under  George  I., 
4 99>  ef  $eq.  Under  George  II.,  506,  et  teq. 
Under  George  III.,  514,  eiteq. 

Architecture  of  the  Greeks  in  its  decline, 
177. 

Architecture  of  Mexico,  109,  ei  seq. 

Architecture  not  a  fine  art  until  founded  on 
rules  of  proportion,  1 . 

Architecture  not  confined  to  a  single  type,  1 . 

Architecture,  pointed.  See  "  Pointed  Ar- 
chitecture." 

Architrave,  to  form,  in  joinery,  2196. 

Archivolts  of  arcades,  2632. 

Area  given,  method  of  endoaing  in  any 
regular  polygon,  1518 — 1524. 

Arena  of  an  amphitheatre,  228.  230,  231. 

Arena  of  the  Roman  Circus,  240. 

Argentino  theatre  at  Rome,  2958. 

Argos,  gate  and  chief  tower  of,  Cyclopean, 

29. 
Arithmetic  and  algebra,  introduction,  522, 
523.  Signs  +  and  —,524 — 526.  Mul- 
tiplication of  simple  quantities,  527-— 
531.  Whole  numbers  m  respect  to  their 
fiictors,  532,  533.  Division  of  simple 
quantities,  534 — 539.  The  properties 
of  integers  as  respects  their  divisors,  540 
— 548.  Fractions,  549 — 554.  Properties 
of  fractions,  555 — 557.  Addition  and 
subtraction  of  fractions,  558 — 560.  Mul- 
tiplication and  division  of  fractions,  561 
— 574.      Square    numbers,    575— -582. 


Square  roots  and  the  irrational  numbers 
that  result  from  them,  583 — 592.  Im- 
possible or  imaginary  quantities,  593 — 
600.  Cube  roots,  and  the  irrational 
numbers  that  result  from  them,  601 — 
605.  Of  powers  in  general,  606—610. 
Calculation  of  powers,  611 — 616.  Roots 
relatively  to  powers  in  general,  617 — 
620.  The  representation  of  powers  by 
fractional  exponents,  620 — 625.  Me- 
thods of  calculation,  and  their  mutual 
connection,  626 — 631.  Logarithms,  632 
— 6.S8.  Logarithmic  tables  now  used, 
639 — 640.  Method  of  expresung  loga- 
rithms, 641 — 654.  The  subtraction  of 
compound  quantities,  655 — 658.  The 
multiplication  of  compound  quantities, 
659--661.  The  division  of  compound 
quantities,  662 — 666.  The  resolution  of 
fractions  into  infinite  series*  667 — 679. 
The  squares  of  compound  quantities, 
680 — 687.  Extraction  of  roots  of  com- 
pound quantities,  688 — 692.  Calcu- 
lation of  irrational  quantities,  693 — 698. 
Of  cubes,  and  the  extraction  of  their 
roots,  699 — ^701 .  The  higher  powers  of 
compound  quantities,  702 — ^706.  On 
the  transposition  of  letters,  whereon  the 
last  rule  rests,  707 — 711.  The  expres- 
sion of  irrational  powers  by  infinite 
series,  7 1 2 — 7 1 8.  Resolution  of  negative 
powers,  719 — 726.  Arithmetical  -  ratio, 
727 — 731.  Arithmetical  propor^n,  732 
—734.  Arithmetical  progression,  735 
-—742.  Summation  of  arithmetical  pro- 
gressions, 743—748.  Geometrical  ratio, 
749 — 751.  Greatest  common  divisor, 
752 — 753.  Geometrical  proportion,  754 
— 762.  Compound  relations,  763 — ^773. 
Geometrical  progression,  774 — ^782.  In- 
finite decimal  firactions,  783 — 796.  Cal- 
culation of  interest,  797 — 810.  Solu- 
tion of  problems,  811  — 81 5.  Resolution 
of  simple  equations,  or  of  the  first  de- 
gree, 816 — 824.  Resolution  of  two  or 
more  equations  of  the  first  degree,  825 
— 832.  Resolution  of  pure  quadratic 
equations,  833 — 841.  Resolution  of 
mixed  equations  of  the  second  degree, 
842 — 848.  Resolution  of  complete  equa- 
tions of  the  third  degree,  849 — 860. 
Decimals,  861 — 867.  Duodecimals,  868 
— 872.  Table  of  squares,  cubes,  and 
roots  of  numbers  up  to  1000. 

Arithmetical  progression,  735 — 742.  Sum- 
mation of,  743 — 748. 

Arithmetical  proportion,  732 — 734.     Pro- 
gression, 735 — 742. 

Arithmetical  ratio,  727 — 731. 

Aimarium  of  a  Ronum  house,  253. 

Arriaga,  Luigi,  a  Spanish  architect,  368. 

Arris  of  a  piece  of  stuff,  21 25. 

Arroyo   Guiseppe,  an  architect  of  Spain, 
368. 

Arts    in  England  have  never  thoroughly 
taken  root,   437.     Flourished  while  in 
the  hands  of  the  clergy,  ib. 
8  Y 
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Arundel  GmUc,  S94.  398.  ) 

A^pll,  Sir  Charlo,  tUU  for,  at  BiAmood, 

by  Taylor,  515. 
AflbbrftoiMwaU%1918.     Faciiig,  1919— 

19S4. 
Asinelli  tower,  at  Bologiw,  350a 
Aspbalte,  1876—1880. 
AmiM,  chureh  of  81.  Fkaooeaeo  aft,  SI  8. 
AMumptioii,  chureh    ci,  at  Moieow,  de- 

icribed,  375. 
Aitragal,  bead,  or  bacuette,  S5S9. 
Athenians,  their  early  mipcriority  in  the 

art*,  1 36. 
Athena,  early  buUdinga  at,  of  earth  and 

clay,  136. 
Atkimon't  cement,  1868, 1864. 
Atlantea,  9689. 
Atreua,  treasury  oC  at  Myoene,  description 

ait  35. 
Atrium  of  a  .Ronaan  houae,  24B,    Dilierent 

species  d,  kc^  847.  In  houae  at  Pompeii, 

853. 
Atrium,  why  so  ealled  in  Roman  houses, 

181. 
Attelborough,  parochial  church    oC  408. 

491. 
Attics  and  basements,  9665,  «t  mq. 
Attics,  examples  of,  8668. 
Attributes,  in  decoration,  8519,  3580. 
Audley  End,  designs  by  lliorpe,  44a 
Audley   Inn,   in    Essex,    448.   445.   451, 

458. 
Augustins,  royal  convent  ci^  at   Sfadrid, 

371. 
Augustus,  portioo  c^  at  Athens,  151. 
Avington,  chureh  o(^  389. 
Axe,  a  carpenter's  tool,  8003. 
Ayot,  St.  Lawrence,  church  at,  by  Stuart, 

516.- 
Astec  arehiteeture,  llOi  116. 

B. 

Baalbec,  extraordinary  structures  at,  196. 
First  described  by  Maundrell,  ib, 

Baalbec,  niches  at,  8775. 

Babylon,  ruins  of,  described,  according  to 
Rich,  38 — 41.  Citadel  dt,  48.  Tunnel 
under  the  Euphrates,  43.  Dimension, 
rather  than  art,  its  character,  44. 

Bacchus,  Ionic  temple  ci,  at  Teos»  153. 

Back  flaps  of  shutters,  8147. 

Back  linings  of  sash-frame^  8147. 

Back  ofa  slate,  8811. 

Badi^os,  Giovanni  di,  a  Portuguese  archi- 
tect, 367. 

Bagdad,  foundations  o^  Uid  by  Almansor, 
119. 

Bagdad,  its  walls,  131. 

Bagnall,  Sir  John,  house  for,  designed  by 
lliorpe,  440. 

Baguette,  8533. 

Balleso,  Giovanni,  a  SpanLih  architect, 
367. 

Ballium  of  a  castle,  what,  394. 

Balusters,  8695,  et  aeq.  Not  used  by  an- 
cients,  8696.      Their   measures,   9697. 


ForTi 

tiom,  8699.  870S.     F< 

orders,  8700i    For  OorinthisM 

posite  orders,    8701. 

8703.     Dooble-bellaed  Ibr 

3704.     Doyhle  bellied  flsr 

8705.      Double  bellied    Ibr 

order,  8706. 

Bulbs  or  bellies  oC  8711. 


Balustrades  and  Balusters,  8695,  ee 
Rules  ibr  aetting  out,  9697. 
oC  8698.  At  Chiericato 
At  Porta  pabce,  O.  At  Valmarana 
p^ace.  tfr.  ScraU  and  Guilochek 
8707.  Intervale  in.  8706.  Pedeatdb  oC 
8706,  8709.  Applifd  to  staircases,  27  la 
Statues  used  on,  8718.  Vaeea  used  on, 
8713.     See  alao  *•  Bahiatcra." 

Balustrades  of  arende,  8657. 

Bamborough  Castle,  394. 396.1 

Bank  of  England,  parts  o(  wdl  planneri, 
8885. 

Banker,  bricklayer's,  189a 

Banqueting  House,  window  at,  8768. 

Baptistery  at  Florence,  doora  <<  87S5L 

Barfoacan  of  a  eastle,  what,  394. 

Barfreston,  church  o(  389.  391. 

Bar  iron,  weight  of  a  loot  in  lei«th»  8S54. 

Barracks,  2988. 

Bars  with  latchets,  2363. 

Bartholomew's  Hospital,  by  Gibba,  503^ 

Basements  and  attics,  9665,  <<  ssy. 
rally     decorated    with     rustiix. 
Courses  d,  bow  disposed,  8667.     Rock- 
work  in,  867a 

Bases  of  columna,  oricin  oC  135. 

Bases  of  colunms,  mode  of  gluing  up,  8808. 

Basilica  of  Antoninus,  8547. 

Basilica,  ancient,  of  Rome,  873 — ^875. 
Plan  and  interior  view  of  St.  Paolo  loaH 
le  MuriL,  A. 

Basing  House,  date  and  founder,  446. 

Bastard  stucco*  8836—8843. 

Bastileat  P^ms,311. 

Bat,  defined,  1896. 

Batalha,  church  o^  321 .     Described,  O. 

Bath,  city,  many  buildings  there  by  Wood, 
513. 

Bath,  conventual  church  ui,  founders  and 
dimennons,  434. 

Baths,  number  ai,  at  Rome ;  tboae  of  Cara- 
calla  described,  834,  835.  Of  Titua, 
IKocletian,  Agrippa,  Nero,  and  Domi- 
tian,  t6.  Highly  decorated  with  paint- 
ing and  sculpture,  837.  Those  of  Agrippa, 
»ft.  N<Hie  erected  after  the  removal  of 
the  empire,  238.  Of  lltus,  paintii^p  in, 
839. 

Baths  of  Caracalla,  described,  and  plan  o^ 
841.     Alluded  to»  888. 

Baths  of  Diocletian,  864.  2547. 

Baths  of  Nero,  dimensions  o^  84a 

Battening  of  wells,  how  meanired,  8338. 

Battista,  Giovanni,  an  architect  of  Toledo^ 
37a 

Bay  window,  what,  427. 
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Bead  or  Baguette,  2532. 

Bead  and  Butt,  what,  3131. 

Bead  and  double  quirk,  SI  2  7. 

Bead  and  flush,  what,  2131. 

BeauUeu,  palace  at,  426. 

Beaumaris  Castle,  402. 

Beaupr^  Castle,  Gloucestershire,  452. 

Beauty  in  architecture,  partly  from  suitable 

forms,  2495. 
Beauty  In  architecture,  sources  o^  2492, 

et  seq. 
Bee,  in  Normandy,  abbey  at,  310. 
Bed  of  a  slate,  2211. 
Bedding  stone,  1 890. 
Bedford  Castle,  394. 
Beeston  Castle,  Cheshire,  391.  398. 
Bellhanger's  work,  in  specifications,  2292. 
Bell  metal,  1791. 
Bells,  introduced,  390. 
Belus,  tower  o^  described,  38.  41. 
Belvedere  Garden,  arcade  at,  2638. 
Belvedere  House,  Kent,  for  Lord  Eardley, 

by  Stuart,  516. 
Bench,  joiner's,  and  parts  of,  2102. 
Bench  pUnes,  2108. 

Beni-hassan,  tomb  at,  exhibits  Doric  co- 
lumn, 133. 
Berkeley  Castle,  394.  398.  414. 
Berlin,  Brandenburg,  gate  at,  366. 
Bernardo  Buontalenti,  windows  by,  2759. 
Bernini,  347.     His  style  considered,  348. 

Made  designs  for  the  Louvre,  t6. 
Bernini,  left  design  for  &9ades  of  Louvre, 

and  his  disgust  with  workmen  at  Paris, 

359. 
Berruguette,  a   Spanish  architect  of  the 

sixteenth  century,  368. 
Bethel  and  Bothel  mentioned,  13.     That 

set  up  by  Jacob,  ib.    Object  of  idolatrous 

worship  where  the  Canaanites  appeared, 

tft. 
Bevel,  bricklayer's,  1890. 
Beverley  Minster,   conventual   church   of, 

407.  421.     West  front  restored  to  per- 
pendicularity, 449. 
Biban  el  Melook,  subterranean  chambers 

ofi  63. 
Bibbiena,  his  theatres,  2950. 
Bibliotheca  of  a  Roman  house,  252. 
Biblioth^ue  du  Roi,  Paris,  2911. 
Billet  ornament,  397. 
Binding  joists,  2019^-2022. 
Birs  Nemroud,  near  Babvlon,  as  described 

by  Rich,  40.     The  rums  spokoi  of  by 

Pdre  Emanuel,  40,  41. 
Biseop,  Benedict,  founder  of  the  abbey  of 

Weremouth,  385,  386. 
Blackfriars'  Bridge,  by  Mylne,  521. 
Blenheim  House,  account  of,  with  plan  and 

elevation,  493. 
Blondel  employed  in  Germany,  366. 
Boarding  of  rools,  how  measured,  2342. 
Boarding,  value  of  labour  of,  2368. 
Boards,  cutting  of,  for  covering   domes, 

groins,  &c.,  2068—2078. 
B<MSter,  mason's,  1910. 
Boffirand  employed  in  Germany,  366. 


Boisserie,  418.  428. 

Bolection  mouldings,  2129.  2145. 

Bologna,  theatre  at,  2950. 

Bolsover  House,  Derby,  452. 

Bolsover,  additional  buildings  by  Marsh, 
466. 

Bolton,  conventual  church  at,  398. 

Bolts,  different  sorts,  2259. 

Bolts,  in  carpentry,  2012. 

Bond,  ice.,  value  of  labour  o^  2350. 

Bond  in  bricklaying,  1891.  English  bond, 
1892.  1894.  1896.  Flemish  bond,  1897. 
Comparison  of  English  with  Flemish 
bond,  1898. 

Bond  of  a  shite,  2211. 

Bond  stones,  1921. 

Bond  timber,  how  used  in  walls,  1899. 

Boorde,  Andrew,  his  "Dietorie"  quoted, 
and  directions  for  building  a  numsion, 
427. 

Borde,  Andrew,  438. 

Borromini,  336.  339.  342.  His  style  con- 
sidered, 347. 

Bosse,  tiler's,  1 908. 

Boston,  Lincolnshire,  parochial  church  of, 
408.  421. 

Bott,  a  German  architect,  365. 

Bottom  panels  of  a  door,  2130. 

Bottom  rails  of  a  door,  2130. 

Boumau,  a  German  architect,  366. 

Bourdeaux  theatre,  2958. 

Bourdeaux,  theatre  at,  2951. 

Bow  Church,  Cheapside,  description  of, 
484. 

Bower,  my  Lady's,  or  parlour,  its  situation, 
415. 

Boxings  for  shutters,  2146,  2147. 

Boyd,  Sir  John,  house  for,  at  Shooter's 
Hill,  by  Taylor,  515. 

Bracciano  palace,  window  at,  2768. 

Braces  in  carpentry,  2010. 

Bracket  staircase  described,  and  mode  of 
forming,  2183. 

Bracketing,  value  of  labour  of,  2350. 

Brackets  and  bracketing  for  cornices,  to 
make  similar  to  one  given,  2080.  Angle 
to  support  plastering,  2081,  2082.  For 
coves,  2063.  Angle  brackets  for  coves, 
2084,  2085,  2086.  In  external  and  in- 
temal  angles,  2087.  For  moulded  cor- 
nices, 2088. 

Brackets,  shelf,  2263. 

Brad-awl,  2110. 

Bradding  hammer,  glazier's,  2226. 

Bradshaw,  Lawrence,  an  architect,  temp. 
Elizabeth,  442. 

Bramante,  some  account  of,  and  his  works, 
335.  371. 

Bramshill  House,  Hants,  452. 

Brass,  1790.  Specific  gravity  of,  f&.  Weight 
of,  ib. 

Brass  points,  glazier's,  2226. 

Brick  axe,  1890. 

Brick  came  much  into  use  in  England,  416. 

Brick  clamps,  1816. 

Bricklayer,  how  many  bricks  he  can  lay  in 
a  given  time,  1 901 . 
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Bricklayer*!  tools,  1890. 

Bricklayer's  work  in  speoiflcattons,  2282. 

Bricklayingandtiling,  1889— 1908.  Brick- 
laying defined,  1 889.     See  "  Bond.** 

Bricknogged  partitions,  SK)21. 

Bricknogging  defined,   1902. 

Bricknogging,  bow  measured,  2319. 

Brick  paving,  2900. 

Bricks,  1 81 1 — 1 833.  Description  of,  and  an- 
tiquity, 1811.  Speoies  used,  according 
to  VitruTius,  hy  the  ancients,  1812. 
Improper  bricks  used  by  the  modems, 
18 IS.  Manu&cture  of  bricks,  1815. 
Clamps,  what,  1816.  Kilns  for  burn- 
ing, 1817.  Species  of  bricks,  1820— 
1890.  Marl  stocks,  1R21.  Stocky  1822. 
Place  bricks,  1 823.  Burrs  and  clinkers, 
1824.  Fire-bricks,  1826.  Windsor 
bricks,  ib.  Welsh  lumps,  ib.  Paving, 
1827.  Compass,  1828.  Cbncave  or 
hollow,  1829.  Dutch  clinkers  and 
Flemish  bricks,  1890.  Sixe  at^  regulated 
by  statute,  1831.  Should  be  well  satu- 
rated before  lajring  in  summer,  1832. 
Weight  of,  1893. 

Bricks  employed  in  Egyptian  architecture, 
72. 

Bricks  necessary  for  a  given  quantity  of 
work,  table  ol  2317. 

Brickwork,  crushing  weight  of  a  cubic 
foot,  1833. 

Brickwork,  table  of,  showing  number  of 
reduced  feet  in  quantities  of  different 
thicknesses,  2318. 

Bridewell  and  BUckfiriars'  Palace,  426. 

Bridge,  architecture  oC  41 9. 

Bridge  at  Croyland,  Lincolnshire^  419. 

Bridge  della  Santissima  Trinity  331. 

Bridges,  221,  222.  Earliest  in  Rome,  222. 
That  at  Nami,  ib.  That  of  Tnyan  over 
the  Danube,  ib.  That  over  the  Tagus  at 
Alcantara,  ib. 

Bridges,  2865,  et  »eq.  Decorations  of, 
2865.  Should  be  at  right  angles  to  the 
stream,  2866.  Best  forms  of  arches, 
2867.  At  Pavia  over  the  Tesino,  2868. 
Position  of,  2869.  Piers  and  centres  oH, 
ib.  Coffer  dams,  ib.  Caissons  for 
piers,  ib. 

Bridges,  building  of,  considered  an  act  of 
piety,  31  a 

BridgM  of  China,  108. 

Bridges  of  timber,  2095,  et  ttq.  Over  the 
Brenta  by  Palladio,  2096.  By  the  same 
architect  over  the  Cismone,  2096.  Other 
bridge  by,  2097.  Method  oC  by  Price, 
2098,  2099. 

Bridging  joists,  201 9. 

Brinkboum,  conventual  church  ot,  407. 

Brinkbourn,  in  Northumberland,  conventual 
church  at,  398. 

Bristol  Cathedral,  398.  421.  Founders 
and  dimensions  of,  434. 

Britain,  architecture  o^  379,  et  mo.  Under 
Claudius,  381.     Under  Agricola,  ib, 

Britain  in  the  time  of  Constantius  abounded 
with  good  artificers,  381. 


Britain,  Roman  works  in,  ruins  of^  388. 

British  Museum,  2918. 

British  Museum,  formerly  M<Mitague 
House,  466. 

Britons  became  ignorant  of  architeeture 
before  final  departure  of  Romans,  381, 
382. 

Britons,  early  houses  and  architecture  o^ 
379,  380. 

Britons,  how  lodged  under  the  Nomoansb 
393. 

Broaching  in  masonry,  1914. 

Broad  tool,  mason's,  191  a 

Brontseum  of  the  Greek  theatre,  172. 

Brunelleschi,  reviver  of  the  arts,  436. 

Brunelleschi,  short  account  of  his  life,  933. 
327. 

Brussels,  town  hall  at,  2896. 

Buckhurst  House,  in  Sussex,  440. 

Buckhurst  House,  date  and  founder,  446. 

Buckingham  House,  built  by  Winde  for 
Sheffield,  Duke  of  Buckingham,  465. 

Building  Act,  Appendix,  p.  81 9,  «  atq. 

Buildings,  covering  of,  as  to  comparative 
weights.     See  **  Covering  of  Buildings..** 

Buildmgs,  public  and  private,  general  ob- 
servations on,  2861,  et  ara.  Different 
parte  of;  2863,  2864.  Bridges,  2865, 
€t  Mq.     Churches,  2870,  et  aeq. 

BuUant,  Jean,  one  of  the  early  French 
architects,  357,  358. 

Buonarotti,  Michel  Angelo,  335.  Em- 
ployed on  St.  Peter's,  and  his  dianter- 
estcdness,  ib.    His  letter  to  Vasari,  A. 

Burgh  Castle,  in  Suffolk,  391. 

Burghley-on-the-Hill,  garden  front,  440. 

Burgos,  cathedral  at,  320. 

Burleigh  House,  by  Thorpe,  44a 

Burleigh  House,  date  and  founder,  446. 

Burlington,  Earl  of,  an  architect  of  great 
talent,  account  ot,  and  his  works,  509, 
5ia     His  liberality  to  Kent,  511. 

Burlington  House^  2995. 

Burlington  House  colonnade,  510. 

Burlington  House,  engaged  pilasters  con- 
demned, 2615. 

Burlington,  Lord,  464. 

Burroi^,  Sir  James,  able  amateur  archi* 
tect,490. 

Burrs,  1824. 

Buschetto,  architect  of  cathedral  at  Pisa* 
286.     His  epitaph,  ib. 

Bustamente,  Bartolomeo  di,  celebrated 
Spanish  architect,  370. 

Butting,  in  carpentry,  9009. 

Byland,  conventual  church  at,  398. 

Bysantine  architecture,  970,  et  $tq. 

Bysantine  architecture  continued  till  intro- 
duction of  pointed  style,  283. 


Caaba  of  Mecca,  description  o^  spared  by 

the  Wahabees  in  1803,  118. 
Cable  ornament,  397. 
Cablings,  9588. 
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Cadmians,  Jacob  Bryant^  thougbts  on,  37. 
1S6. 

Caen  Wood  House,  by  Adam,  517. 

Caer-Philly  Castle,  398.  View  of,  404.419. 

Caemanron  Castle,  and  riew  o^  40S,  403. 

Cairn,  or  Carn,  what,  and  its  etymology,  24. 

Cairo,  founded  by  Akbah,  120. 

Caissons,  in  cylindrical  vaulting,  how  to 
regulate,  2835,  2836.  In  hemispherical 
vaulting,  2837. 

Caldarium  of  the  Roman  baths,  235. 

Caldogno  villa,  cornice  ot,  2725. 

Camalodunum,  first  Ronuin  colony  in 
Britain,  381. 

Camber  slip,  bricklayer's,  1890. 

Campbell,  Colin,  architect,  temp,  George  T., 
and  his  works,  504. 

Campden,  Gloucestershire,  parochial  church 
of,  421. 

Campden  House,  Gloucestershire,  445. 
Description  o^  451. 

Campo  Vaccino,  columns  ofy  2547. 

Canirah,  excavations  in  Island  of  Sokette, 
near  Bombay,  57. 

Cancellaria  at  Rome,  doorway  at,  2739. 

Cannons,  Middlesex,  James,  employed  on, 
50.5. 

Canterbury  Castle,  394.  398. 

Canterbury  Cathedral,  396.  398.  421. 
Founders  and  dimensions  of,  434. 

Capitals  of  columns,  mode  of  gluing  up, 
2203,  2204. 

Capitals  of  columns,  origin  of,  135. 

Capitals  of  pilasters,  2677,  et  »eq.  Tuscan 
and  Doric,  2677.  Ionic,  2678.  Corin- 
thian and  Composite,  2679. 

Caprarola,  arcade  at,  2637.  Doorway  at, 
2737. 

Carceres  of  the  Roman  Circus,  240. 

Cardiff  Castle,  398. 

Carisbrook  Castle,  398. 

Carit^  convent  of,  at  Venice,  354. 

Carlisle  Cathedral,  406.  Founders  and 
dimensions  of,  434. 

Carlo,  Mademo,  employed  on  St.  Peter's, 
336.  338.  341. 

Camac  (Egypt),  temple  at,  81. 

Camac,  in  Britany,  remuns  of  Druidical 
monument,  14.  40. 

Carpenter's  and  joiner's  work  in  specifica- 
tions, 2285. 

Carpentry  and  joinery,  measurement  and 
value  of  labour  of,  23.30 — 2369. 

Carpentry  mechanical.  See  ''Mechanical 
Carpentry." 

Carpentry  practical,  what,  2003.  The  tools 
of  the  carpenter,  %b.  Antiquity  of,  2004. 
Among  die  modems,  2005.  Scarfing, 
2007.  Mortises  and  tenons,  2008, 2009. 
Method  of  framing  wall-plates  together  at 
angles,  2009.  Most  approved  method  of 
forming  hutments  for  struts  and  braces, 
2010.  Straps,  2011.  Bolts,  2012. 
Flooring  and  fioors,  201 3^2023.  Single 
flooring,  201 4.  Common  .joists  and  their 
scantlings,  2014,  2015.  Trimmers  and 
trimming  joists,  2017.     Double  floor. 


201 9.  Double-firamed  floor,  2020, 202 1 . 
Girders,  ib.  Mode  of  trussing  girders, 
2021.  Binding  joists,  2022.  Scantlings 
oi,  ib»  Cieling  joists  and  their  scantlings, 
ib.  Floors,  method  of  constructing, 
with  short  timbers,  2023.  Partitions, 
2024,  2025.  Carriage  of  stairs,  2026. 
Roofe,  slope  o^  2027 — 203a  Tie- 
beam,  2031 .  Collar  beam,  ib.  Sagging 
prevented,  A.  King  post,  ib.  Truss, 
what,  ib.  Struts,  what,  t6.  Framing 
principal  rafters,  2033.  Qneen  posts, 
2034.  Straining  piece,  ib.  Mansard 
roof,  2085.  Common  rafters,  ib. 
Purlin,  ib,  Pole  plate,  ib.  Ridge  piece, 
ib.  Hip  rafters,  ib.  Jack  rafters,  ib. 
Scantlings  of  timbers  for  roofe,  ih.  Mode 
of  framing  roois  of  different  spans,  2042 — 

2045.  Roof  of  St  Martin's-in-the- Fields, 

2046.  Of  chapel  at  Greenwich  Hospital, 

2047.  Of  old   Drury   Lane   Theatre, 

2048.  Dome  of  St  Paul's,  2049.  Of 
St.  Paolo  ftiori  le  Muri,  2051.  Delorme's 
mode  of  ftaming  domes,  2052.  Lines 
for  framing  rooi^  2053—2057.  Ribs  for 
groins,  2058 — 2077.  Bracketing,  2079 
— 2088.  Domes,  2089.  Pendentives, 
2090—2094.     Bridges,  2095—2099. 

Carpentry,  system  ot,  in  use  among  the 
Chinese,  102. 

Carr,  of  York,  an  architect,  temp,  George 
III.,  514.  Much  employed  in  northern 
counties,  t6. 

Cart,  Pietro,  a  German  architect,  365. 

Carter,  pupil  of  Inigo  Jones,  464. 

Cartmell,  in  Lancashire,  choir  at,  398. 

Carton,  pierre  enrichments,  2251. 

Caryatides,  account  of  their  origin  by  Vi- 
truvius,  165.  Used  in  other  than  the 
classic  styles  of  architecture,  166,  Pro- 
bable origin,  168,  169. 

Caryatides  and  Persians,  2682,  et  teq.  By 
Jean  Gougeon,  2683.  2693.  Those  de- 
signed for  Whitehall,  2685.  By  Michel 
Angdo,  2687,  2688.  2691.  By  Bifii  at 
Milan,  2689.  By  Quellinus,  from  Am- 
sterdam, 2690.  At  the  Louvre,  2693. 
From  the  arch  of  the  Goldsmiths  at  Rome, 
2694. 

Caryatides  used  at  an  early  period  of  the 
art,  85. 

Casement,  25.S2. 

Caserta,  palace  at,  described,  2877,  2878. 

Castel  St  Angelo  at  Rome,  256. 

Castella,  of  aqueducts,  what,  225. 

Castie  Abbey,  Northamptonshire,  452. 

CasUe  Howard,  in  Yorkshire,  by  Vanbrugh, 
494. 

Castie  Rising  Castie,  398. 

Castie  Rising,  Norfolk,  parochial  church  o^ 
398. 

Castles  encouraged  by  William  the  Con- 
queror, 393.  And  William  Ruftis,  ib. 
Description  of.  and  list,  394.  Gateway, 
important  part  of,  416. 

Casties  of  Braevento,  Penafiel,  and  Torde- 
sillas,  128. 
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Castles,  prinoipaU  in  the  time  of  the  Nor- 
mans, 394. 

Castletown  (Derbyshire)  Castle,  391. 

Castor  Castle,  in  Norfolk,  391. 

Cathedrals,  English,  synoptical  view  of 
their  leading  dimensions,  435. 

Cathedrals  having  parta  of  Norman  erec- 
tion, 396. 

Cathedrals,  principal,  of  France,  and  their 
dates,  317.  Of  Italy,  318.  Of  Spain, 
330.     Of  Portugal,  381. 

Catledge  House,  date  and  founder,  446. 

CavoBdium  of  a  Roman  house,  246. 

Caves  of  Ellora,  description  of  apartments 
at,  56,     Indra  Subba,  apartments  of,  ifr. 

Cavetto,  mouth,  or  hollow,  2538. 

Cavetto^  ornament  in  Norman  architecture, 
397. 

Cecil,  Sir  Thomas,  a  house  designed  for,  at 
Wimbledon,  by  Thorpe,  440. 

Ceiling  joists,  801 9^8088. 

Ceilings,  in  plastering,  how  set,  8846. 

Ceilings,  ribbed,  how  measured,  2339. 

Ceilings,  8815,  el  m^.  Type  for  forming 
panels  in,  8816.  Coves  to,  ifr.  Examples 
of  ornaments  for,  ib.  Examples  of  sub- 
divuions,  2817,  8818.  Cornices  to,  pro- 
portions ot,  8819. 

Cells  domestical  of  a  Roman  house,  853. 

Cellae  fitmiliarisB  of  a  Roman  house,  853. 

Cements,  1863 — 1867. 

Centering,  how  measured,  8338. 

Centering,  value  of  labour  o^  8349. 

Centre  of  motion,  1841. 

Centre-bits,  plumber's,  8818. 

Centre  of  gravity,  1842.  1866^1898. 
See  "  Mechanics  and  Statics.** 

Cesspools,  bad  substitutes  for  drains  and 
sewers,  1887. 

Chaldspa,  architecture  of,  9. 

Chambers,  Sir  William,  architect,  lenip. 
George  HI.,  518.  His  works,  518,  519, 
58a     His  DwiUe  en  Andkitedure,  580. 

Chapel  at  Greenwich  Hospital,  roof  o^ 
2047. 

Chapel  of  San  Bernardino,  by  Son  Micholi, 
350. 

Chapel  of  St  Pietro  in  Montorio,  335. 

Character  of  Elizabethan  architecture,  449. 

Characteristics  of  early  English  architeo* 
ture,  405.  Arches,  ib.  Trefoil  and 
cinquefoil  heads,  ib.  Columns,  ib,  Win- 
dows, ib.  Rooft,  lb.  Walls,  t6.  Orna- 
ments, ib.     Plans,  ib. 

Characteristics  of  ornamented  English  style 
in  arches,  columns,  windows,  rooi^  or 
ceiling  ornaments,  420. 

Characteristics  of  the  Tudor  style  in  win- 
dows, ceilings,  flying  buttresses,  orna- 
ments, canities,  pedestals,  Sec,  430l 

Characters  of  the  different  orders,  2538,  el  sef . 

Charity,  la,  sur  Loire,  church  at,  289. 

Charlemagne,  architectural  era  of,  883. 289. 

Charles  V.,  of  France,  architecture  under, 
311. 

Charles  V.,  of  Spain,  a  great  patron  of  ar- 
chitecture, 368. 


Charies  VI.,  of  France,  arehttecture  under, 
311. 

Charles  VIII.,  of  Fhmeeb  acquainted  with 
the  arts  of  Italy,  358. 

Charlton  House,  Kent,  452. 

Charlton  House,  Wilts,  445.  451,  458. 

Chartres,  cathedral  o^  889. 

Chased  mortises,  8019. 

Chateau  d'Ecouen,  by  Bullant,  357. 

Chel-Minar,  or  Peraepolis,  ruins  oC  46 — 49* 

Chelsea  HoapiUl,  8796. 

Chepstow  Castle,  408. 

Cherson,  church  at,  375. 

Chester  Cathedral,  398.  Founders  and  di- 
mensions  of,  434. 

Chester,  conventual  diiirch  of  St.  John  at, 
398. 

Chesterford  Casde,  in  Easex,  391. 

Chevron  ornament,  397. 

Chichester  Cathedral,  398.  481.  Founders 
and  dimensions  of,  434. 

Chillambaram,  on  the  Coromandel  coast, 
pagoda  at,  58. 

Chimney  openings,  how  propc^oned  by 
Morris,  8798.  By  Chambers,  tft.  An- 
gular funnels  of,  8793. 

Chimney  pieces,  2788,  el  Mtq.  Method  of 
proportioning  dressings  oC  S)789.  Ex- 
amples of;  8790,  8791.  Materials  em- 
ployed  in,  8794. 

Chimney  shafts,  8795.  Well  designed  by 
Vanbruf^,  t6. 

Chimney  Sweepers*  Act,  Appendix  p.852. 

China,  architecture  of,  9. 

Chinese  architecture: — Tent,  the  typeof,9S. 
Does  not  seem  to  have  improved,  94. 
Principles  of,  as  connected  with  its  type, 
95.  Quality  of,  is  gaiety  of  efieet,  96. 
Its  ornaments,  97.  Timber,  chief  mate- 
rial used  in,  98.  Brick  also  employed, 
ib.  Police  of,  and  regulations  in  bwild- 
ing,  I*. 

Chinese  houses  described  goierally,  lOI. 

Chinese  palaces,  103.  That  at  Pekin  dc> 
scribed,  103. 

Chinese  wall,  description  of,  108. 

Chisel,  a  carpenter's  tool,  8003. 

Chisels,  mason's,  1909. 

Chisels,  the  firmer,  paring,  81 1 1.  Mordse, 
8118. 

Chbwick,  villa  at,  by  Lord  Burlington,  509. 

Cholula,  great  pyramid  o^  118. 

Chopping  block,  bricklayer's,  1 890. 

Chriraiaa,  Gerard,  an  architect,  tamp. 
Elizabeth,  442. 

Christ  Church  College,  O&ford,  486.  S904. 

Christ  Church,  Hampdiire,  church  at,  398. 

Christ  Church,  Oxford,  391.  Cbaq>ter 
house^  406.  Founders  and  dimensions 
oi;434. 

Christ  Church,  Spitalfidds,  by  Hawksmoor, 
499. 

Church  of  our  Lady  of  Kevan  at  St  Pe- 
tersburg, founded,  378. 

Churches,  8870,  et  seq.  Best  forms  oA 
2871.  Portico  essential,  8878.  Use  of 
the  modem  church,  2873.     Form  of  bft- 
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siliea  well  adapted  to»  2874.  Faeilities 
in  designing  in  that  fonn,  2875.  St 
James^  Westminster,  description  of,  ib. 
Maximum  of  sise  for  all  to  hear  well,  ib. 
General  and  usual  forma  of  pulpits  o^ 
2876. 

Churches  built  by  Wren  in  Ijondon,  list  qI^ 
and  their  cost,  488. 

Churches  from  9th  to  12th  century,  and 
after  12th  century,  general  forms  of  sec- 
tions, 290. 

Churches,  new  eommiflsionen  for  building, 
521. 

Churches  of  Greek  religiim,  distribution  of, 
described,  375. 

Churton  Meodip,  parochial  church  o^  421 . 

Cicero*s  Formian  and  Tusculan  ▼Ulaa,  243. 

Cigoli,  door  by,  2742. 

Cima  recta,  2129.     KeTersa,  ib. 

Circle,  s^ments  of,  table  of  areas  when  the 
diameter  is  unity,  1225. 

Circle,  to  describe  independent  of  a  centre, 
2074. 

Circles,  908—928. 

Circles  of  stone  common  in  Wales  and  the 
Western  Isles,  in  Icdand,  Norway,  Swe- 
den, and  various  parts  of  Germany, 

Circles  (»f  stones  used  by  the  Israelites,  15. 
One  set  up  by  Joshua,  ib.  Remains  oC, 
in  counties  of  Derby,  Devcm,  Dorset, 
Somerset,  and  Westmoreland,  16. 

Circus  Maximus  at  Rome,  dimensions  of, 
240. 

Circus  of  the  Greeks  and  Romans,  24a 

Clamps  of  bricks,  1816. 

Clare  Hsll  Chapel,  Cambridge,  designed 
by  Sir  James  Burrough,  490. 

Clarke,  Dr.,  an  able  amateur  aichitect, 
490. 

Claudius,  architecture  under,  in  Britain, 
381. 

Claudius,  temple  o^  at  Camalodunum, 
381. 

Clear  coalings  what,  2273. 

Cliefden  House,  Bucks,  465. 

Climates  of  Europe,  1080. 

Qinkers,  1824. 

Clinkers,  Dutch,  1830. 

Clips,  glaxier's,  2229. 

Closet  knobs,  2263. 

Clugny,  abbey  of,  289. 

Coarse  stuff,  plasterer^s,  2235. 

Cobarrubias,  an  architect  of  Spain,  367, 
368. 

Cockermouth  Castle,  398. 

Colchester  Castle,  394. 

Colchester,  monastery  oC,  389. 

Coleshill  House,  in  Berkshire,  by  Jones, 
462. 

Colin  Campbell,  window  by,  2771. 

Coliseum,  2547. 

Coliseum,  or  Flavian  amphitheatre,  at  Rome, 
192.  228,  229.     Drainage  oS,  231.      • 

Collar  beam,  2031.  2034. 

Colleges,  2899,  et  uq.  Parts  o(  2899. 
Ours  different  from  Continental,  290a 
At    Rome  described,    2901.      One    at 


Genoa,  2902.  At  Paris,  2903.  At 
Oxford  and  Cambridge,  2904.  Queen*8 
College,  Oxford,  good  example  as  to  dis- 
position,    ib,       Christchurch,     Oxford, 

2906.  Trinity     College,     Cambridge, 

2907.  King's  College,  Cambridge,  ib. 
Corpus  Christi,  Cambridge,  a  bad  modem 
example,  t6. 

Cologne,  cathedral  of,  described,  and  plan 
and  elevation  thereof  306.  Contributions 
of  late  years  to  the  fabric,  307.  Average 
yearly  expenditure  on,  308. 

Cologne,  John  and  Simon  o^  early  German 
architects,  365. 

Colonna,  author  of  the  PoKphiU  ffypnero- 
tamaehioi  326. 

Column  in  Place  Vendome  at  Paris,  .363. 

Columns,  Chinese,  .mode  of  forming,  10. 

Columns,  grouping  o^  2614. 

Colunms,  heights  and  diameters  of  ancient 
Roman,  2547.  Diminution  of,  according 
to  heights,  2548.  Height  and  diminution 
of,  2543,  et  Mq.  Vignola's  method  of 
diminishing,  2545.  Blondel's  method, 
2546.  Diminution  in  ancient  examples, 
2547. 

Columns  in  apartments,  bow  arranged, 
2849—2851. 

Columns,  mode  of  gluing  up,  in  joinery, 
2201.     Origm  of,  135. 

Columns  should  not  penetrate  each  other, 
2681. 

Columns,  stone,  mode  of  working,  1 925. 

Comari  palace  at  Venice,  351. 

Combe  Abbey,  by  Winde,  465. 

Combination  of  parts  of  a  building,  2825, 
et  teq.     Horizontal  and  vertical,  2838. 

Combination  of  parts  in  leading  forms, 
2855.  Examples  of;  2856.  Method  of 
abbreviation  in  composition,  2857.  De- 
sign proceeded  with,  2858.  Examples, 
2859,  2860. 

Common  joists  and  their  scantlings,  2014, 
2015. 

Common  rafters,  2035. 

Complement  of  an  arc,  1037. 

Compssses,  bricklayer's  1890. 

Complurium  of  a  Roman  house,  247.  253. 

Composite  order,  table  of  examples,  264. 
General  proportions  of,  265. 

Composite  order,  2591,  et  seq.  Vignola's 
profile  of;  2592.  Table  of  parts  of,  ib. 
Parts  to  a  larger  scale,  2593.  Mode  of 
profiling  capital  o^  2594.  Plrofile  of;  by 
Vitruvius,  2595.  By  Palladio,  2596. 
By  Serlio,  2597.  By  Scamozzi,  2598. 
Arrangements  ofmodilions,  2614. 

Composition  enrichments,  2252. 

Compomtiou,  general  principles  o£,  2825, 
et  weq.  Ornament  a  non-essential,  2826. 
Facades  should  depend  on  internal  dis- 
tribution, 2827.  What  compositions 
please,  2828.  Method  of  the  Gothic 
architects  as  to  windows,  2829,  Talent 
of  an  architi'ct  how  to  be  judged  of, 
2829,  2830.  Drawings  necessary  in, 
2831,  et  seq. 
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Composition,  method  of  mbbreviation  in, 
2857. 

Compound  interest  and  annuities,  and  tables 
relating  to,  Appendii,  p.  850,  et  $eq. 

Compound  quantities,  subtraction  of,  655 — 
658.  Multiplication  0^659—661.  Di- 
vision  of,  652 — 666,  Squares  of,  680 — 
687.  Extraction  of  roots  c^  688 — 692. 
Higher  powers  o(  702 — 706. 

Compound  relations,  763—773. 

Concamerata  sudatio  of  the  Roman  baths, 
236. 

Concave  bricks,  1 829. 

Concave  sur&ces,  to  fi>rm,  in  Joinery, 
2199. 

Concord,  Ionic  temple  of,  at  Rome,  213. 

Concrete,  how  composed,  1862. 

Conditions  annexed  to  specifications,  2294. 

Cone,  sections  of,  1056^1 109. 

Confraternity  d^  PonU  founded  by  St 
Beneset,  310. 

Conic  sections,  1056 — 1109.  Definitions, 
1057.  Ellipsis,  1058—1082.  Hyperbola, 
1088—1094.     Parabola,  1095 — 1109. 

Conic  surfaces,  to  form,  in  joinery,  2SK)6, 
2207. 

Conisburgh  Castle,  394. 

Conlsterium  of  the  Greek  gjrmnasium, 
175. 

Conisterium  of  the  Roman  baths,  235. 

Constantine  unsuccessful  in  restoring  the 
art,  199.  His  attempt  towards  it,  200. 
His  triumphal  arch,  201. 

Constantinople,  works  at,  by  Theodosius, 
Anastasius,  and  Justinian,  271. 

Constantius  exhibited  little  desire  to  restore 
the  art,  202. 

Convent  della  Pace  at  Rome,  by  Bra- 
mante,  335. 

Conventual  architecture,  435. 

Conway  Castle,  and  view  of,  402,  403, 
404. 

Coppen,  Sir  George,  a  design  for,  by  Thorpe, 
440. 

Copper,  1787 — 1791.  A  metal  early  em- 
ployed, 1787.  Weight,  1787.  Ore  in 
England,  where  found,  and  how  smelted, 
1 788.  Sheet  copper,  its  uses  in  build- 
ing, 1789.  Alloyed  with  sine  for  furni- 
ture, 1 790.  With  zinc  for  the  formation 
of  bell  metal,  1791. 

Copthall,  Essex,  built  for  Sir  Thomas 
Heneage,  440, 

Cora,  Cyclopean  remains  at,  32. 

Cora,  near  Velletri,  walk  of,  1 79. 

Corbel  table  ornament,  397. 

Cordova,  mosque  of^  commenoed  by  Abder- 
haman,  1 26.     Described,  ib, 

Corduan,  lighthouse  oC  2929. 

Corfe  Castle,  Dorset,  391.  394. 

Corinthian  arcade,  2625.  With  pedestal, 
2631. 

Corinthian  capital,  origin  o^  according  to 
Vitruvius,  140. 

Corinthian  order,  2582,  ei  »eq,  Vignola's 
profile  of,  2583.  Table  of  parts  of,  ib. 
Parts  of,  to  a  larger  scale,  2584.     Mode 


of  drawing  capital,  2585.  Volutes  oC 
2586.  Parts  of  the  capital,  ib.  Profile 
o^  by  Vitruvius,  2587.  By  PdJadio, 
•2588.  By  Serlio,  2589.  By  Seamoni, 
2590.  Expedients  relative  to  modillions, 
2614.     Best  manner  of  proceeding,  Ol 

Corinthian  order  in  Greece,  161,  et  wtq. 

Corinthian  order  of  the  Romany  2fi2. 
Table  of  examples,  ib.  General  propor- 
tions  of;  263. 

Cornices,  brick,  1904. 

Cornice  crowning  buildings,  2794,  ti  aeq. 
Proportion  it  should  bear  to  the  total 
height  of  building,  2725.  That  of  Far- 
nese  palace,  ib.  Of  the  Spanooehi  palace, 
at  Siena,  ib.  Of  the  Picolomini  palace 
at  Siena,  ib.  Of  the  Pcjana  palace,  by 
Palladio,  ib.  Of  the  Stroxzi  palace  at 
Florence,  ib.  Of  the  Pandolfini  palace 
at  Florence,  ib.  Of  the  Villa  Monteceio, 
by  Palladio^  t6.  Of  the  Villa  Caldogno, 
by  Palladio,  ib.  Of  another  villa  for 
same  fiimily,  ib.  Of  the  Famese  palace. 
t6.  Of  the  Gondi  fiunily  at  Florence, 
ib.  Entablature  by  Vignola,  2726. 
Block  cornices,  2727,  2728. 

Cornices,  in  plastering,  2250. 

Cornices  of  the  Florentine  palaces,  327. 
329. 

Cornices  of  rooms,  proportions  of;  2819. 

Corpus  Christi  College,  Cambridge,  2904. 

Cortona,  walk  of;  179. 

Co-secant  of  an  arc,  1044. 

Co-sine  of  an  arc,  1042. 

Co-tangent  of  an  are,  1043. 

Cottage  om6,  3001. 

Cottages,  3005,  et  mq,  Loudon's  observ- 
ations on,  3007. 

Counterforts,  1592. 

Countersinks,  2106. 

Countess  slates,  1806. 

Coupled  columns,  267. 

Course  of  brickwork,  what,  1894. 

Court  of  the  Lions  in  the  Alhambra  de^ 
scribed,  127. 

Courts  of  law,  2888,  ei  eeq.  Very  ill  con- 
trived in  thu  country,  ib.  Requisites 
for,  2891.  Entrances  and  exits,  2892. 
Provinces,  2893. 

Coved  vaulting,  1464 — ^1477. 

Covent  Garden,  square  of;  by  Jones,  46S. 

Covent  Garden  Theatre,  2958 — ^2967. 

Covering  boards  of  domes,  groins,  &e., 
2068—2078. 

Covering  of  buildings,  compantive  weights 
of  different  materials,  1 796. 

Covert,  Sir  Walter,  a  house  in  Sussex  de- 
signed for,  by  Thorpe,  44a 

Coves  of  ceilings,  height  of,  2816. 

Cowdray,  Sussex,  mansion,  426. 

Crate  of  gUss,  1872. 

Crennels  of  a  castle,  what,  394. 

Cfomlechs  described,  23.  Found  on  the 
Malabar  coast,  ib. 

Crow  iron,  bricklayer*s,  1890. 

Crown  glass,  1869. 

Crown  tiles,  1835. 
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Croyknd,  eoDTentiud  diureh  ct,  421. 
Croyhuid,  monastery  of,  ezpenaes  for  build- 
ing, how  raiMd,  392. 
Cnuhing  weight  of  sevefAl  materials,  1500. 

Of  a  cubic  foot  of  brickwork,  1 833. 
Cube  roots,  60I — 605. 
Cube  roots,  table  of,  873. 
Cubes,  and  the  extraction  of  their  roots, 

699—701. 
Cubes,  table  of,  873. 
Cubtcula  of  a  Roman  house,  253. 
Cubiculum  of  a  Roman  house,  253. 
Cuenca,  cathedral  of,  368. 
Cul  de  Four,  what,  1995. 
Cunei  of  the  Roman  theatre,  226. 
Curb  for  circular  windows,  to  form,  2065. 
Current,  in  plumbery,  2213. 
Cur-tail  step,  2186.  2190—2192. 
Custom-houses,  2944,  et  aeq.      Requisites 

in,  2944.     That  of  London,  2945. 
Cutters,  bricks,  species  of,  1821. 
Cutting  knives,  plumber*s,  2212. 
Cyclopean  buildings,  four  eras  ot,  aooording 

to  Mr.  Hamilton,  32. 
Cyclopes,  the  seven,  Jacob  Bryanfs  opinion 

on,  31. 
Cylindrical  sur&oes,   to  form   in  joinery, 

2198.  2205. 
Cyma,  oyma  recta,  or  oymatium,  253. 

D. 

Dado,  value  of  labour  of,  2368. 

Dais  in  a  castle,  what,  394. 

Damascus  houses,  how  built,  131. 

Dance,   George,    architect,  temp,    George 

III.,  521. 
Darby,  Mr.,  a  London  house  for,  designed 

by  Thorpe,  440. 
David  I.  of  Scotland,  his  seal  in  erecting 

religious  buildings,  392. 
Day,  length  c€,  longest  in  different  coun- 
tries of  Europe,  1030. 
Day   work,    materials    and    labour,    how 

charged  in,  2322—2329. 
Deal,  three-cpiarter  or  slit,  value  of,  2368. 
Deal,  inch  and  quarter,  y^ue  of  lalwur  on, 

2368. 
Deal,  inch  and  half,  value  of  labour  on, 

2368. 
Deal,  two  inch,  value  of  labour  on,  2368. 
Deal,  two  and  half  inch,  value  of  labour  on, 

2368. 
Deal,  three-inch,  value  of  labour  on,  2368. 
Deals  and  battens,  memoranda  relating  to, 

2362. 
Deals,  bow  to  reduce,  2363. 
Deals,  table  of  values  aS,  2364.     Ezplana- 

tion  of,  2365. 
De    Brosse,    Jacques,    architect    of   the 

Luxembourg  in  Paris,  358. 
De  Campo  Aguero,  a  Spanish  arohitect,  367. 
Decimal  fractions,  infinite,  783 — ^796. 
Decimals,  861  -  867. 
Decorated  Gothic,  or  ornamented  English, 

410. 
Decoration,  2513—2522.     Arises  from  de- 


sii«  of  variety,  2515.  Analogy  in,  251 7, 
2518.  Allegory  in,  2520.  Examples 
oC  2521,  2522. 

De  Cotte,  Robert,  employed  in  Germany, 
366. 

D*Emere,  Garcia,  celebrated  architect  of 
Spain,  370. 

D'Escobadok   Giovanni,  Alonso,   and  Fra. 
Giovanni,  early  Spanish  architects,  367. 

De  Foix,  Lui^i,  a  Spanish  architect,  371. 

De  Gumiel,  Pietro,  an  early  Spanish  archi- 
tect, 367. 

D'Herrerm,  Giovanni,  a  Spanish  arohitect  of 
great  fimie,  371. 

De  Uria,  Pietro,  a  Portuguese  architect, 
367. 

Delorme,  one  of  the  early  French  arohi- 
tecto,  357,  358. 

Delorme,  Philibert,  translated  into  English, 
438. 

Delorme*s  mode  of  framing  domes,  2052. 

Delphi,  temple  of,  mentioned  by  Homer, 
136. 

Denbigh  Castle,  .S98. 

Denmark,  buildings  in,  erected  by  Inigo 
Jones,  456. 

Dennybole  slates,  1808. 

Dentels,  centres  o(  2612. 

Derby  plasterer's  described,  2242. 

Descriptive  gecmietry,  explanation  o^ 
llia—1115.  Division  of,  1115.  First 
class  of  objects  or  solids  with  plane  sur- 
foces,  1116—1121.  Second  class  or 
solids,  terminated  by  plane  or  curved 
surfiiees,  1122—1124.  Third  class  or 
solids,  whose  surfiwes  have  a  double  cur- 
vature, 1 1 25 — 1 129.  Projection  ot  right 
lines,  1130 — 1133.  Projection  of  sur- 
foces,  1 1 34 — 1 1 36.  Projection  of  curved 
Imes,  1137—1141.  Projection  of  solids, 
1142 — 1148.  Developement  of  solids 
whose  sur&oes  are  plane,  1149*  1150. 
Developement  of  regular  polyhedrons, 
1151  — 1155.  Developement  of  pyra- 
mids and  prisms,  IIS& — 1158.  Deve^ 
lopement  of  an  oblique  pyramid,  1159 — 
1 1 64.  Developement  of  right  and  oblique 
prisms,  1165 — 1169.  Developement  of. 
right  and  oblique  cylinders,  1 1 70 — 1 1 74. 
I^elopement  of  right  and  oblique  cones, 
1175 — 1183.  Deve&pement  of  bodies  or 
solids,  whose  surfiwes  have  a  double  cur- 
vature, 1 1 84 — 1 1 9a  Angles  of  planes  or 
surfoces  by  which  solids  are  bounded, 
1191—1211. 

Deugn,  architectural.     See  ^  Architectural 
Design." 

Design,  method  in  proceeding  to  make  one, 
2833. 

DiagannAtfaa,  temple  of,  at  Ellora,  56, 

IMamond,  glasier*s,  2226. 

Diastyle   intercolumniation,    2605.    2609. 

2611. 
IMe  of  a  pedestal,  2603. 
Dilapidations,  mode  of  determining,  ftc. 

Appendix,  p.  855,  856. 
Diminution  of  columns,  2543,  el  teq.    Vig- 
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iioU*s  method,  3545.     BloodBl^  method, 
S546.     la  uieieiit  examplee,  S547. 

Diminution  of  ooiumns  aooording  to  their 
height,  2548. 

Dioolesien  desirous  of  reviving  the  art,  1 98. 
Hie  palace  at  Spaktro  <M8orihed,  and 
pkin,  ib, 

Dtonyaiaca  of  the  Greeks,  what,  178. 

Diipenion  of  mankind  from  »  central  spot, 
1I-.14.  SI. 

Ditri^lTph,  2611. 

Division  of  simple  quantities,  5S4 — 589. 

Divisor,  neatest  eomroon,  759,  75S. 

DjenonasTa,  temple  of,  at  EUora,  S6, 

Dog'legged  stairease  described,  and  mode 
of  forming,  2182. 

Domes,  oireuhur  and  polygonal,  to  deter- 
mine ribs  of,  2064.  To  cover  with 
hoards,  207O--fl07S. 

Domes,  construction  of,  in  timber,  2089. 

Domes,  how  to  regulate  caissons  in,  2837. 

Domes,  timber,  mode  of  framing,  by  De- 
lorme,  2052. 

Dome  vaulting,  in  masonry,  1956,  «<  ss^. 
1995—^002.  Psndentives  formed  in, 
1999. 

Domestic  architecture  of  the  Romans,  249 
—255. 

Domestic  architecture  of  the  Tudor  period, 
423,  €t  mq.  Division  into  three  periods, 
425. 

Domma,  temple  of,  at  Eliora,  $6. 

Donoaster,  parochial  church  oC  421. 

Door  chains  and  barrels,  2263. 

Doors,  profiles  o^  8729»  tt  ssy.  Considered 
in  respect  of  mnsses  and  voids,  2730. 
Their  proper  dimensions,  2731.  Their 
proper  places  and  numben,  2732.  Hieir 
decorations,  2783.  Gates  and  piers^  2734. 
Of  St.  Peter^  Baptistery  at  Florence, 
and  San  GKovanni  Laterano,  2735.  Ma- 
nufkcture  oS,  2736.  Examples  of  door- 
ways, 2737,  2738,  2739.  At  the  Cari- 
cellaria,  2739.  By  Bfichel  Angelo^  2740. 
By  Vignola,  at  the  Famese,  2741.  By 
Cigoli,  2749.  By  Inigo  Jones,  2743. 
By  Serlio,  2744. 

Doors,  square  and  flat  panel  on  both  ndes, 
2133. 

Doors,  quirked  ovolo  fillet  and  flat  with 
square  back,  2134. 

Doom,  quirked  ovolo  bead,  and  flat  panel 
with  square  back,  2135. 

Doors,  quirked  ovolo  bead,  fillet,  and  flat 
panel  with  square  back,  21 36. 

Doors,  quirked  ogee,  quirked  bead,  and  flat 
panel  with  square  back,  2137. 

Doors,  quirked  ogee,  cocked  bead,  and  flat 
panel  with  square  back,  2138. 

Doors,  cove,  cocked  bead,  flat  panel,  and 
square  back,  2139. 

Doors,  quirked  ovolo,  bead,  fillet,  and  raised 
panel  on  front  and  square  back,  2140. 

Doors,  quirked  ovolo,  bead,  and  raised 
panel  with  ovolo  on  the  raised  panel  and 
square  back,  2141. 

Doors,  quirked  ogee^  raised  panel    with 


ovolo,  and  fillet  on  the  raising,  and  aa- 
tragal  on  the  flat  of  panel  in  tinmt,  and 
square  back,  2142. 

Doors,  quirked  ovolo,  bead,  fillet,  and  flat 
panel  on  both  sides,  9143. 

Doors,  bead  and  flusia  front  and  quirked 
ogee,  raised  panel  with  ov(^  cm  the 
rising,  grooved  on  flat  panel  on  back, 
2144. 

Doors,  value  of  labour  oi,  2365 — 2367. 

Dorbay,  a  French  arehiteet  engaged  osi 
Tuileries,  357. 

Doric  arcade,  2623.     With  pedestal,  96S9. 

Doric,  Grecian,  first  used  in  Faris  by  An^ 
toine,36a 

Doric,  Grecian,  relative  antiquity  of  exani« 
pies  determined  from  intervale  beiwecu 
the  columns,  &&,  140.  Dorus,  imagined 
inventor  o^  140-^142.  Table  of  exam- 
pies  oi;  142. 

Doric,  Greek,  used  in  Germany  by  Lang- 
hans,  366. 

Doric  order,  among  the  Romans,  258.     Of 
the  theatre  of  Mareellus,  ift.   In  the  baths 
of  Diodesian,  &.     Of  the  Italian  ardii- 
tects,  ib, 

Doric  order,  intercolumniations  of,  2605. 

Doric  order,  table  of  members  composing 
it,  2565.  Vitruvius's  profile  cf,  2566. 
PaUadio's  profile  of,  2567.  Serlio's  pro. 
file  of,  2568.  Scammoiai's  profile  ol; 
8569.  Grecian  in  the  Parthenon,  257a 
Table  of  its  parts,  A.  Principal  boild- 
ings  of  Grecian  Dorie,  2572. 

Doric  order,  2560.  Vignola^  eommcnded 
by  Daviler,  2561 .  I^irts  of  the  mutular 
Doric  on  larger  scale*  2562.  Table  of 
heights  and  projections,  ib.  DiflSculties 
in  arranging  entablature,  2563.  How 
employed  by  the  ancients,  2564.  Den- 
ticular Doric,  2565.  Parts  of,  on  larger 
soale,  ib.  Table  of  hai^ts  and  projec- 
tions, ib, 

Doric  temple  at  Corinth,  early  specimens, 
146. 

Doric  temples,  general  proportions  of  place 
examined,  152^ 

Dorrell,  Sir  Thomas,  house  iar,  designed 
by  Thorpe,  440. 

Double  bead,  or  double  bead  and  quirk, 
2128. 

Double  flooring,  9013—2019. 

Double^firamed  flooring,  2013 — 2019. 

Doubles,  slates,  1809. 

Dover  Castle,  Kent,  391 .  393,  394. 

Dowelled  .floors,  2171—2173. 

Dowels,  2173. 

Dragon  beam,  what,  2009. 

Dramage  of  foundations,  1887,  1888. 

Drawer  handles,  2263. 

Drawing  in  genera],  2381.-^  As  applied  to 
landsotpes,  2404. 

Drawing  knife,  2114. 

Drawing,  methods  of  teaching,  2383,  etm^ 
Method  of  Dupuis,  2385.  Andeat 
method,  2387,  et  teq. 

Drawings  necessary  in  composition,  2831 » 
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et  aeq.  Conust  of  plan*  section,  and  ele- 
vation, S838.  In  making  a  design,  to 
proceed  on,  2833.  Ought  not  to  be  co- 
loured nor  highly  finished  in  shadow, 
2834.  Of  caissons  in  vaulting,  28S5 — 
2837.  Of  horiaontal  and  yertical  com- 
binations, 2839,  ti  mq.  By  interasal 
divisions,  S849»  Prevention  of  fidse  bear^ 
ings,  9843. 

Dressing  and  flatthog  tool,  plumber's,  2212. 

Drips,  in  plumbery,  2213. 

Droving,  in  masonry,  1914. 

Druidical  and  Celtic  arehitecture  intro- 
duced into  Britain  by  the  Canaanites  of 
Tyre  and  Sidcm,  14. 

Druids  of  the  British  Isles,  a  colony  of  the 
first  race  of  people,  1 1 . 

Drury  Lane  Theatre,  2958.  Old  Drury 
Lane,  2967. 

Drury  Lane  Theatre,  old,  roof  of,  2048. 

Drybergh  Abbey,  431. 

Drying  oil,  what,  and  how  made,  2274. 

Du  Cerceau,  one  of  the  early  French  archi- 
tects engaged  on  Tuilerie%  357. 

Duchess  slates,  1805. 

Dungeon  of  a  castle,  what,  394. 

Duodecimals,  868 — 872. 

Durham  Castle,  394.  398.  414. 

Durham  Cathedral,  406.  Founders  and 
Dimensions  of,  434. 

Duster,  glaaier's,  2226. 

Dutch  clinkers,  1 83a 

Dutch  arras,  1866. 

£. 

Earl's  Barton  Tower,  Northamptonahira, 
398. 

Early  English  architecture,  399,  t*  aeq. 
Characteristics  o^  405.  Examples  of, 
406. 

Eastbury  Houses  in  Dorsetshire^  by  Vaop 
brugh,  495. 

Echinus,  or  quarter  round,  2532. 

Eoole  de  M^decine,  at  Paris,  363. 

Edfou,  near  Thcbea,  temple  at,  described, 
77. 

Edgar  the  Peaceable,  his  care  of  the  Anglo- 
Saxon  buildings,  386. 

Edystone  lighthouse,  2930. 

Egypt,  architecture  ol^  9. 

Egyptian  architecture  considered  in  respect 
of  style,  taste,  and  character,  76,  et  aeq^ 
84,  et  teq.  Temples  and  tombs,  the  prin- 
cipal work  in  it,  67.     Monotonous,  88. 

Egyptian  architecture,  its  analysis  and  de- 
velopement,  70,  et  $eq. 

Egyptian  architecture,  phyaieal  causes  which 
affect  it,  63,  et  eeq.  No  circular  temple 
in,  69. 

Egyptian  architecture,  principal  edifices 
and  their  rituations,  and  map  of  the  Nile, 

91. 
Egyptian  earlier  than  Greek  architecture, 

la 
Egyptian  temple,  fbrm  and  disposition  of, 

described,  76. 


EUeotherium  of  the  Gre^k  gymnasium,  175. 

Elaeothcrium  of  the  Roman  baths,  235. 

Elephanta,  near  Bombay,  excavated  tenqple 
of,  57. 

Elisabeth  did  not  patronise  architecture, 
438. 

Elizabethan  arehitecture,or  last  Tudor  style, 
436,  et  Mq.  Character  <d,  449.  Sepul- 
diral  monuments,  ib.  Absurdity  of  at- 
tempting to  revive  it  in  the  present  day, 
ib. 

Elizabethan  architecture  practised  till  the 
days  of  Inigo  Jones,  445. 

Elizid>ethan  palatial  houses,  list  ci,  446. 

Elizabethan  style,  425. 

Ellipsis,  1058—1082. 

Elliptical  arch,  to  draw,  in  masonry,  and  find 
the  joints,  1934—1937. 

Ely,  capitals  at,  390.  Arch  at,  ib.  Priors* 
entrance  at,  397,  398. 

Ely  Cathedral,  406.  Founders  and  di- 
mensions of,  434. 

Ely  House,  Dover  Street,  by  Taylor,  515. 

Engaged  pilasters,  Burlington  House,  2615. 

England,  Saxon  churches  of,  290. 

English  bond,  1892.  1894. 

Enrichments  in  plasterin|^  2250. 

Entablature,  height  o^  2523,  et  aeq.^  2542. 
2544. 

Entablatures,  subdivision  of,  2549. 

Entasis,  or  swelling  of  columns,  first  verified 
by  Mr.  Allason,  144.  Explanation  of 
the  object  of  it,  ib. 

Entasis,  2545. 

Eosander,  a  German  architect,  865. 

Ephebeum  of  the  Greek  gymnasium,  175. 

Ephebeum  of  the  Roman  baths,  235. 

Episcenium  of  the  Greek  theatre,  172. 

Equations  simple,  resolution  oi,  816 — 824. 
Resolution  of  two  or  more  of  the  first 
degree,  825 — 832.  Of  pure  quadratic 
equations,  833 — 841.  Of  mixcMi,  of  the 
second  degrees,  842—^48.  Of  complete 
equations  of  the  third  degree,  849 — 860. 

Equilibrium  necessary  lor  fitness,  2500. 

Erectheus,  Ionic  temple  of^  at  Athens,  155. 

Erwin  of  Steinbach,  architect  of  cathedral 
at  Strasburg,  305. 

Escurial,  designs  for,  by  Giovanni  Battista 
of  Toledo,  370,  871. 

Escurial  in  Spain,  870,  371.  Cause  of  its 
erection,  ib.     Described,  iL 

Esher,  in  Surrey,  palace  at,  426. 

Esneh,  ruins  at,  71. 

Estimating,  2295,  et  eeg. 

Eton  College  Ch^l,  421. 

Etruscan  architecture,  probably  a  branch  of 
the  Cyclopean,  178.  Blarked  by  great 
solidity  (^construction,  179. 

EUides  de  Montreuil,  architect,  310. 

Eustyle  intercolumniation,  2605 — S!611. 

Examples  of  the  Florid  or  Tudor  style, 
432. 

Excavator's  work  in  specifications,  2281. 

Exchanges,  2937,  et  eeq.  Definition  of, 
2937.  How  sometimes  designed,  2988. 
That  of  Amsterdam,  2939.     Sir  Cbristo- 
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pher  Wran^  opinioQ  relative  to)  S940. 

New  Royal  Exchange,  S941.     That  at 

Paris  described,  2943. 
Exedra  of  the  Greek  gymnaaiuint  1 75. 
Exedra  of  the  Roman  baths,  235. 
£xedr«  of  a  Roman  house,  252,  253. 
Exeter  Castle  gateway,  391. 
Exeter  Cathedral,  founders  and  dimensions 

of,  434. 

F. 

Facade  of  Nero  at  Rome,  262. 

Falling  mould  of  stairs,  2188. 

Fancelli  and  Micheloxso^  scholars  (^  Bm- 
nelleschi,  323. 

Fancy  colours  in  painting,  2272 — 2276. 

Farm  houses,  3002,  et  aeq.  Distribution 
ot,  3003.     On  laige  scale,  3004. 

Famese  Palace  cornice,  2725.  Door  at,  2741. 

Farnese  Palace,  door  at,  by  Vignola,  2741. 

Famese  Palace,  window  at,  2763. 

Fauces  of  a  Roman  house,  250.  253. 

Fes,  ancient  Arabian  city,  described  gene- 
rally, 132. 

Flesole,  walls  of,  179. 

Figures  in  decoration,  2519.  2521. 

Figures,  similar,  958—968. 

Filippo,  Mastro,  a  Spanish  architect,  367. 

Fillet,  listel,  or  annulet,  2532. 

Fillets,  2129. 

Fine  stuff*,  plasterer's,  2236. 

Fischers,  a  German  architect,  365. 

Fitness,  the  basis  of  proportion,  2496, 
2497.  Dependent  on  equilibrium,  2500. 
Maxims  reladng  to,  2502. 

Fltxwilliam,  Mr.  William,  house 
for,  by  Thorpe,  440. 

Flashings,  in  plumbery,  9213. 

Flemish  bond,  1892.  1897. 

Flemish  bricks,  1830. 

Fliers,  in  stairs,  2186. 

Flitcroft,  Henry,  an  architect,  ten^  George 
II.,  512. 

Float  stone,  bricklayer's,  1840. 

Floated  work,  plasterer's,  2242. 

Flooring,  and  Floors,  201 S— 2023.  Single^ 
2014,  et  aeq.  Constructed  with  short 
pieces  of  timber,  2023. 

Flooring  boards,  ndue  of  labour  of,  2368. 

Flooring,  value  of  labour  ci,  2350. 

Floors,  2168—2173. 

Floors,  variable  loads  on,  and  largest  weight 
placed  on,  1 778. 

Florence,  palaces  <£,  358. 

Florentine  school  of  architecture,  329. 

Florentine  school,  principles  of,  best 
traced  in  the  palaces,  330.  Principal 
churches  oi,  ib.  Bynntine  architecture 
traced  in  works  o^  332.  Period  oi, 
333.     Principal  masters  of,  tb. 

Florid  English  or  Tudor  style,  its  ara, 
&c,  422,  et  aeq.  Examples  in  Scotland, 
431.     In  England,  432. 

Flush  rings,  2263. 

Flutes  of  columns,  their  nature  and  pro- 
bable origin,  145. 


Folded  floor,  what,  2168. 

Folding  doors,  what,  2130. 

Fontana,  Carlo,  employed  at  Fulda  and 
Vienna,  365. 

Fontana,  Domenico,  employed  on  St  Pe- 
ter's, 336.     Palace  by,  344. 

FooU  Cray,  villa  at,  300a 

Fora  of  the  Romans  described,  218.  Ci- 
vilia  and  Venalia,  ib.  Great  Forum  «t 
Rome,  tfr.  Forum  of  Nerva,  ib.  Forum 
of  Tnjan,  t&.  Forum  at  Fano,  built 
by  Vitruvius,  ib.  Forum  at  Pompeii, 
description  and  plan,  21 9. 

Formation  of  bodies  by  glue  in  joinery, 
21 93 — 2208. 

Fortuna  Virilis  ( lonicX  temple  oC  at  Hooie^ 
212. 

Foundations,  1 88 1  — 1 888.  Yitniviusls  ad- 
vice on,    1881.      Best   soils  for,    1889; 

1883.  What    depth    they    should    be, 

1884.  Use  of  inverted  arches  in,  1885. 
Walls  above,  should  be  kept  dry,  188S. 
Drainage  oC  1887. 

Founder's  work  in  specifications,  2286. 
Founder's  work,    method    of  estimating, 

2374. 
Foundery,  2265,  2266. 
Fountains,    conventual    church    of,    398. 

407. 
Fractions,  549 — 554.     Properties  oC  555 

—557.      Addition  and  subtraction  ai, 

558 — 560.     Multiplication  and  divisioa 

€xS,  561—574.     Resolution  oC  into  ini- 

nite  series,  667 — 679. 
Framing  of  joinery,  2174,  2175. 
France,  oldest  buUdings  in,  289. 
France,  principal  cathedrals  oC  and  their 

dates,  317. 
Francis  I.,  of  France,  patron  of  arts  in 

France,  358. 
Franking  sash  bars,  2165. 
FVeemasons,  sooiAy  o(  401. 
French  architects,  attached  to  Venetian  in 

prefiSrence  to  Roman  schools,  358. 
Franch  architects,  the  first  in  Europe^  S60l 
FVench  casement  frames,  value  of  labour 

of,  2368. 
French  casemmts,  value  of  labour  d,  SS68. 
French  school  of  architecture,  357.     Early 

masters  at,  357,  358. 
Frette-embattled  ornament,  397. 
Frette-triangular  ornament,  397. 
Fretwork,  glBxiers*  2229. 
Friction,  1331—1341.      Observations  oa^ 

1364—1389. 
Frigidarium  of    the    Greek   gymnasium, 

175. 
Frigidarium  of  the  Roman  batiis,  235. 
FriM  pands  of  a  door,  2130. 
Frise  rails  of  a  door,  2130. 
Fuller,  prebendary  of  Sarum,  his  aphoriflna 

relating  to  private  buildings,  2985 — 29891 
Funnels  of  chimneys,  2793. 
Fumess,  conventual  church  of,  398. 
Furring  and  battening,  value  of  labour  oi^ 

2350. 
Furring  up  joints  of  floors^  2169. 
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G. 

Gabriel  Jacques  Angea,  architect  of  Garde 

Meuble  at  Paris,  S60. 
Galleries,  height  of,  2822. 
Gandon,  an  architect  of  reputation,  504. 
Garde  Meuble  at  Paris,  by  Mansart,  S60. 
Garde  Meuble  at  Paris,  2887. 
Garisendi  Tower  at  Bologna,  2500. 
Gate  of  the  Lions  at  Mycene,  34. 
Gates  and  piers,  27S4. 
Gauge,  212a 

Gauged  arches,  how  measured,  2311. 
Gauge  stuff;  2237. 

Giber,  an  early  Spanish  architect,  368. 
Genius  in  architecture,  what,  2492. 
Genoa,  church  of  S.  Lorenzo  at,  31 9. 
Geometrical  progression,  774 — ^782. 
Geometrical  proportion,  754—762. 
Geometrical  ratio,  749 — 751 . 
Geometrical  staircase  in  joinery  described, 
and  mode  of  forming,  2 1 84.    Much  used 
on  the  Continent,  2185. 
Geometry  defined,  874.      Definitions,  875. 
Right  lines  and  rectilineal  figures,  876 — 
907.     Cireles,  906 — 928.     Surfiioes,  929 
—934.     Proportion,  935 — 957.     Similar 
figures,   958 — 968.     Planes,  969 — 978. 
Solids,  979—995. 
Geometry,  practical,  996 — 1031.  Conic  sec- 
tions, 1082. 
Gerbier,  Sir  Balthaaar,  employed  soon  after 

the  Restoration,  465. 
German  architecture,  365,  et  seq. 
German  sheet  glass,  1873. 
Germany,  early  architects  of,  365.     Em- 
ployed in  other  oountries,  ib,    Italian  ar- 
chitects employed  in, 
Germany,  two  different  styles  in  its  ancient 

churches,  283. 
Germany,  two  principal  churches  of,  305. 
Ghent,  prison  at,  2981. 
Gibbs,  James,  an  architect  of  great  repu- 
tation, temp.  Geo.  I.,  and  criticism  by 
Walpole  on,  501 .     Works  of,  502, 508. 
Giddea  Hall,  Essex,  altered  by  Thorpe,  44a 
Gilding,  2277. 

Giralda,  celebrated  bell  tower  at  Seville,  320. 
Giralda,  La,  tower  of,  at  Serille,  368. 
Girders,  2020.     Scantlings  for,  2021 . 
Girders,  how  measured,  2335. 
Gisbome  Priory,  oonventual  church  of,  42 1 . 
Gisborough  Castle,  898. 
Glass,  1 868 — 1 875.  Constituent  parts,  1 868. 
Crown  glass,  1869.     Common  window 
glass,  how  made,  187a     Knob-glass,  ib. 
Three  qualities  o^  1872.    German  sheet, 
1873.     PUte,  1874.     Pliny's  account  of 
discovery  ci,  1875. 
Glass  used  in  Anglo-Saxon  buildings,  385, 

386. 
Glastonbury  Abbey,  435. 
Glastonbury,  chapel  of  St.  Joseph  at,  398. 
Glastonbury,  monastery  of,  389. 
Glazier's  vice,  2228. 
Glazier's  work  in  specifications,  2289. 
Glazier's  work,  meUKid  of  estimating,  2378. 


GUzing,  2225--22S1. 

Glazing-knife,  2226. 

Gloucester,  St.  Peter's,  396, 397. 421 .  Foun- 
ders and  dimensions  of,  434. 

Glover,  Moses,  an  architect  employed  in 
completing  Northumberland  House,  and 
probably  Sion  House.  4451. 

Godstone  House,  design  for  corridor,  440. 

Goinff  of  stairs,  2179. 

Gondi  palace,  cornice  o£,  2725. 

Gondouin,  Jean  Jacques,  celebrated  French 
architect,  363. 

Gores  of  boards  lor  covering  domes,  groins, 
&C.,  2068—2078. 

Gormanbury  House,  date  and  founder,  446. 

Gosfield  Hall,  Essex,  426. 

Gothic  arch,  in  masonry,  to  draw  and  find 
the  joints,  1938—1941. 

Gotthard,  a  German  architect,  366. 

Gouge,  2113. 

Gouge-bit,  2107. 

Gougeon,  Jean,  the  sculptor,  358. 

Goutard,  a  German  architect,  366. 

Government  offices,  2883,  ei  teg.  Character 
of,  2883.  Disposition  of,  2884.  Parts  of 
Bank  of  England,  by  Soane,  good  ex- 
amples, 2885.  Admiralty  and  Treasury, 
instances  of  indifference  of  government 
to  the  arts,  2886,  2887.  Fine  examples 
c€,  in  Paris,  2887. 

Gradus  of  the  Roman  theatre,  226,  227. 

Grafton,  Duke  oi,  house  for,  in  Piccadilly, 
by  Taylor,  515. 

Granada,  church  at,  368.     Palace  at,  t&. 

Granite,  1668 — 1672.  Constituent  parts 
oi,  1669.  Not  decomposed  by  acids, 
1670.  Grey  granite  or  moorstcme,  1671. 
Peterhead,  ib.  Weight  of  different  sorts 
id,  1672. 

Grantham,  parochial  church  at,  408.  421. 

Gravity,  centre  of,  1242.  See  **  Centre  of 
Gravity." 

Grecians,  early  buildings  of,  were  palaces 
of  princes,  137.     Described,  ib. 

Grecian  temple,  origin  of,  139. 

Grecian  architecture,  strict  meaning,  as 
distinguished  from  Roman,  134.  No 
arches  used  in,  ib. 

Grecian  identical  with  columnar  architec- 
ture, 133. 

Greek  churches,  distribution  €i,  described, 
375—377. 

Greenwich  Church,  by  James,  505. 

Greenwich  Hospital,  2796. 

Greenwich  Hospital,  interior  of  chapel,  by 
Stuart,  516. 

Greenwich,  palace  at,  423. 

Greenwich,  Queen's  House  at,  by  Inigo 
Jones,  462. 

Gregory  III.  (Pope),  arts  under,  281. 
Greville,  Sir  Robert,  garden  front  for,  near 

Gray's  Inn,  440. 
Grimani  palace,  Verona,  by  San  Micheli, 

350. 
Grimsthorpe,  Lincolnshire,  palace  at,  426. 
Grinding  stone,  bricklayer's,  1890. 
Groined  arches  in  brickwork,  1 903. 
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Groined  vaulting,  1444—1456.  Ready 
method  of  equilibrating,  1457,  1458. 
Applied  to  churchee  with  naves  and 
aisles,  1459—1463. 

Groins,  in  masonry,  1945>  c#  Mq.  Where 
they  intersect  in  the  plane  of  the  diagonal, 
1945.  Where  the  narrow  opening  is  a 
semieircle,  and  the  wide  one  a  semi- 
ellipse,  1946.  With  two  eircular  vaults 
of  di6Eerent  heights,  1947,  1948.  When 
they  are  of  the  same  height  and  of 
di^rent  species,  1949.  When  a  cylin- 
drical and  oonio  vault  intersect,  1950. 
When  the  centres  are  made  for  the  widest 
avenue,  1951.  For  rectangular  groins, 
1952.  When  several  vaults  meet  in  a 
eommon  centre,  1 953.  When  the  piers 
of  support  are  octangular,  1954.  Arches 
intersecting  a  coved  oieling,  1 955. 

Groins  in  masonry,  in  inclined  vaults,  1957, 
1958. 

Groins,  to  describe  parts  where  the  arches 
are  of  unequal  height,  2059.  To  describe, 
where  the  parts  are  of  equal  heights, 
2060. 

Groins,  ribs  for,  S058— 9077. 

Groove,  what,  9104. 

Grounds,  8166,  9167. 

Grounds,  value  of  labour  of,  2368. 

Grosinff  irons,  plumber's,  2212. 

Guarim,  employed  at  Prague,  365. 

Guildford  Castle^  394.  398. 

Guiloches,2817. 

Gundulpb,  introduced  ornament  to  Nor- 
man architecture,  395. 

Gutter  tiles,  1837. 

Guttering,  value  of  labour  of,  2350. 

Gymnasia  of  the  Greeks,  parts  of  them  and 
plan,  176. 

H. 

Hacking  knlfo,  glasier*s,  2226. 

Haddon  Hall,  Derbyshire^  426. 

Hadrian's  Villa,  walls  at,  1585. 

Half  paces,  in  stone  stairs,  1929. 

Hallmann,  architect  of  Hanover,  377. 

Halls:  at  Westminster ;  Chester ;  Bristol ; 
Woodstock ;  Beaumont,  in  Oxford ; 
Windsor ;  Eltham ;  Keidlworth ;  Dart- 
ington  ;  Crosby,  in  London ;  Durham  ; 
Conway ;  Raby  ;  Lumley ;  Swansea ; 
Castle  Hall,  I^eicester ;  Spoflfbrth ;  Caer- 
philly ;  Warwick  ;  second  one,  at  Swan- 
sea ;  Berkeley,  414. 

Halnacre,  in  Suffolk,  428. 

Hamelin*8  cement,  1663.  1865. 

Hammer,  bricklayer's,  1890.  Plumber's, 
2212.     Slater's,  2210. 

Hampton  Court,  Herefordshire,  483. 

Hampton  Court,  gateway  at,  427. 

Hampton  Court,  Middlesex,  palace  at,  426. 

Handlinch  House,  Wilts,  portico  at,  516. 

Handpick,  slater's,  3210. 

Handrails  and  curtail  step,  2187 — 2192. 

Handrail,  value  of  labour  of,  2368. 

Hardwick  Hall,  date  and  founder,  446. 


Harewood,  Lord,  his  bouse,  by  Garr,  514. 

Harlaxton  Hall,  Lincolnshire,  426. 

Harlech  Castle,  402. 

Harmonv  in  architecture,  2509. 

Hart,  Sir  Percival,  Lullingstone,  Kent, 
440. 

Haslerigg,  Sir  William,  elevatian  designed 
for,  by  Thorpe,  440. 

Hatched  ornament,  397. 

Hatchet,  2117. 

Hatfield  House,  445.  451, 452. 

Hatfield  Lodge,  a  plan  for,  by  Thorpe,  440. 

Hawarden  Cistle,  398. 

Hawk,  plasterer's,  2234. 

Hawksmoor,  Nicholas,  pupil  of  Wren,  ac- 
count of,  and  his  works,  499. 

Headers,  what,  1894. 

Heckington,  parochial  church  of,  421. 

Hedingham  Castle,  994.  398. 

Height  of  columns,  2543,  «f  ss^. 

Hempstead  Marshall,  finished  by  Winde, 
465. 

Hengreave  Hall,  Suffolk,  486. 

Henry  III.,  many  religious  buildings 
founded  in  his  reign,  401. 

Herbert,  Henry,  eari  of  Pembroke,  an 
amateur  of  talent,  508.     His  works,  sb. 

Hereford  Cathedral,  398.  421 .  Founders 
and  dimensions  of,  434. 

Herodes  Attious,  his  munificence  in  archi- 
tectural expenditure,  193.  Temple  of 
Neptune  in  the  Isthmus,  ib.  Theatre  at 
Corinth,  i6.  A  stadium  at  Delphi,  ib, 
A  bath  at  Hiermopybe^  ift.  An  aque- 
duct at  Canusium,  ib, 

Hever  Castle,  Kent,  486. 

Hexastyle  temples,  2528,  «<  seg. 

Hexham,  cathedral  at,  385. 

Hieroglyphics  in  Egyptian  arehiteetuf«^  86. 

Higham  Ferrers,  parochial  church  <£,  406. 
4Sl. 

High  Church,  Edinburgh,  alluded  to^  485. 

Hill  Hall,  Essex,  496. 

Hingeing,  2149—2163. 

Hinges,  different  sorts,  2258. 

Hiome,  an  architect,  Ccsip.  George  III., 
his  works,  514. 

Hip  rafter,  what,  2009. 

Hip  rafters,  8035. 

Hip  tiles,  1836. 

Hips,  to  find  back  c£,  9054. 

Hod  and  board,  slater's,  2210. 

Hod,  bricklayer's,  1890. 

Holbein,  Hans,  and  hu  design  of  White- 
hall Palace,  497. 

Holdenby,  derigned  by  Tliorpe,  for  Sot 
Christopher  Hatton,  440. 

Holkham,  2997. 

Holkham,  excellent  distributioa  of  plssi, 
2888. 

Holkham,  in  Norfolk,  by  Kent,  511. 

Holland,  architect,  temp,  George  III.,  591. 

Holland  House,  Kensington,  built  by 
Thorpe  for  Sir  Walter  Cooper,  44a  459. 

HoUow,  2532. 

Hollow  bricks,  1829. 
I    Holte,  Sir  Thomas,  gioood  plan  for,  440 
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Holte,  Tbomasy  aiehitoct  of  public  schools 
at  Oxford,  44S. 

Holy  Apostles,  ofaurcfa  ci,  at  Constan- 
tinople, S71. 

Holy  rood  Chapel,  finished  by  James  II.  of 
Scotland,  4S1. 

Hon,  of  the  Chinese,  106. 

Iluntanou,  an  architeot  of  Spain,  15th 
century,  867. 

Horse  Guards,  designed  by  Kent,  511. 

Horseheath  House,  Cambridgeshire,  by 
Webb,  465. 

Hospitals,  8973,  et  aeq.  What,  S973.  Not 
known  to  the  ancients^  S974.  Ex- 
amples of,  in  Durand*s  FmvUiU  dea 
Edi/iees,  particularly  that  at  Milan, 
2795.  Of  Greenwich  and  Chelsea, 
2796. 

Hospitium  of  a  Roman  house,  251. 

Hotel  des  InTalides  at  Paris,  359. 

Houghton  Hall,  water  .house  at,  by  Earl 
of  Pembroke,  508. 

House  of  the  Forest  of  Lebanon,  53. 

Houses,  first,  luicording  to  Vitrurius,  5. 

Houses,  first,  of  the  Egyptians,  PeruTians, 
5. 

Houses,  present,  of  the  Abyasinians,  5. 

Houses  in  the  East,  connsting  of  more 
than  a  single  story,  140.  Terrace  on 
the  tops  of  them,  ib. 

Housing,  principal  rafters,  2033. 

Howard,  Earl  of  Northampton,  present 
Northumberland  House  built  for,  442. 

Howden,  conventual  church  of,  407.  421. 

Hull,  briek  used  early  as  a  material  at, 
416. 

Hiilts,  John,  of  Colc^ne,  engaged  on  ea« 
thedral  at  Strssburg,  305. 

Human  figure,  proportioni  ci,  2394. 
Actions  oC,  SI396,  et  aeq.  Centre  of 
gravity  at,  ib.  Motion  of,  2397.  In 
running,  2398»  In  preparing  to  strike, 
2399.  In  bearing  a  weight,  2400.  In 
leaping,  8401.  In  leaning,  8402.  In 
flying  and  fidling,  2408. 

Hundred  of  lime,  bow  much,  8303. 

Hunsdon  House,  date  and  founder,  446. 

Hunsdon,  palace  at,  426. 

Hurlers,  the,  circle  of  stones  in  ComwaU, 
16. 

Hurstmonceaux  in  Sussex,  483. 

Hyperbola,  1063—1094. 

I. 

Ifley  Oxon,  parochial  church  of,  396. 

Ilyssus,  Ionic  temple,  on  the,  153. 

Imaginary  quantities,  593~  600i 

Imperial  slates,  1804. 

Irapluvium  of  a  Roman  houses  847. 

Impossible  quantities,  593 — 600. 

Imposts  and  archivolts  of  arcades,  8638. 

Inch  tool,  mason*s,  1910. 

Inclination  of  roois  in   various  «ltm#faH», 

2027— 20Sa 
Inclined  plane,  129.S — 1306. 
Indian  architecture,  similarity  oA  to  Perse- 


politan,  SS.  Sir  William  Jones's  opinion 
on,  ib. 

Indra  Subba,  column  of,  ib.  Apartment  of, 
S6. 

Indra,  temple  oS,  at  EUora,  ib. 

Infinite  decimal  firactions,  783 — 796. 

Ingelramme,  employed  cm  cathedral  of 
Notre  Dame  at  Rouen,  516. 

Inigo  Jones,  425. 

Inigo  Jones,  door  by,  8748. 

Ini^  Jones,  window  by,  8770» 

Inside  bead  of  sash  frames^  2147. 

Inside  linings  of  sash  frames^  2147. 

Insula  in  Roman  domestic  architecture, 
what,  253. 

Int^ers,  properties  of,  as  respects  their 
divisors,  540-^548. 

Interaxal  divisions  in  a  design,  2842.  Pre- 
vent fidse  bearings,  2843.  Applied  to 
the  Villa  Capra,  ib.  Great  use  in,  2844. 
Used  by  Gothic  architects,  2845.  Ob- 
ligations to  Durand  for  introduction  of, 
2846.  Number  of,  in  different  apart- 
ments, 2848.  Columns  of,  how  amuaged 
in  apartments,  2849.  Applied  in  de- 
signing churches,  8875. 

Intercolumniation,  2605,  et  Mq.  Dif- 
ferent species  ai,  ib.  Of  the  Doric  order, 
ib.  Of  the  Tuscan  order,  2606.  Of 
the  Ionic  order,  2607.  Of  the  Co- 
rinthian order,  2608.  Vignola's  prac- 
tice, 2610.  Cases  of  wide,  2613.  Arseo- 
style,  261 3.  To  be  of  equal  width,  261 4 
—2616. 

Interest,  calculation  o(  797 — 8 1  a  Solution 
of  problems  in,  811 — 815. 

Interiors  of  buildings,  beauty  o^  8504, 
2505. 

Intertie  of  a  partition,  8085. 

Invalids,  hospital  of,  at  Paris,  points  of 
support  oC  1581. 

Inverted  arches  in  foundations,  1885. 

Ionic  arcade.  2624.     With  pedestal,  2630. 

Ionic  order,  intercolumniations  oS,  8607. 

Ionic  order,  origin  o^  according  to  Vi- 
tnivius,  140. 

Ionic  order,  8573,  et  eeq,  Vignola's  pro- 
file of,  8574.  Table  of  parts  of,  ib. 
Parts  o^  to  a  larger  s^e,  8575.  Volutes 
of,  described,  2576.  Profile  of,  by  Vi- 
truvius,  2577.  By  Palla^o,  8578.  By 
Serlio,  8579.  By  Seamoxxi,  2580. 
Grecian,  principal  examples  of,  2581. 
In  the  temple  on  the  Ilyssus,  ib. 
Table  of  the  parts  in  the  temple  on  the 
Ilyssus,  ib. 

Ionic  order  of  the  Greeks,  height  of  its 
oolunms,  154.  Entablature,  ib.  Bases 
of,  156.     Volute  of,  157. 

Ionic  order  of  the  Romans,  260.  Table  of 
examples,  ib.  General  proportion  of, 
861. 

Ipswich,  college  at,  ^26. 

Irish,  a  colony  of  the  first  race  of  people,  1 1 . 

Iron,  1754—1780.  Three  species  of  the 
ore,  1755.  Mode  of  smelting,  1756 — 
1759.     Manu&cture  of  bar  iron,  1760, 
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1761.  Malleable  iron,  1762.  FoundiAg, 
1764 — 1766.  Security  for  supporting 
weight,  1767.  Soft  grey,  best  sort,  1 768. 
Test  of  goodness  of  cast,  1 769.  Varies 
in  strength,  1770.  Transverse  strength 
o^  1771—1774.  Points  relative  to 
loads  on  beams  of,  1775—1777.  Co- 
hesive strength  of,  1779,  1780.  Weight 
of  cast  and  bar,  1780. 

Ironmonger's  work  in  specifications,  8886. 

Ironmongery  and  smithery,  8253. 

Ironwork,  bow  preserved  irom  action  of 
moisture,  S864. 

Irrational  numbers,  583 — 598,  601---605. 

Irrational  powers,  expressed  by  infinite 
series,  718 — 718. 

Irrational  quantities,  calculation  of,  693 — 
698. 

Italian  architecture,  383,  el  $eq. 

Italy,  principal  cathedrals  dS,  and  their 
dates,  318. 

Ivan  IV.  of  Russia,  a  great  patron  of  the 
arts,  375. 

Ivan  Valiki,  celebrated  clock  tower  in 
Moscow,  375. 

Ivara,  Filippo,  a  very  celebrated  architect 
of  Spain,  378. 

J. 

Jacchetti,  a  pupil  of  Ivara,  a  Spanish  arehip 
tect,  378. 

Jack  plane,  plumber^s,  8218. 

Jack  rafters,  2085. 

James,  John,  an  architect  of  reputation« 
temp,  George  I.,  505. 

Jammet,  Mons.,  house  at  Pftris,  design  for, 
by  Thorpe,  44a 

Jannin  House  near  Paris,  design  for,  by 
Thorpe,  44a 

Jansen,  Bernard,  an  architect,  temp. 
Elizabeth,  448. 

Jedburgh  Abbey,  431. 

Jerusalem,  temple  of,  constructed  by 
Solomon,  described ;  curious  notion 
about,  of  Villalpanda,53.  A  small  build- 
ing, ifr.     Its  columns,  it. 

Jib  door,  what,  8130. 

JofRred,  abbot  of  Croyland,  398. 

Joggles  in  carpentry,  8009. 

Joggles  in  stone  stairs,  1 987. 

John  of  Gaunt*8  gateway  at  Lancaster 
Castle,  416. 

John  of  Padua  and  his  foUowers,  485. 

John  VI.  (Pope),  arts  under,  881. 

Joiner's  work  and  mode  of  measuring, 
value  of  labour  oi,  8351 — 8369. 

Joinery,  articles  valued  by  running  fioot, 
value  of  labour  of,  8868. 

Joinery,  8100,  et  eeq.  Defined,  810a 
Tools  used  in,  8108—8184.  Mouldings, 
3186 — 8189.  Wood  used  for,  8184. 
Doors,  8130—8145.  Shutters,  8146— 
8148.  Hingeing,  8149—8163.  Sash 
firames  and  sashes,  81 64 — ^21 65.  Grounds, 
8166,  SI67.  Floors,  8168 — 8173. 
Framing,  8174,  8175.     Stairs,  8176— 


8186.  Handrails  and  curtail  steps. 
8187—3198.  Formation  of  bodies  by 
joining  them  with  glue,  8193 — ^8808. 

Jointer,  bricklayer's,  1890. 

Jointing  rule,  1890. 

Joists.     See  under  their  several  heads  of 
*<  Ceiling,"  *<  Binding,**  Bridging,  ••  THro- 
ming,"  **  Common,"  &c 

Jones,  Inigo,  account  o^  and  his  works,  454 
— 464,  inclusive. 

Julian  patronised  the  art,  and  extent  of  his 
patronage,  803. 

Juno,  Ionic  temple  o^  at  Samos,  153. 

Jupiter  Olympius,  temple  of,  in  Sicily,  de- 
scribed generally,  148. 

Jupiter  Panhellenius,  temple  oC  at  Egina, 
146. 

Jupiter  Stator,  Corinthian,  temple  o^  in 
the  Campo  Vaocino  at  Rome,  808. 

Jupiter,  temple  of,  at  Olympia,  an  early 
temple,  141. 

Jupiter  Tonans,  Corinthian  temple  o£,  at 
Rome,  209. 

Justin,  architecture  under,  8751. 

Justinian,  architecture  under,  271.  His 
architects,  Anthemius  and  Isidore,  A. 
Restored  Bysantine  palace,  ift.  Forti- 
fications in  Europe  and  Asia,  tib. 

Kailaca,  temple  oC  at  Ellora,  56. 
Keddlestone  House,  Derbyshire,  by  Adam, 

517. 
Keddlestone,  in  Derbyshire,  fonn  of,  8996. 
Keep  of  a  castle,  what,  394. 
Kelso  Abbey,  431. 

Kelston  House,  date  and  founder,  446. 
Kenilworth  Castle,  396.  414. 
Kenilworth,  large  sum  spent  on,  by  Lord 

Leicester,  438. 
Kenilworth  House,  date  and  finmdcr,  446. 
Kenilworth,  palace  at,  483. 
Kenninghall,  Norfolk,  mansion  at,  486. 
Kennington,  palace  at,  483. 
Kent,   William,   architect,    temp.    George 

IL,511.     His  works,  tft. 
Kent,  window  by,  8778. 
Kcrrich,  Mr.,  his  opinions  on  pointed  archi- 
tecture, 308.    On  Milan  Cathedral,  318. 
Kief,  church    built    at,    in  the    time   of 

Vladimir,  375.     Convent  of  Peteborsky, 

•ft. 
Killing  knots  in  painting,  8868. 
Kiln  burnt  bricks,  1817. 
Kimbolton,  Hants,  palace  at,  486. 
Kingpost,  8031. 

King's  Colleoe,  Cambridge,  8904. 
King  closer  defined,  1896. 
King's  Langley,  Herts,  palace  at,  486. 
Kirby,    John,     house    for,    designed    by 

Thorpe,  440. 
Kirkham  in  Yorkshire^  conventual  diurdi 

of,  481. 
Kirkstal,  convental  church  oC  48. 
Kit's  Cotty    House,   between 

and  Roohester,  83. 
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Knob  glass,  1870. 
Knots  in  painting,  to  kill,  2368. 
Knowle  House,  date  and  founder,  446. 
KoiAoy   or  cayea   of  the  Greek    theatre, 

172. 
Kremlin  at  Moscow  founded,  375. 


Labra  of  the  Roman  baths,  2S5. 

Laoonicum  of  the  Roman  baths,  235,  236. 

Ladies*  slates,  1807. 

Ladles,  plumber's,  2212. 

lAke  Albano,  small  building  at,  niches  in, 

2775. 
Lancaster   Castle,  398.    John  of  Gaunt*s 

gateway  at,  416. 
Lancet,  Gothic,  origin  of  the  term,  405. 
Lancet-headed  windows,  why  so    called, 

303. 
Landings  in  stone  stairs,  1929. 
Laneroost,  conventual  church  o£,  407. 
Langhans,  a  German  architect,  366. 
Lansdowne  House,  Berkeley  Square,   by 

Adam,  517. 
Lap  of  a  slate,  2211. 
Ijapo»  an  early  German  architect,  365. 
Lararium  of  a  Roman  house,  253. 
Lastringham,  capital  from,  390. 
Latches,  different  sorts,  2262. 
Lathing,  2238. 

Lathing  hammer,  tiler's,  1906. 
Lathing  staff,  tilers,  t6. 
Lath  layed,  plastered,  and  set,  2241. 
Laths,  for  tUing,  230U  2302. 
Laths,  pksterer's,  different  sorts,  2238. 
lAtterkin,  glazier's,  2228. 
Launceston  Castle,  398. 
Lavatio,  frigida  et  caUda,  of  the  Greek 

gymnasium,  175. 
Lavenham,  parochial  church  of^  421. 
Law  courts.     See  ^  Courts  of  Xaw.** 
Laws  relating  to  building.  Appendix,  p. 

819,  ei  seg. 
Layer  Mamey,  Essex,  426. 
Laying,  plasterer's,  2239. 
Lead,   1781—1786.     Heaviest  of  metals 

except  gold  and  quicksilver,  1781.   Spe- 

ci6c  gravity,  &c.,  ib.     Not  altered  by 

exposure  to  air  and  water,  1782.   Of  two 

sorts,  cast  and  milled,  1 783,  1 784.  Manu- 

fiictureofmilled  lead,  1784.  Thicknesses 

and  weights  of  sheet  lead,  1785.     Pipes 

of,  ib.     For  glaziers,  1786. 
Leases  on  lives.  Appendix,  884. 
Lebrun,   M.,   his  analysis    of  loads  and 

weights  of  an  order,  2524. 
Lebrun's  theory  as  respects  arcades,  2618, 

2619. 
Leicester,  Rcnnan  wall  at,  382. 
Le  Mercier,  a  French  architect  of  talent, 

359. 
Leo  the  Isaurian  destroys  statues,  272. 
Leon^  in  Chinese  architecture,  described, 

100. 
Lescot,  one  of  the  early  French  architects, 

357,  358. 


Lescot's  works  at  the  Louvre,  358. 

Letters,  transposition  o^  for  powers  of  com- 
pound quantities,  707 — 7 1 1 . 

Le  Veau,  a  French  architect,  engaged  on 
the  Tuileries,  357. 

Le  Veau,  Louis,  associated  with  Perrault 
in  building  the  Louvre,  359. 

Level,  brickkyer's,  1890. 

Lever,  properties  of,  1265 — 1269. 

Lias,  blue,  1 843. 

Libraries.     See  "  Public  Libraries." 

Lichfield  Cathedral,  421.  Founders  and 
dimensions  of,  434. 

Light,  area  o^  in  Pantheon  at  Rome,  2747. 

Lighthouses,  2924,  et  m^.  Built  at  an 
early  period,  2925.  Jacob  Bryant  on, 
2926.  Pharos  of  Alexandria,  2927. 
Of  Corduan,  2929.  Edystone,  2930. 
North  Foreland,  2931. 

Lights,  leadwork  for,  2227. 

Ligorio,  Pirro,  architect  of  the  Villa  Pia 
at  Rome,  345. 

Lime,  measures  of,  2303. 

Lime,  1840— 1857.  What,  1840.  Varie- 
ties  of  limestone,  1841,  1842.  Dorking 
and  Merstham  lime,  1843.  Lias  of  So- 
mersetshire, t6.  Of  Sunderland,  ib. 
South  Shields,  ib.  Brown  most  esteemed, 
1 844.  Limestone,  how  to  analyse,  1 845. 
Burning,  1846,  1847.  Best  that  which 
heats  most  in  slaking,  1849.  Use  of 
fresh,  1850.  Limestones  examined  by 
Smeaton,  1851.  Forming  mortar  from, 
1852 — 1857.  Proportion  of,  to  sand, 
1853. 

Lincoln  Castle,  394.  398. 

Lincoln  Cathedral,  396.  406.  421.  Found- 
ers and  dimensions  ot,  434. 

Lindisfiume,  church  built  at,  388. 

Line  pins,  bricklayer's,  1 890. 

Linings,  value  of  labour  of^  2368. 

Listel  or  annulet,  2532. 

Llanphey  Court,  castellated  palace  at,  413. 

Llantony,  conventual  church  of,  398. 

Loads  and  supports  in  an  order,  equality 
of,  2524.  Principles  of  proportion  for 
the  orders,  2525,  et  $eq.  In  tetrastyle, 
hexastyle,  and  octastyle  temples,  2528. 
Concordance  with  the  laws  given  by  Vi- 
truvius,  2529.  Ancient  examples  of, 
2531.  Principles  applied  to  points  of 
support,  ib. 

Look  rails  of  a  door,  2130. 

Locks,  different  sorts,  2261. 

L<^^  or  rocking  stones,  celebrated  one  in 
Cornwall,  25. 

Logarithmic  tables,  639,  640. 

Logarithms,  632 — 638.  Method  of  ex- 
pressing, 641 — 654. 

AoytuMf  of  ihe  Greek  theatre,  172. 

Lomazio,  his  work  translated  into  English, 
438. 

Lombards,  overrun  Italy,  their  civilisation 
and  works,  28a 

London  buildings,  commission  temp. 
James  I.  to  prevent,  on  new  foundations 
457. 
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Longford     Outle,     WHtB,    derigned    by 

Thorpe,  440.  452. 
Longleat  House,  date  and  founder,  446. 
Long  Meg  and  her  daughters,  circle  o(,  in 

Cumberland,  16. 
Loriot't  cement,  1 865. 
Lorsch,  convent  of,  283. 
Louis  XIL,  of  France,  acquainted  with 

the  arU  of  Italy,  358. 
Louis  XIV.,  extravagances  of  style  under 

the  reign  of,  reprobated,  2604.     Works 

of  architects  under,  359. 
Louvain,  town  hall  at,  2897. 
Louvre  and  Vieux  Louvre,  Paris,  lighting 

of,  2916. 
Louvre,  &fade  of,  359.  2613. 
Lowth,  parochial  church  of,  421 . 
Lozenge  ornament,  397. 
Ludlow  Castle,  394.  398. 
Ludlow,  parochial  church  €»i,  408.  421. 
Lullingstone,  Kent,  deugn  for,  by  Thorpe, 

440. 
Lunettes,  what,  1955. 
Lunghi  Onorio,  342. 
Luxor  (Egypt),  temple  at,  81. 
Lyons,  hospital  at,  2887. 
Lysiciates,  choragic  monument  of,  163. 

M. 

Macbuca,  a  Spanish  architect  of  the  age  of 

Charles  V.,  368. 
Madrid,  palace  at,  368. 
Madurah,  tchoultry  or  inn  at,  and  temple 

there,  61. 
Maestricht,  town  hall  at,  2897. 
Magdalen  College,  Oxford,  chapel,  421. 
Mahadeo,  temple  of,  at  EUora,  56. 
Maidstone,  parochial  church  of,  408.  421. 
Maison  Carrie,  niches  at,  2775. 
Maison    Carrce,  temple  at    Nismes  (Co- 
rinthian), 212. 
Mallet,  mason's,  1 909. 
Mallet,  plumber's,  2212. 
Manchester  College,  421 
Manorial  houses,  of  timber,  short  account 

of,  439. 
Mansard  roof,  2035. 
Mansarty    Jules    Hardouin,    architect    in 

France,  temp,  Louis  XIV.,  359. 
Mansions,  few  of  the  Tudor  age  now  exist, 

429. 
Marble    Hill,   Twickenham,  by    Earl    of 

Pembroke,  508. 
Marble,  what,  1673.      External  characters 

and  constituent  parts,   1674.      May   be 

burnt  into  quicklime,  1675.      Diflferent 

varieties  of  ancient  and  modem,  1676 — 

1683. 
Margins  of  the  xystus,  175. 
Marl  stocks,  1821. 
Marsh,  an  architect  mentioned  by  Vertue, 

465. 
Mars  Ultor«  Corinthian  temple  of,  at  Rome, 

210. 
Martinelli,  employed  in  Germany,  365. 
Mason's  work,  in  specifications,  2284. 


Mason's  work,  how  measured,  2370.  Values 
of  labour  <d,  2373. 

Masonry,  1909—1956.  What,  1909.  Tools 
used  in,  1909,  1910.  Stone  walling, 
1916 — 1924.  Footings  of  stone  walk, 
1916.  Foundations  of  same,  1917. 
Rubble  walls,  ib.  Ashlar  fiicing, 
1918,  1919.  Columns,  1925.  Stairs, 
1926 — 1929.  Geometrical  stairs,  1927 
.^1929,  Scientific  operations  of  stone> 
cutting,  1930,  et  Mq.  Construction  of 
arches  and  simple  vaults,  and  their  groins, 
1 93 1 .  To  draw  elliptic  arch  and  find  the 
joints,  1934—1937.  To  draw  Gothic 
arch  and  find  joints,  1938—1941.  To 
draw  rampant  Gothic  arch  and  find  the 
joints,  1 943.  Construction  of  intersecting 
vaults  and  groins,  1944,  et  teq.  Dome 
vaulting,  1956,  tt  ttq. 

Masques,  decorations  for,  designed  by  Inigo 
Jones,  460. 

Masskai  Palace,  arcade  at,  2635. 

Materials,  crushing  weight  of,  1500. 

Mathematics,  generally  defined,  523. 

Mattel  Palace  at  Rome,  windows  at,  2758. 

Mausoleum  of  King  John,  Portugal,  321. 

Mayence,  cathedral  oi,  287, 288. 

Measuring  and  estimating,  2295,  tt  »eq. 

Measuring  brickwork,  2295,  «f  teq. 

Measuring  digging,  2298. 

Measuring  rule,  plumber's,  2212. 

Measuring  tiling,  2301,  et  seg.,  S3 16. 

Mecca,  houses,  how  built,  131. 

Mechanical  arts,  not  absolutely  necessary 
to  progress  of  architecture,  9. 

Mechanical  carpentry,  1 598 — 1635.  Woods 
used  in,  1593 — 1595.  Weights  of  wood 
in  the  same  tree,  1597.  Timber,  experi- 
ments  on,  1598,  et  eeq.  Cohesive  forctf 
of  timber  in  direction  of  its  length,  1 598. 
Strength  of  wood  in  an  upright  position, 
1600—1602.  Horixontal  pieces  of  tim- 
ber, 1 603 — 1 61 3.  Tables  of  experiments 
on  timber,  1 6 1 3—1 624.  Tables  applied 
to  other  timber  besides  oak,  1624 — 1635. 
Method  of  using  tables  for  boiiaooud 
timbers,  1625,  1626.  The  same  for  ver- 
tical bearing  timbers,  1627—1629.  The 
same  for  obtaining  tiie  absolute  or  co- 
hesive strength,  1630 — 1632.  Strength 
of  timbers  in  an  inclined  porition,  163S 
—1635. 

Mechanics  and  statics,  general  observaticHis 
and  definition,  1240—1243.  Parallelo- 
gram of  fiirces,  1244 — 1259.  Of  the 
lever,  1260 — 1265.  Centre  of  gravity, 
1 266 — 1 268.  Centre  of  gravity  of  lines, 
1 269—  1 274.  Centre  of  gravity  of  sur- 
fiices,  1 275 — 1 280.  Centre  of  gravity  of 
solids,  1281—1290.  Centre  of  gravity 
of  irregular  solids,  1 291 ,  1 292.  Of  the 
inclined  plane,  1293—1306.  Of  tiie 
wheel  and  axle,  1307 — 1314.  Of  the 
pulley,  1315—1320.  Of  the  wedge, 
1.321—1323.  Of  the  screw,  1324 — 1330. 
Of  friction,  1331—1341.  Values  of 
moving  powers,  1342 — 1352. 
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Medicean  Library  at  FloreDce»  2910. 

Melrose  Abbey,  431. 

Melton  Mowbray,  parochial  church  ij^f 
421. 

Melton,  parochial  church  at,  398. 

Members,  what,  2129. 

Memnonium,  statues  otf  described,  85. 

Menilmontant,  abattmr  off  at  Paris,  dcs 
scribed,  2935. 

Mensuration,  defined,  1212,  1213.  To 
find  the  area  of  a  parallelogram,  1214. 
To  find  the  area  of  a  triangle,  1215.  To 
find  the  area  of  a  trapezoid,  1216.  To 
find  the  area  of  any  trapexiura,  1217. 
To  find  the  area  of  an  irregular  polygon, 
1218.  To  find  the  area  of  a  regular 
polygon,  1219.  To  find  the  diameter 
and  circumference  of  a  circle,  1220.  To 
find  the  length  of  any  arc  of  a  circle, 
1221 .  To  find  the  area  of  a  circle,  1 222. 
To  find  the  area  of  a  circular  ring,  1 223. 
To  find  the  area  of  the  sector  of  a  circle, 
1224.  To  find  the  area  of  the  segment 
of  a  circle,  1225.  To  find  the  area  of  an 
ellipse,  1227.  To  find  the  area  of  a 
parabola  or  its  segment,  1228.  Of  solids, 
1229—1239.  To  find  the  superficies  of 
a  prism,  1231.  To  find  the  surfiice  of  a 
pyramid  or  cone,  1232.  To  find  the 
sur&ce  of  the  frustum  of  a  pyramid  or 
cone,  1233.  To  find  the  solid  content  of 
any  prism  or  cylinder,  1234.  To  find 
the  content  of  any  pyramid  or  cone,  1 235. 
To  find  the  solidity  of  the  frustum  of  a 
cone  or  pyramid,  1236.  To  find  the  sur- 
fiuse  of  a  sphere  or  any  segment,  1237. 
To  find  the  solidity  of  a  sphere  or  globe, 
1238.  To  find  the  solidity  of  a  spherical 
segment,  1239. 

Merab,  extraordinary  reservoir  of,  118. 

Mereworth,  in  Kent,  by  Campbell,  504. 

Mereworth,  yilla  at,  3000. 

Merton  College  Chapel,  Oxford,  421. 

Meta  of  the  Roman  circus,  240. 

Metop«,  origin  of,  135. 

Meulan,  Waultier  de,  employed  on  abbey 
of  Bee  in  Normandy,  310. 

Mexican  pyramids,  111,112.    . 

Mexico,  city  of^  described  genendly,  117. 

Mews,  late  at  Charing  Cross,  arcade  at, 
2635. 

Miao,  or  idol  temples  in  Fekin  and  en- 
Tirons,  104. 

Michel  Angelo,  door  by,  2740. 

Michelozzo,  pupil  of  Bnwelleschi,  323. 

Middleburg,  in  Yorkshire,  423. 

Middleham  Castle,  398. 

Middle  panels  of  a  door,  2130. 

Middle  rails  of  a  door,  2130. 

Middle  stiles  of  a  door,  2130. 

Milan,  cathedral  at,  described,  318.  322. 

Milan,  hospital  at,  2975. 

Milan  theatre,  2958 — ^2967. 

Military  architecture,  from  Edward  III.  to 
close  of  York  and  Lancaster  contention, 
413. 

Milled  lead,  1783. 


Milton  Abbey,  Dorset,  conventual  church 

o^  407. 
Minaret,  introduced  by  Alwalid  II.,  119. 
Minerva  Medica,  temple  of,  at  Rome,  214. 
Minerva  Polias,  Ionic  temple  of,  at  Athens, 

153. 
Minerva  Polias,  Ionic  temple  of,  at  Priene, 

153. 
Minerva,  temple  of,  at  Sunium,  150. 
Ministers,  English,  care  little  about  the 

arts,  364. 
Mint,  at  Paris,  2887. 
Mint,  at  Venice,  by  Sansovino,  351. 
Minyas,  kingof  Orchomenus,  treasury  of,  37. 
Mitla,  palace  of,  in  the  district  of  Oaxaca, 

115. 
Mitre  box,  2122. 
Mitre  Square,  2124. 
Modillions,  centres  of,  2612—2614. 
Module,  what,  2550. 
Moenianum  of  an  amphitheatre,  228. 
Mondragone,  arcade  at,  by  Vignola,  2640. 
Montague  House,  now   British  Museum, 

466. 
Montague   House,   Portman    Square,   by 

Stuart,  516. 
Montecchio  Villa,  cornice  of,  2725. 
Monument  of  London,  2603. 
Monument  of  London,  description  of,  and 

cost,  486. 
Monuments,    sepulchral,    of    Elizabethan 

architecture,  449.     Of  Ratcliffe,  earl  of 

Surrey,  ib.     Of  Dudley,  earl  of  Leicester 

at  Warwick,  ih.    Of  Carey,  Lord  Huns- 
don,  ib.     Under  James  I.,  458. 
Mora,    Giovanni    Gomez    de,    succeeded 

d'Herrera  at  the  Escurial,  371. 
Morard,   abbot  of  St.  Germain  des  Pres, 

289. 
Morecroft,    Dr.,    architect    mentioned   in 

Salmon's  account  of  Essex,  466. 
Moresque  or  Arabian  architecture,  1 1 8,  e/ 

teq.f  272.     Decline  o^  1 28. 
Mortar,  1852 — 1857.      Mode  of  making, 

1852.       Blue,    1855.       Ashes    mortal, 

1856.     Scales  of  iron  in,  1857.      Liquid 

or  grout,  1860. 
Mortar  and  plaster,  adhesive  power  of,  upon 

stones  and  bricks,  1494 — 1499. 
Mortar  beds,  should  be  thin,  1900. 
Mortise  gauge,  21 20. 
Mortises,  2008. 

Morton  Hall,  representation  of,  439. 
Moscow,  an  insignificant  village  in  1154, 

375.     Capital  ofthe  empire  in  1304,  t6. 
Mosque,  first  erected  out  of  the  limits  of 

Arabia,  119. 
Motion,  centre  of,  1241. 
Mould,  bricklayer's,  1890. 
Mould  Greswold,  parodiial  church  of,  421. 
Mouldings  in  joinery,  2126—2129. 
Mouldings,  Roman,  contours  of,  268. 
Mouldings,  wood,  value  of  labour  of,  2368. 
Mouldings,    ovolo,    echinus,     or    quarter 

round,  2532.     Talon  or  ogee,  ib.  Cyma, 

cyma  recta,  or   cymatium,  ib.      Torus, 

ib,      Scotia  or  trochilos,    i6.     Cavetto, 
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mouth  or  hollow,  tft.  Casement,  i6. 
Astragal,  bead,  or  baguette,  ib.  Fillet, 
lUtel,  or  amulet,  t6.  Proper  places  of 
mouldings,  253S.  Their  contours,  how 
to  describe,  2534.  Ornaments  ci,  8535. 
How  they  should  be  arranged,  ib. 

Mount  Surrey,  near  Norwich,  mansion  at, 
486. 

Mouth  or  hollow,  8538. 

Mi^elibe,  Babylon,  to  what  applied,  39. 
Description  of,  39.  41. 

Multiplication  of  simple  quantities,  587-— 
531. 

Munich,  Glyptotek  and  Pinacotek,  8918. 

Museums,  8913,  cf  Mf.  That  founded  by 
Ptolemy  Philadelphus,  8913.  Becoming 
common  in  this  country,  2914.  Mode 
of  lighting,  8915,  8916.  Containing 
several  classes  of  objects,  8917.  Vatican, 
2918.  British  Museum,  8918.  Uffisi 
at  Florence,  ib,  Portici,  ib.  Paris,  ib. 
At  Munich,  ib.  Form  for  general  dis- 
tribution, 8919. 

Myienae,  walls  oC  were  Cyclopean,  28.  30. 
33,  34.      Treasury  at,  36. 

Mylne,  Robert,  architect,  temp,  George 
III.,  581. 

N. 

Nail  head,  ornament,  397. 
Naked  flooring,  201 3.  How  measured,  8334. 
Napoleon  column,  at  Paris,  8603. 
Naumann,  a  German  architect,  366. 
Nebuchadnexsar's    prison,    same    as    Birs 

Nemroud,  40. 
Nebule,  ornament,  397. 
Negative  powers,  resolved,  7 19-— 786. 
Nerta  Chabei,  or  temple  of  joy  and  eternity, 

58. 
Netley  Abbey,  conventual  church  of,  407. 
Neuman,  a  Gennan  architect,  365. 
Neville,  Sir  Henry,  house  designed  for,  by 

Thorpe,  440. 
Newark-upon- Trent,  parochial  church  o^ 

481. 
Newcastle,  duke  of,  house  for,  in  Lincoln's 

Inn  Fields,  465. 
Newcastle-upon-Tyne  Castle,  394.  398. 
New  College  Chapel,  Oxford,  481. 
Newel  of  stone  stairs,  open  and  solid,  1 986. 
Newgate  prison,  built  by  Dance,  581. 
New  Grange,  near  Drogheda,  in  Ireland,  35. 
New  ^loreham,  parochial  church  at,  398. 
Niche,  to  form,  in  joinery,  8197. 
Niches  and  statues,  2773,  cf  weq.      Niches 

not  found  in  early  Greek  works,  8774. 

At    the     Maison     Carr^    and    other 

places,  8775.     Their  decorations,  2776. 

Rules  ^r  proportioning,  2777.    Tiers  of, 

in  stories,  8778      Chambers's  rules  for 

niches,  ^79.   Depth  o^  2780.  Examples 

of,  2781—2787. 
Niches,  brick,  1905. 
Niches,  coastruction  of,  in  carpentry,  2066, 

2067. 
Nidging,  iu  masonry,  1915. 


Nilometer,  opponte  the  rocks  of  E'Sooan, 
91. 

Nonsuch,  Surrey,  palace  at,  486. 

Norba,  Cyclopean  remains  at,  32. 

Norman  and  Saxon  styles,  difference  be- 
tween, 397. 

Norman  architecture,  383.  392,  H  say. 
Characteristics  of,  397.  Examples  oC 
398. 

Norman  bishops,  and  their  works,  396. 

Norman  cathedrals,  396. 

Norman  churches,  290. 

Norman  columns,  397.  Arches,  ib.  Ardiea 
of  entrance,  t6.  Windows,  ib,  CielingSa 
ib.   Walls,  ib.    Ornaments,  ib.    Plans,  A. 

North  Foreland  lighthouse,  8931. 

Northumberland  House,  by  Chrismas  and 
Jansen,  448. 

Norwich  Castle,  393,  394. 

Norwich  Cathedral,  398.  481.  Founden 
and  dimensions  ot,  434. 

Nosing  of  stairs,  2180. 

Notre  Dame  de  bonnes  Nouvelles,  at  Or- 
leans, church  oi,  289. 

Nottingham  Castle,  423.  Works  by 
Mai^,  466. 

Nubia,  temples  and  renuuns  <d,  92. 

Nymphsea  Lotus,  or  water-lily,  source  of 
Egyptian  ornament,  87. 

O. 

Observatories,  2990,  et§eq.  At  Paris,  8920. 
A  regular  observatory,  what,  8921.  That 
at  Edinburgh  described,  t6.  Piers  o^ 
how  constructed,  8928.  That  of  Sir 
James  South,  ib.  Situations  ot,  should 
be  dry,  2923. 

Observatory  at  Paris,  built  by  Pemult,  359L 

Octastyle  temples,  2528,  et  §eq, 

Odilo,  abbot,  commenced  cathedral  at 
Chartres,  289. 

Odoacer,  annihilation  of  the  arts  oo  invasioa 
oft  276—878. 

CEcus  of  a  Roman  house,  858.  Several 
species  of,  t6.     That  called  cyxioene,  ib, 

(Eillet  holes,  at  Carnarvon  Castie,  408. 

Offices  of  government.  **  See  Govenunent 
Offices." 

Ogee,  8189. 

Old  Louvre,  windows'from,  2760. 

Old  Somerset  House,  ground  plan,  440. 

Olotzaga,  an  early  architect  of  Biscay,  367. 

Oppenheim,  church  at,  dedicated  to  St. 
Catherine,  described,  304. 

Orchestra,  of  a  Roman  theatre,  286.  Of  the 
Greek  theatre,  178. 

Order,  Tuscan.  See** Tuscan  Order.**  Doric, 
see  "Doric  Order." 

Orders  above  orders,  8648,  el  teq,  Vitru- 
vius  thereon,  8643.  Scamosxi's  rule, 
2644.  Lawsofsolidity  respecting,  8645. 
Axes  of  upper  and  lower  columns,  how 
placed,  2646.  Disposition  of,  accordin|^ 
to  Chambers,  2647,  ei  seq.  Doric  above 
Tuscan,  2648.  Ionic  above  Doric.  2649. 
Corinthian  above   Ionic,  2650.      Com- 
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posite  aboYe   Corinthian,   2651.      Most 
eligible  intercolumniations,  2652. 

Orders,  character  of  the  diflTerent,  25S8,  et 
seq,  Doric,  Ionic,  and  Corinthian,  2539. 
Sir  Henry  Wotton's  description  of  them, 
2540.  Inyention  of  new  ones^  2541. 
Entablatures,  height  of,  in  2542. 

Orders,  mode  of  measuring  them,  2550. 
Application  of,  2552. 

Orders  of  architecture,  2523,  et  »eq.     Con- 

■  sist  of  essential  and  subservient  parts, 
S523.  Are  five  in  number,  i6.  Mode  of 
profiling  an  order,  ih.  Lebrun's  analysts 
of  loads  and  supports  in  an  order,  2524. 
Principles  of  proportion  as  to  loads  and 
supports,  2525,  et  aeq,  Systylos  inter- 
columniation  produced  by  such  prin- 
ciples, 2527.  Principles  of  load  and  sup- 
ports carried  into  tetrastyle,  hexastyle, 
and  octastyle  temples,  2528,  et  »eq.  Con- 
cordance thereof  with  the  laws  given  by 
Vitrurius,  2529.  Ancient  examples  of 
different  orders  in  verification  of  the 
theory,  2531.  Principles  applied  to 
points  of  support,  t6.  Tuscan,  255S.  Do- 
ric, 2560.  Ionic,  2573.  Corinthian,  2582. 
Composite,  2591. 

Orford  Castle,  398. 

Orgagna,  loggia  of,  at  Florence,  plan  and 
elevation,  327. 

Oriel  window,  where  used  in  halls,  415. 

Orleans,  churches  at,  289. 

Ornament,  a  non-essential  in  architecture, 
2826. 

Ornamented  English  architecture,  409,  ei 
uq.  Subdivided  into  two  an'as,  410. 
Flourished  notwithstanding  civil  wars, 
411.  Characteristics  o^  420.  Examples 
of,  421. 

Ornaments  of  mouldings,  how  to  arrange, 
2535.  How  to  be  cut,  2536.  Degree 
of  relief  they  should  have,  2537. 

Ornaments  of  the  Grrecian  edifices  suitable 
to  their  destination,  164. 

Orvieto,  cathedral  at,  318. 

Osterley  House,  date  and  founder,  446. 
Anecdote  relating  to,  447. 

Ostiarius,  of  a  Roman  house^  where  sta- 
tioned, 246. 

Osymandyas,  tomb  of,  according  to  Dio- 
dorus,  85. 

Outline,  the  fundamental  principle  of  draw- 
ing, 2386. 

Outside  linings  of  sash  frames,  2147. 

Outside  stiles  of  a  door,  2130. 

Ovens,  &c.,  how  measured,  2314. 

Ovolo,  2129.  Echinus  or  quarter  round, 
2532. 

Oxford  Castle,  394.  398. 

Oxford,  palace  at,  423. 

Oxford,  public  schools  of,-  designed  by 
Holte,  444.  First  who  introduced  the 
classiod  orders,  444.  451. 

P. 
Packing,  in  masonry,  1921. 


Psstum,  great  hyparthral  temple  of,  149. 

Page,  Sir  Gr^o^,  house  for,  at  Black- 
heath,  by  James,  505. 

Pbgodas,  or  Chinese  towers,  that  of  Nan- 
king described,  105.  That  of  Honang, 
in  tibe  southern  suburb  of  Conan,  at  Can- 
ton, described,  104. 

Paine,  an  architect,  temp,  George  III.  His 
works,  514. 

Painter's  tools,  2268. 

Painter's  work,  in  specifications.  229a 

Painter's  work,  method  of  estinuiting,  2379. 

Painting  and  sculpture,  intimately  con- 
nected with  architecture,  68.  Much 
used  in  ornamented  English  architecture, 
412. 

Painting,  coats  in,  how  laid,  2268. 

Painting,  gilding,  and  paper-hanging,  2267 
—2278 

Painting,  in  Egyptian  architecture,  86. 

Paintings  on  walls,  as  decorations,  2519. 
2522. 

Palace  at  Westminster,  423.  At  Oxford, 
i&.     At  Woodstock,  ib.      Kensington,  ib. 

Palaces,  2877,  et  seq.  That  of  Caserta  de- 
scribed, 2877,  2878.  That  designed  by 
Jones  for  Whitehall,  287  9, 2880.  TuUeries 
and  Louvre,  design  by  Bernini,  2881. 
Proper  sites  for,  2882. 

Palaces  of  Florence,  358,  Of  Rome,  343, 
344. 

Paliestra  of  the  Greek  gymnasium,  175. 

Palatial  houses,  list  of  Elizabethan,  446. 

Palazzo  della  Cancelleria,  at  Rome,  335. 

Palazzo  Famese,  at  Rome,  335.  Elevation 
of,  343. 

Palermo,  cathedral  at,  819 

Palladian  school,  in  England,  464. 

PaUadio,  Andrea,  some  account  o£,  and  his 
works,  352 — 354. 

Palladio,  window  by,  2761.  2765,  2766. 

Palm-tree  leaf,  used  in  Egyptian  ornament, 
and  the  supposed  peculiarity  of  the  tree, 
87. 

Palmyra,  extraordinary  structures  at,  196, 
197.     Niches  at,  2775. 

Pandolfini  Palace,  cornice  of,  2725.  Win- 
dow, at  2767. 

Pandolfini,  Palazzo,  at  Florence,  329.  Ele^ 
vation  of,  ib, 

Pandoo  Koolies,  of  Hindostan,  what,  12., 

Panels  of  a  door,  21  SO. 

Pansa,  house  o^  at  Pompeii,  description 
and  plan,  253. 

Pantheon  at  Rome,  262.  2547.  Lighted 
from  a  very  small  aperture,  2747. 

Pantheon,  niches  at,  2775.  2779.  2787. 

Pantheon  of  the  f^urial,  sepulchres  of 
kings  of  Spain,  371. 

Pantheon  or  church  of  St  Gen6vieve  at 
Paris,  361. 

Pantheon,  Paris,  points  of  support  of,  1581. 

Pantheon,  temple  so  called  at  Rome,  215, 
216. 

Pantiles,  1838. 

Pantiles,  table  of  the  number  required  for 
a  given  quantity  of  work,  2321. 
3  Z  3 


1078 


INDEX. 


Pantiltng,  330S. 

Panton,  Mr.,  a  bouae  designed  for,  440. 

Papautla,  pyramid  of,  113. 

Paperbanger's  work  in  specifications,  2291. 

Paperbanger's  work,  method  of  estimating, 
2S8a 

Papcrhanging,  3378. 

Parabola,  1095 — 1109. 

Parascenium  of  the  Greek  theatre,  1 72. 

Parastats,  2671. 

Pardo,  partly  by  Arroyo,  as  is  supposed,  368. 

Parigi,  Alfonso  and  Giulto,  331. 

Paris,  Bourse  or  Exchange  at,  2943. 

Paris,  Hotel  de  Ville  at,  2897. 

Paris,  street  architecture  of,  364. 

Paris,  Theatre  Italien,  2958.  Th&itre 
Franfois,  ib, 

Parker*8  cement,  1863. 

Parma  theatre,  2958. 

Parocona,  te^nple  ot,  at  Ellora,  56. 

Parthenon,  or  temple  of  Minerva,  at  Athens, 
141.  150.  258.  2570. 

Parting  bead  of  sash  frames,  3147. 

Parting  strip  in  sash  frames,  21 65. 

Partitions,  how  measured,  2336. 

Partitions  of  carpentry,  2024,  2025. 

Partitions,  value  of  labour  of,  2350. 

Parts  of  an  order,  essential  and  subservient, 
2523. 

Patent  slating,  1 809. 

Paving,  how  measured,  2372. 

Paving  bricks,  1827. 

Paving  tiles,  1839. 

Pay-leon,  or  triumphal  arches  of  the  Chi- 
nese, 107. 

Peace,  temple  of,  at  Rome,  description 
and  plan,  217.  A  type  of  tbe  basilicae  of 
the  early  Christians,  ib. 

Peckings,  1823. 

Peck  water  Quadrangle,  Christchurch,  Ox- 
ford, 490. 

Pedestals,  2599,  «t  Meq.  Table  showing 
their  heights,  ancient  and  modern. 
Whether  to  be  considered  as  component 
parts  of  an  order,  2601.  The  parts 
whereof  a  pedestal  consists,  2602.  Dies 
of,  how  decorated,  2603.  Employment 
of  them,  2604. 

Pediment,  origin  of,  135.  Observation  of 
Cicero  on,  ib. 

Pediment,  Roman,  inclination  o^  269. 

Pediments,  2715,  et  seg.  Of  varied  forma, 
271 6.  How  they  should  be  used,  2717, 
2718.  Vitruvius's  rule  respecting,  2719. 
Different  sized  in  same  fa^de  to  be 
avoided,  2720.  Mode  of  connecting  the 
horizontal  and  rakii\g  parts,  2721. 
Heights  of,  how  regulated,  2722.  Face 
of  tympanum,  how  disposed,  2723. 

Pegmata  of  the  amphitheatre,  229. 

Pelican  Office,  Lombard  Street,  by  Tay- 
lor, 515. 

Pellet  ornament,  397. 

Pembroke,  Philip,  earl  of,  his  discreditable 
notes  on  Jones,  461. 

Penaria  of  a  Roman  house,  253. 

Pendcntives  defined,   2090.     Conical,  for    | 


coves  to  cielings  of  square  rooms,  S091. 
To  find  springing  lines  of,  20^.  Me- 
thod of  coving  a  square  room  with  sphe- 
rical, 2093.  Intersections  of  ribs  in,  to 
find,  2094. 

Pendentives  in  dome  vaulting,  masomy, 
1999,  et  aeq. 

Penitentiary  at  Millbank,  2981. 

Penshurst  House,  date  and  founder,  446. 

Pergula  of  a  Roman  house,  253. 

Pericles,  architecture  of  Greece  under,  141. 

Peridromedes  of  the   Greek   gymnasium^ 
175. 

Peristyle  of  a  Roman  house,  245.  852, 353. 

Peristylium  of  the  Greek  gymnasium,  1 75. 

Perrault,  architect  of  Louvre,  some  account 
of,  359,  360. 

Persepoliis,  or  ruins  of  Chel-Minar,  46 — 49. 
Architectural  details  o^  compared  with 
those  of  Egypt  and  Persia,  50. 

Persia,  present  architecture  dt,  51. 

Persians,  2682.  2684. 

Perspective,  2405 — 2457.  Definitions, 
2406.  Methods  of  putting  objects  into 
perspective,  2408,  et  seq.  Angle  of  vi> 
sion,  2444,  et  §eq.  Principles  on  which 
internal  delineations  are  conducted,  2449, 
ef  »eq.  Mode  of  delineating  comioes, 
2451,  e<  acq. 

Petchorsky,  at  Kief  in  Russia,  convent  o^ 
875. 

Peterborough  Cathedral,  396.  398.  Found- 
ers and  dimensions  o£,  434. 

Petersham,  house  at,  for  Lord  Harrington, 
by  Earl  of  Burlington,  510. 

Petra,  ruins  of,  3. 

Pevensey  Castle,  in  Sussex,  391  • 

Pharos  of  Alexandria,  2927. 

Philip  of  Macedon,  portico  o^  151. 

Phoenicia,  architecture  of,  9.  54. 

Phoenician  architecture,  54. 

Piazza  San  Marco,  Scamosri*s  plan,  355. 

Picolomini  Palace,  cornice,  2725. 

Picolomini,  Palazzo,  at  Siena,  329. 

Piers,  3734. 

Piers  of  windows,  2754. 

Piers,  rules  for  finding  proper  stability  o(^ 
1563—1582. 

Pigs  of  lead,  1782. 

Pilasters,  2671,  et  eeq.  At  Trevi,  2672. 
Projection  of,  2673.  When  used  with 
columns,  2674.  Pilaster  capitals, 
2675.  2677,  et  aeq.  Supposed  to  repre> 
sent  columns,  2676.  Should  be  avoidini 
at  inward  angles,  2680. 

Pilasters  engaged,  2615. 

IHles,  how  measured,  2331 . 

Pinacotheca,  of  a  Roman  house,  252,  253. 

Pipes,  lead,  wdghts  of  difierent  sizes,  2215. 

Pirro  Ligorio,  employed  on  St.  Peter's,  336. 

Pisa,  cathedral  at,  and  description  of,  286. 
Baptistery  o(;  291,  292.  Campo  Santo, 
291.  293.     Campanile,  ib. 

Piscina  of  the  Roman  baths,  235. 

Pitching  piece  in  stairs,  206. 

Pitti  Palace,  331. 

Pitti,  Palazzo,  at  Florence^  325.  329. 
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Place  bricks,  1823. 

Placentia  Palace,  at  Greenwich,  423. 

Plain  tiles,  1835. 

Plain  tiles,  table  of  the  number  required 

for  a  given  quantity  of  work,  2321. 
Pkkin  tiling,  2301. 
Plane  trigonometry,  1033 — 1055. 
Planes,  969 — 978. 
Planes,  jack,  trying,  long,  jointer,  smoothing, 

2102.  Compass,  forkstafi^  straight  block, 

2103.  Rebate,  moving  fillister,  sash 
fillister,  plough,  2104.  Moulding,  2105. 
Bead,  snipe  bill,  2106. 

Plasterer's  work  in  specifications,  2287. 

Plasterer's  work,  method  of  estimating,  2376. 

Plastering,  2232 — 2252. 

Plastering,  quantity  of  different  materials 
in  a  given  number  of  yards,  2248. 

Plate  glass,  1 874. 

Plumber's  work  in  specifications,  2288. 

Plumber's  work,  method  of  estimating, 
2377. 

Plumbery,  2212—2224. 

Plumb  rule,  1890. 

Podium  of  an  amphitheatre,  228. 

Pointed  arch,  S97.  400. 

Pointed  arch,  in  Italy,  318. 

Pointed  architecture  :  theories  respect- 
ing, 294 — 300.  Whittington's  opinion 
on,  300.  Sir  Christopher  Wren's  opi- 
nion on,  ib.  Ancients  acquainted  with, 
ib.  Countries  in  which  it  appeared,  30 1 . 
Prevailed  in  the  East,  ib.  Its  origin  pro- 
bably there,  ib.  Moller's  opinions  of,  302. 
Appearance  immediately  after  First  Cru- 
sade, ib.  Mr.  Kerrich's  opinion  of  ori- 
gin, ib.  Best  age  of,  303.  Characteris- 
tics of,  ib.  Alteration  of  style  in  cha- 
racter, 312,  313. 

Point,  mason's,  1910. 

Points  of  support,  1581 — 1583.  2531. 
Table  of,  in  principal  buildings  of  Eu- 
rope, 1583. 

Points  of  support  of  apartments,  2848, 
et  $eq. 

Pojana  Palace,  cornice  of,  2725. 

Pole  plate,  2035. 

Polychromatic  architecture,  2511,  2512. 

Polychrome  architecture  of  the  Greeks,  171. 

Polyphili  Hypnerotomachia,  account  of  the 
work,  326. 

Pompei  Palace  at  Verona,  350. 

Ponte,  Giovanni  da,  356. 

Pont  St.  Esprit,  erected  by  Confraternity 
des  Ponts,  310. 

Pope,  the  poet,  his  ignorance  of  art,  491. 
507. 

Porchester  Castle,  in  Hampshire,  391.  394« 
398. 

Port  crayon,  its  uses  in  drawing,  2391,  et 
seq.     Applied  to  the  whole  figure,  2393. 

Porta  del  Pallio,  Verona,  350. 

Porta,  Jacopo  della,  employed  on  St. 
Peter's,  336. 

Porta  Nuova,  at  Verona,  350. 

Portcullis  of  a  castle,  what,  394. 

Portici,  museum  o^  2918. 


Portico  of  Septimitts,  2547. 

Portions  of  the  Greek  gymnasium,  175. 
Of  the  Roman  house,  244.  253. 

Portugal,  architecture  of,  367,  et  seq. 

Powers  in  general,  606 — 610.  Calculation 
o^611--€16. 

Powers,  representation  of,  by  fractional  ex- 
ponents, 620 — 625.  Methods  of  calcu- 
lation of,  and  their  mutual  connection, 
626—631. 

Pozzo,  employed  at  Vienna,  365. 

Practical  carpentry,  2003,  et  aeq.  See  "  Car- 
pentry, PractidA." 

Practical  geometry,  996 — 1032. 

Pnecinctio  of  the  Roman  theatre,  226.  Of 
the  amphitheatre,  228. 

Presence  or  privy  chamber,  415. 

Priam's  palace  had  fifty  chambers,  140. 

Prieking-up,  plasterer's,  2240. 

Principles  of  composition,  2825. 

Prior  Park,  by  Wood,  513. 

Prisons,  2977,  et  teq.  Their  particular  des- 
tination, 2977.  Essentials  of,  2978.  Re- 
quisites of,  according  to  Howard,  2979, 
2980.  That  at  Ghent,  2981.  Peniten- 
tiary at  Millbank,  ib. 

Private  buildings,  general  observations  on, 
2983,  et  seq.  Pnnciples  on  which  they 
should  be  designed,  2984—2989.  In 
towns,  2990,  et  aeq.  Common  houses  of 
London,  2992.  Of  a  grade  higher,  2993. 
First  class  of,  2994.  Burlington  House, 
2995.  In  the  country,  2996,  et  seq. 
Keddlestone,  ib.  Holkham,  2997.  Villa, 
smallest  size  of,  2999.  Tliose  at  Foot's 
Cray  and  Mereworth,  3000. 

Private  houses  of  the  Romans,  242.  Earliest, 
only  one  story,  ib.  Later  houses,  243. 
Splendour  of  them,  tb.  Parts  of  which 
they  consisted,  244 — 255. 

Private  houses  of  the  Romans,  parts  of, 
reserved  for  the  family,  245. 

Procceton  of  a  Roman  house,  252. 

Profiling  an  order,  2523.  2551. 

Progression,  arithmetical,  735 — 742.  Sum- 
mation ot,  743 — 748. 

Progression,  geometrical,  774 — ^782. 

Propigneum  of  the  Greek  gymnasium,  175. 

Proportion,  935 — 937. 

Proportion,  arithmetical,  732 — ^734.  Geo- 
metrical, 754 —  762. 

Proportion  in  architecture,  based  upon  fit* 
ness,  2496 — 2499. 

Proportion  of  the  orders  deduced  from  the 
loads  and  supports,  2524,  et  seq. 

Proportions  of  rooms,  2820,  et  seq. 

Propylffia  at  Athens,  plan  and  description 
of,  150. 

Proscenium  of  a  Ronoan  theatre,  226. 

Proscenium  of  the  Greek  theatre,  172. 

Prothyrum  of  the  Roman  house,  246. 
253. 

Public  libraries,  2908,  et  seq.  Requisites 
in,  2906.  That  at  Trinity  College,  Cam- 
bridge, ib.  Mode  of  warming,  ib.  Of 
the  Vatican,  2909.  Medicean  Library  at 
Florence,  2910.  St  Mark's,  at  Venice, 
3  Z  4 
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ib.     At  Paris,  called   Bibltoth^uc   du 

Roi,  291 1 .     Of  abbey  of  St  G&i^ieve, 

ib.     RadcUflTe^  at  Oxford,  S912. 
Pugging,  described,  2247. 
Pulley,  1  SI  5— 1 320. 
Pulley  mortises,  2019,  2020. 
Pulleys,  2260. 

Pulpitum  of  a  Roman  theatre,  226. 
Pulpitum  of  the  Greek  theatre,  172. 
Pumps,  lifting,  2220.    Suction,  or  common, 

2221.      Forcing,  2222—2224. 
Purlin,  2035. 
Putty,   different  sorts    used    by   glaziers, 

2231. 
Putty  used  by  painters,  2275. 
Puzsolaoa,  1867. 
Pycnostyle,     intercolumniation,     2605  — 

2609. 
Pyramids  of  Cheops,  Cephrenes,  and  My- 

cerinus,  Saccara,  74.     Generally,  83. 
Pyramids    of    Ktoube  el    Meuschlch,    of 

brick,  72. 
Pyramids  of  Mexico.    111.     Of  Cholula, 

112.      Of  P^pautla,    113.     Of  Egypt, 

72.  74.  83. 


Quarter  paces  in  stone  stairs,  1929. 

Quarter  round,  2129.  2532. 

Quartered  partitions  of  carpentry,  2024, 

2025. 
Queen  closer  defined,  1896. 
Queen  posts,  2034. 
Queen*s  College,  Oxford,  2904. 
Quirk  defined,  2106.   ' 
Quirked  bead,  2126. 

R. 

Radcliffe  Library,  at  Oxford.  2912. 

Raglan  Castle,  Monmouthshire,  426. 

Rails  of  a  door,  what,  213a 

Rake,  plasterer's,  2233. 

Raker,  bricklayer's,  1890. 

Ramichouer,  temple  of,  at  EHora,  S6. 

Rammer,  bricklayer's,  1 890. 

Rampant  pointed  arch,  to  draw  and  find 

the  joints,  1943. 
Ranging  of  glass,  2226. 
Ratio,  arithmetical,  727 — 731. 
Ratio,  geometrical,  749 — 751. 
Ratisbon,  church  at,  309. 
Ravenna,  buildings  at,  272.  278. 
Reading  Abbey,  435. 
Redentore  church  deL,  at  Venice,  354. 
Reeds,  what,  2129. 
Relations,  compound,  763 — ^773. 
Relief  to  be  given  to  ornaments,  2537. 
Renaissance,  style  of  the,  what,  323 — 329. 
Rendering,  2238. 
Reredoa,  what,  415. 
Reveley,  Willey,  an  architect,  temp,  George 

III.,  521. 
Revett,  Nicholas,  an  architect,  tenqft.  George 

III.,  516. 
Rheims  and  Salisbury  cathedrals  compared, 

315. 


Rheims,  cathedral  at,  310.  314. 

Rialto,  bridge  ct,  at  Venice,  358. 

Ricardi,  Palazzo,  at  Florence,  327. 

Richborough  Castle,  in  Kent,  391. 

Richmond  Castle,  394.  396. 

Richmond,  entertainment  at,  by  Henry  V 11^ 
428. 

Richmond  House  at  Whitehall,  by  Lord 
Burlington,  510. 

Richmond   Park,  new  lodge  by  Earl   of 
Pembroke,  508. 

Ridge  piece,  2035. 

Ridge  tiles,  1836. 

Right  lines  and  rectilineal  figures,  876 — 
907. 

Rimers,  2108. 

Ripley,  Thomas,  an  architect,  temp,  George 
II.,  507.     His  works,  t&. 

Ripon  Minster,  conventual  church  o^  407. 

Riser  of  stairs,  2180. 

Rivaulx,  in  Yorkshire,  conventual  churdi 
of,  407. 

Robert  the  Pious,  of  FVance,  archiiectare 
under,  289. 

Rochester  Castle,  394. 

Rochester  Cathedral,  396.  406.  Founders 
and  dimensions  oC,  434. 

Rocking  stones.     See  *<  Logan  Stones.* 

Rock-worked  rustics,  2669,  267a 

Rod  of  brickwork,  dffiimal  parts  o^  2320. 

Rod  of  brickwork,  how  to  ascertain  value 
of,  2314.  Table  of  value  of,  at  difiTerent 
prices,  2319. 

Rodrigo  Gil,  a  Spanish  architect,  367. 

Roslyn  Chajpel,  erected  by  Sir  William 
St  Clair,  431. 

Rolbrich,  circle  of  stones,  in  Oxfordshire^ 
16. 

Rollers,  brass,  2263. 

Rolls  in  plumbery,  2213. 

Roman  architecture,  character  o^  and  ob- 
servations on,  258. 

Roman  architecture,  not  an  original  speagSf 
1 82.  Succinct  history  of,  to  309  a.  c., 
ib.  At  and  after  the  time  of  Appius 
Claudius,  183.  Under  Canar,  186.  Under 
Augustus,  187.  Tiberius  to  Claudius, 
191.  Galba  to  Vitellius,  192.  Vespa- 
sian  and  Titus,  ib.  Domitian  to  Nerva, 
ib.  TrtiBn,  193.  Hadrian,  ib,  An- 
tonines,  194.  Decline,  195,  eiaey.  Under 
Dioclesian,  198,  e<  seq, 

Roman  architecture,  revived  but  little 
under  Valentinian  IL,  204.  Honorius 
raised  or  repaired  some  basilics  at  Rome, 
204.^  Roman  empire  in  the  West  ended 
in,  476. 

Roman  bi^ckwork,  ancient,  1895. 

Roman  or  Parker's  cement,  1863. 

Roman  school,  its  character,  334.  Period 
of,  346.     Principal  masters  o^  »6. 

Roman  temples  of  the  quadrangular  species, 
208,  et  eeq.  Of  the  circular  species,  21 4» 
et  seq. ;  21 7. 

Romanesque  or  Byzantine  architecture, 
270,  et  eeq. 

Romans,  private  houses  of,  245. 
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Rome,  palaces  of,  S43,  S44. 

Rome,  principal  churches  of,  and  their  cha- 
racter, 342. 

Rome  taken  by  Totila,  and  again  united  to 
Eastern  Empire,  279. 

Roo^  examination  of  strains  in,  2031.  He 
beam,  ib.  Collar  beam,  ib.  Sagging, 
how  prevented,  ib.  King  post,  what,  ib» 
Truss,  what,  ib.  Struts,  what,  ib.  Prin- 
cipal rafters,  framing  of,  20S3.  Queen 
posts,  2034.  Straining  piece,  ib.  Man- 
sard roof,  2035.  Common  rafters  in, 
ib.  Purlin,  tfr.  Pole  plates»  ib.  Ridge 
piece,  ib.  Hip  rafiers,  ib.  Jack  rafters, 
ib.  Scantlings  of  timbers  for  different 
spans,  2037 — 2040.  Mode  of  framing  for 
different  spans,  2042—2045.  Of  St. 
Martin's-in-the- Fields,  2046.  Of  chapel 
at  Greenwich  Hospital,  2047.  Of  old 
Drury  Lane  Theatre,  2048.  Dome  of 
St  Paul's,  2049.  Roof  of  St.  Paolo 
fuori  le  Mur^,  2051.  Delorme^s  mode 
of  framing  domes,  S2052.  Lines  for 
framing,  2053.  Hips,  to  find  the  back 
o^  2054.     Lines  of,  to  find,  2053 — 2057. 

Roofing,  how  measured,  2337. 

Roofing,  value  of  labour  of,  2350. 

Roofe  of  the  edifices  of  Athens  and  Rome, 
176. 

Roofs,  proper  inclination  oi^  in  various  cli- 
mates, 2027 — 2030. 

Rooms,  proportions  of,  2820,  ei  aeq.  Height 
of  J  2821.  Height  of  galleries,  2822. 
Palbidio*8  rules,  2823,  2824. 

Roots,  relatively  to  powers,  617 — 620.  Of 
compound  quantities,  688 — 692. 

Rosellini,  Bernardo,  employed  by  Julius  II. 
for  restoring  basilica  of  St.  Peter's,  335. 

Rouen,  cathediral  of  Notre  Dame  at^  310. 

Roughcast,  2249. 

RoyS  Exchange,  new,  2941 — 2943. 

Rubbed  returns,  1890. 

Rubbing  stone,  bricklayer's,  1890. 

Rubble  wall  defined,  1917. 

Rudstone  Pillar,  in  East  Riding  of  York- 
shire, 14. 

Ruiz,  Ferdinando,  a  Spanish  architect,  368. 

Rule,  glazier's,  2226. 

Rnmsey,  church  of,  in  Hampshire,  396. 

Russian  architecture,  374,  et  seq.  Eccle- 
siastical, coeval  with  the  introduction  of 
Christianity  in  the  country,  375.  Churches 
built  in  the  eleventh  century,  375. 

Russian  churches,  type  of^  377. 

S. 

Sacrificial  stones,  what,  22. 

Safiron  Walden,  parochial  church  at,  421. 

Sagging  prevented,  2031. 

Saint  Mark,  at  Venice,  library  of,  357. ;  and 

elevation  of,  ib. 
Salamanca,  cathedral  at,  367. 
Salisbury  Cathedral  and  Rheims  compared, 

315. 
Salisbury    Cathedral,    314.      Comparison 

with  that  of  Amiens,  315. 


Salisbury  Cathedral,  fi)under8  and  dimen- 
sions of,  434. 

Salsette,  excavation  of,  near  Bombay,  57. 

Saltzburg  Cathedral,  designed  by  Scamozzi, 
355. 

San  Carlos,  theatre  of,  at  Naples,  2967. 

Sand,  measures  of,  2304. 

Sand  river,  1858.     Pit,  1859. 

Sanding,  in  painting,  2277. 

San  Domenico  di  Silos,  church  and  monas- 
tery of,  369. 

San  Domenico,  Palermo,  walls  at,  1 535. 

San  Fantino,  at  Venice,  church  of,  351. 

Sangallo,  consulted  on  building  St.  Peter's, 
335.  Architect  of  Farnese  ^  palace, 
343. 

San  Giovanni  Battista,  near  Toledo,  hos- 
pital of,  370. 

S^  Giovanni  Laterano,  doors  of,  2735. 

San  Lorenzo  fuori  le  Mun^  at  Rome, 
church  of,  281. 

San  Mantino,  gate  of,  at  Toledo,  368. 

San  Micheli,  some  account  of,  and  his 
works,  350.     A  military  architect,  ib, 

San  Paolo  fuori  le  Mur^  at  Rome  church 
of,  281. 

San  Salvadore,  at  Venice,  Scamozzi  em- 
ployed on,  355. 

Sansovino,  some  account  of,  and  his  works, 
351.  His  architectural  problem  of  the 
Doric  frieze,  865. 

Santa  Croce,  college  of,  at  Valladolid, 
367. 

Santa  Engracia  at  Saragossa,  367. 

Saracenic  or  Arabian  architecture,  1 18,  e< 
seq.     Decline  of,  128. 

Sarum,  old,  cathedral,  396. 

Sash  frames  and  sashes,  2164,  2165. 

Sash  lines  and  weights,  2263. 

Sash  tool,  elazier's,  2226. 

Sashes  and  frames,  value  of  labour  of, 
2368. 

Savoy,  palace  at,  423. 

Saw,  a  carpenter's  tool,  2003. 

Saw  (the),  not  known  to  the  Greeks,  7. 

Saws,  ripping,  half-ripper,  hand,  panel, 
tenon,  sash,  dovetailed,  compass,  keyhole 
or  twining,  SI] 5.     Teeth  of,  21 16. 

Saxon  and  Norman  styles,  difference  be- 
tween, 397. 

Saxons,  arrival  of,  in  Britain,  383. 

Scales  and  weights,  plumbers,  2212. 

Scamozzi,  employed  at  Salzburg,  365. 

Scamozzi,  Vincenzo,  some  account  o^  and 
his  works,  355.  His  plan  for  Piazza  San 
Marco,  ib. 

Scantle,  what,  2210. 

Scantlings  for  joistei,  2015—2022.  For 
girders,  2021. 

Scarfing,  2007. 

Schonbrun,  palace  at,  365. 

Sciography,  2458—2484.  See  <*  Sha- 
dows." 

Scotia  or  trochilos,  2532. 

Scotland,  architecture  of,  in  time  of  the  Sax- 
ons, 383. 388.  Stone  buildings  in,  of  high 
antiquity.  3S8. 
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Seotland,  Tudor  eiamplw  of  itjla  in,  431. 

Screw,  1S84--13SO. 

Screw  cheek,  what,  2108. 

Screws,  2357. 

Scrihe  bricklayer's,  189a 

Sculpture  much  used  in  the  early  English 
style,  401. 

Sculpture  rather  than  painting  allied  to  ar- 
chitecture, 2522. 

Seams  in  plumbery,  2213. 

Segments  of  a  circle,  table  of  areas  when 
the  diameter  is  unity,  1225. 

Segovia,  bridge  of,  at  Madrid,  371. 

Segovia,  cathedral  of,  367. 

Selby,  conventual  church  at,  396. 

Selby,   Yorkshire,   conventual   church   o£, 
421. 

Selinus    or   Selinuns,  city   of,   in    Sicily, 
147. 

Semiramis,  works  of  architecture  attributed 
to,  9. 

Semite  of  the  zystus,  1 75. 

Seraglio,  reception  room  of,  132. 

Serlio,  door  by,  2744. 

Servandoni,  an  Italian  architect,  employed 
on  St  Sulpice,  at  Paris,  362. 

Service  pipes,  2215. 

Setting  board,  glazier's,  2228. 

Setting  knife,  gUsier's,  2228. 

Severeys,  what,  415. 

Seville,  cathedral  at,  320.  368. 

Sewers,  3008. 

Sewers,  their  importance,  sice,  and  proper 
form.  1887,  1888. 

Seyssel's  asphalt,  1879. 

Shade,  as  distinguished  from  shadow,  2459. 

Shadows,  meth^  of  projecting  in  architec- 
tural drawings,  2458 — ^2484.  Angle 
usually  employed  for  the  light,  2459 — 
2462.  Examples,  2464,  et  seq.  Sha- 
dows on  steps,  2468.  Of  modillions, 
2469—2471.  On  triglyphs,  2472.  Of 
consoles,  2473.  Of  niches,  2475.  Of 
pediments,  2476.  Of  bases,  2480.  Of 
Tuscan,  Ionic,  and  Coruithian  capitals, 
2480—2484. 

Shaftesbury  House,  Aldersgate  Street,  by 
Jones,  462. 

Shah  Abbas,  caravanserai  of,  described,  51. 

Shah  Meidan,  at  Ispahan,  described,  51. 

Sheet-lead,  1 783. 

Shene,  in  Surrey,  palace  at,  424. 

Sherboum  Minster,  Dorset,  398. 

Sheriff  Hutton,  Yorkshire,  palace  at,  426. 

Shooting,  what,  2102. 

Shute,  John,  author  of  earliest  publication 
in  the  English  language  on  architecture, 
438.  Patronised  by  Dudley,  earl  of 
Northumberland,  ib. 

Shutter  bars,  2263. 

Shutters,  2146 — 2148.  Value  of  labour 
oC  2368. 

Sm^Ki;,  or  Scena,  of  the  Geeek  theatre, 
172. 

Skew  back,  1890. 

Skirts  of  a  roof,  2053. 

Skylights,  value  of  labour  of,  2368. 


Sicily,  Grecian  temples  of,  147. 

Side  boards,  what,  8102. 

Side  nook,  2121. 

Siena,  cathedral  at,  316. 

Signia,  Cyclopean  remains  at,  32. 

Signs,  in  alg^ra,  524 — ^526. 

Sill  of  a  partition,  2025. 

Siloe»  a  Spanish  architect,  368. 

Similar  figures,  958 — 968. 

Sine  of  an  arc,  1039. 

Single  flooring,  2013. 

Single  stones,  early  practice  of  erecting,  and 

of  what  probable  emblem,  13. 
&tm    House,    Middlesex,  completed    for 

Henry,  earl  of  Northumberland,  442. 
SUte,  1798 — 1810.     Description  oi;   1798. 

Whence    brought    to    London,     1799. 

Species  of,  ib.     Desirable  properties  o( 

1800.     Tests  of  quality  of,  1800,  1801. 

DiflTerent  sorto  o^  1802 — 1808.     Patent 

slating,  1809. 
Slater's  work,  how  measured,  2370. 
Slater's  work,  in  specifications,  2283. 
Slates,  proper  slope  of  roo&  for,  2030. 
Slating,  2209— 2211. 
Slating,  patent,  1809. 
Slaughter  houses.     See  **  Abattoirs." 
Sleaford,  parochial  church  at,  398. 
Sleepers   and     planking,    how    measured, 

2331. 
Small  cut  brads,  glarier^,  2226. 
Smithery  and  ironmongery,  2253—2263. 
Smith's  and  ironmonger's  works,  method  of 

estimating,  2375. 
Smith's  work  in  specifications,  2286. 
Smithson,  Huntingdon,  engaged  on  Wol- 

laton  Hall,  443. 
Smithson,  Robert,  architect  connected  with 

building  Wollaton  Hall,  440.  443. 
Soils  best  for  foundations,  1882,  1883. 
Solar  cell  of  the  baths  of  CaracaUa,  235. 
Solids,  979—995. 
Solids,  mensuration  of,  1229 — 1239.     See 

**  Mensuration." 
Somerset  House,  2883. 
Somerset  House,  built  by  Chambers,  de- 
scription oC  519. 
Somerset  House,  old,  water  front  by  Inigo 

Jones,  459. 
Somersetshire  has  many  churches   in  the 

fiorid  English  style,  423.    Characteristics 

of,  430. 
Sou€iot,  architect  of  Pantheon  at  Paris, 

361. 
Southwell,  church  at,  389.  391. 
South  Win^eld,  Derbyshire,  426. 
Spain,  architecture  ot  367,  et  $eq. 
Spalatro,  niches  at,  2775. 
Spanocchi  palace,  cornice,  2725. 
Spans  of  roo&,  scantlings  of  timbers  for, 

2037—2040. 
Specifications,   2279 — 2294.      Excavator*s 

work,  228a      Bricklayer's  work,  2282» 

Slater's    work,    2283.      Mason's  work, 

2284.  Carpenter's  and  joiner's  works, 

2285.  Founder's,    smith's,  and    iron- 
monger's works,  2286.    I1aaterer*s  «'ork. 
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S287.    Plumber's  work,  3288.    Glazier's 

work,    2289.       Painter's    work,    2290. 
Paperhanger's  work,  2291.    Bellhanger's 

work,  2292.     Conditions,  2294. 
Splueristeriuin  of  the   Greek  gymnasium, 

175. 
Spherical  sur&ces,  to  form  in  joinery,2208. 
Spherical  vaulting,  1478 — 149S. 
Sphinx  of  Egypt,  74. 
Spiller,  James,  architect,  quoted,  521. 
Spina  of  the  Roman  circus,  240. 
^ire,  cathedral  ot  287. 
Spire,  Gothic,  wrought  into   Italian  archi- 
tecture, 484. 
Square,  2118. 
Square,  bricklayer's,  1890. 
Square,  bricklayer's  large,  1890. 
Square,  glazier's,  2226. 
Square  numbers,  575 — 582. 
Square  root^  and  the  irrational  numbers 

that  result  from  them,  583 — ^592. 
Square  roots,  table  of,  873. 
Squares,  table  of,  873. 
Squaring  the  rail  of  stairs,  2187. 
St.  Alban's,  abbey  of,  389.  39S.  407. 
St  Anne,    Lim^ouse,     by   Hawksmoor, 

499. 
St  Antoine,  abbey  of,  near  Paris,  310. 
St.  Antony,  church  o^  at  Padua,  285. 
St    Apollinaris,   church   of,  at    Ravenna, 

278. 
St  BasU,  in  Cherson,  church  at,  875. 
St  Benigne,  at  D^on,  among  the  oldest 

buildings  of  France,  289. 
St  Carlo  alle  quattro   Fontane,  at  Rome, 

342. 
St  Carlo  on  the  Corso,  at  Rome,  342. 
St  Chrysogono,  Rome,  walls  at,  1535. 
St.  Cross,  Hampshire,  church  o^  396. 
St  Denys,  abbey  oS,  310. 
St  Dunstan's  (London)-in- the- East,  485. 
St  Edmundsbury  Church,  391.  398.408. 
S.    Filippo   Neri,  Naples,  walls  at,  1535. 

1552. 
St  Francesco,  at  Assisi,  318. 
St  Francesco,  church  ot,  at  Rimini,  325. 
St    Frideswide,    church    oi,    at    Oxford, 

389. 
St  Genevieve,  church  of,  289. 
St    Genevieve,   church  of,   at   Paris,   by 

Soufflot,  361.     Plan  and  section,  ib. 
St  Genevieve,  library  of,  2911. 
St  George,  in  Russia,  convent  of,  375. 
St  George's,  Bloomsbury,  by  Hawksmoor, 

499. 
St  George's,   Middlesex,  by   Hawksmoor, 

499. 
St  Germain  des  Pr^s,  church  of,  289. 
St.   Germain's,  monastery  of,  in  Cornwall, 

389^ 
St  Giles's-in-the-Fielda,  by  Flitcroft,  512. 
St  Giovanni  Laterano,  palace  of,  344. 
S.  Giuseppe,  Palermo,  walls  at,  1 535, 
St  Ildcfonso,  palace  o^  372. 
St  Irene  in  Russia,  convent  of,  375. 
St  James's  Church,  Westminster,  descrip- 
tion o^  875. 


St  James's,  Westminster,  palace,  426. 
St  John,  at  Ephesus,  church  of,  271. 
St   John's  College,  Oxford,   Inigo  Jones 
employed  at,  456. 

St  John's,  Westminster,  by  Archer,  498. 

S.  Lorenzo,  Florence,  walk  at,  1535.  1550. 
1554. 

St  Louis,  under,  great  number  of  ecclesi- 
astical buildings  in  France,  310. 

St  Margaret,  Norwich,  parochial  church 
of,  421. 

St  Margaret's  porch,  at  York,  398. 

Sta.  Maria  del  Flore,  church  of,  at  Florence, 
described,  323.  Plan,  section,  and  ele- 
vation oC  ib,  Vasari's  testimony  of  its 
grandeur,  ib.     Partially  Gothic,  327. 

Sta  Maria  Maggiore,  niches  at,  2779. 

Sta.  Maria  Maggiore,  walls  at,  1535. 
1549. 

Sta.  Maria,  in  Trastevere,  walls  at,  1535. 

St  Mark,  church  o£,  at  Venice,  description 
of,  284. 

St  Mark's  Library,  at  Venice,  2910. 

St  Martin's-in- the- Fields,  by  Gibbs,  de- 
scribed, 502. 

St  Martin's-in-tlie- fields,  Westminster, 
roof  o^  2046. 

St  Mary,  Edmundsbury,  Suffolk,  parochial 
church  of,  408.  421. 

St  Mar y-le- Strand,  by  Gibbs,  described, 
508. 

St  Mary  Overy,  South  wark,  parochial 
church  of,  421. 

St  Mary  Redcliff,  Bristol,  parochial  church 
of,  421. 

St.  Mary's  Chapel,  Ely  Cathedral,  421. 

St  Mary*s,  Oxford,  parochial  church  o£^ 
421. 

St.  Mary's,  York,  conventual  church  of, 
421. 

St  Mary,  Woolnoth,  Lombard  Street,  de- 
scription and  representations  of,  499. 

St.  Michael,  Coventry,  parochial  church  of, 
408.  421. 

St  Michael,  Pavia,  church  o^  280. 

St  Nicholas,  Newcastle,  alluded  to,  485. 

St.  Olave,  South  wark,  by  Flitcroft,  512. 

St  Ouen,  at  Rouen,  church  of,  311. 

a  Paolo  fuori  le  Murk,  1534—1546.  1553. 
Points  of  support  of,  1581.  Roof  of, 
2051. 

St  Paul's  Cathedral,  by  Wren.  Designs 
for,  and  plan,  467.  Ruins  removed,  468. 
Foundations,  ib.  First  stone  laid,  469. 
Last  stone,  ib.  Plan  and  description  ot, 
470 — 474.  Cost,  475.  Dimensions 
compared  with  St.  Peter's,  t6.  Size  com- 
pared with  three  other  principal  churches 
of  Europe,  476.  Defect  in  section  as 
compared  with  them,  477.  Points  of 
support  and  mechanical  skill  as  com- 
pared with  them,  478.  Its  defects  and 
abuses,  479.     Failures  in,  ib. 

St  Paul's,  old  cathedral,  396.  Founders 
and  dimensions  of,  434.  Repairs  of,  by 
Inigo  Jones,  457, 

St.  Paul's,  London,  339.  2828.     Fine  view 
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of,  950S.     Points  of  support  of,  1581. 
Timbering  of  dome,  9049. 

St.  Peter,  Maacroft,  Norwich,  parochial 
church  qS,  406.  421. 

St  Peter's,  Northampton,  parochial  church 
of;S98. 

St.  Peter's,  Oxford,  parochial  church  at, 
398. 

St  Peter%  Rome,  SS5— 341.  S888.  Doors 
of,  2735.  Na^e  of,  2779.  Niches  and 
statues  in,  ih.  Points  of  support  of, 
1 58 1 .     Windows  at,  8757. 

St  Petersburgh,  city  of,  founded,  378.  Pa- 
laces of,  t6. 

St  Philip's,  Birmingham,  by  Archer,  496. 

S.  Pietro  in  VincoU,  Rome,  walls  at,  1535. 

St  Poole,  Sir  George,  designs  for,  by 
Thorpe,  440. 

Sta.  Sabina,  Rome,  walls  at,  1535.  1546. 
1554. 

St  Sophia,  church  uif  at  Constantinople, 
description  of^  with  plan,  elevation,  and 
section,  271.  Served  as  a  model  after 
conquest  of  Constantinople,  300. 

Sto.  Spirito,  Florence,  walls  at,  1535.  1551. 
1554. 

St.  Stephen,  Bristol,  parochial  church  of, 
421. 

St  Stephen,  church  of,  at  Caen,  290. 

St  Stq>hen*s  Chapel,  Westminster,  421. 

St  Stephen's,  Wallbrook,  description  o^ 
463. 

St  Sulpice,  church  of,  at  Paris,  362. 

St  Vitalis,  church  o(  at  Ravenna,  282. 
Plan  and  section,  16. 

Stability,  source  of  fitness,  2500.  Depen- 
dent on  laws  of  gravitation,  2501. 

Stadium  af  the  Greek  gymnasium,   175. 

Stafford,  Duke  of  Buckingham,  his  palaces, 
426. 

Staircases,  2796,  ef  Beq,  Designing  of,  im- 
portant, 2797.  One  at  PreSendu  House, 
Westminster,  tft.  Light  in,  2796.  Of 
the  Greeks  and  Romans,  2799.  Few 
remains  of,  at  Pompei,  2800.  Those  at 
the  Vatican  and  that  by  Bernini,  2801. 
Of  the  Trinita  de*  Monti  and  Araceli, 
2802.  Palladio's  rules  for  forming,  2803, 
2804.  The  sorts  of  stairs  in,  2805. 
Winding  or  spiral,  2806.  Palladio's 
rules  for,  2806,  2807.  Spiral,  with  solid 
newel,  2808.  Spiral,  with  open  newel, 
2809.  Elliptical,  with  open  newel,  2810. 
Elliptical,  with  solid  newel,  2811.  Easi- 
ness of  ascent  in,  2813.  BlondcPs,  rule 
for  obtaining  it,  2814. 

Stairs,  2176 — 2185.  Rules  for  risers  and 
treads  of,  2177,2178. 

Stairs,  stone,  1926—1929.  With  solid  or 
open  newel,  1926.  Geometrical,  1927 — 
1 929.  Landings,  half  paces  and  quarter 
paces  of  1 929.   Thickness  of  steps,  1 928. 

Stairs,  carriage,  &c.  of,  2026. 

Stairs,  value  of  labour  of;  2366. 

Stamford,  parochial  church  of,  421. 

Stationes  of  the  Greek  gymnasium,  175. 

Statues.     See  •«  Niches,**  2773,  et  teq. 


Steiano,  S.,  rotondo  church  d,  at  Rome* 
1528. 

Steyning,  parochial  church  at,  398. 

Sticking,  what,  2105. 

Stock  and  bit,  2107. 

Stocks,  red  and  grey,  1822. 

Stoke- Pogis  House,  date  and  founder,  446. 

Stone  Buildings,  Lincoln's  Inn,  by  Taylor, 
515. 

Stone,  early  working  ot,  and  tempering  tools 
for,  attributed  to  Tososthes,  la 

Stone,  1636—1667.  Freestone,  what,  1637. 
Limestones  and  sandstones,  tfr.  Requisite 
qualities  of,  1 639.  Causes  of  decay,  1 640. 
Report  relating  to,  on  occasitm  of  selecting 
stone  for  the  new  houses  of  Parliament, 
1641—1665.  Alphabetical  list  of  sand- 
stone, limestone,  magnesian  limestone, 
and  oolitic  stone  quarries  in  the  pro- 
vinces, 1 664 — 1  €65.  Alphabetical  list  of 
buildings  of  sandstone,  p.  470 — 473.  Al- 
phabetical list  of  buildmgs  of  limestone, 
p.  473 — 476.  Alphabetical  list  of  build- 
ings  of  magneaan  limestone,  p.  476 — 
478.  Analysis  of  sixteen  dilTerent  sorts 
of  stone,  1666,  1667. 

Stone  quarried  and  worked  with  skill  by 
the  Egyptians,  73. 

Stonehenge,  account  oC  by  Inigo  Jones,  457 
— 461. 

Stonehenge,  account  oS,  IS.  Account  o^  by 
Mr.  Cunnington,  19.  40. 

Stonehenge  not  built  by  the  Britons,  380. 
388. 

Stopping  and  picking-out  tools,  plasterer'ts, 
2233. 

Story-rod  for  stairs,  2182. 

Straight-edge,  2123. 

Straight-edges,  plasterer's,  2233. 

Straight-joint  floor,  what,  2168. 

Straining-piece,  2034. 

Straps  in  carpentry,  201 1 . 

Strasburg,  cathedral  oi^  described,  305. 

Stratford-upon-Avon,  parodiial  church  o^ 
408.  421. 

Stretchers,  what,  1894. 

Strings  of  stairs,  2026. 

Striping,  in  masonry,  1914. 

Stroking,  in  masonry,  1 90. 

Strozsi  palace,  cornice  of,  2725. 

Stroza,  palaszo,  at  Florence,  327,  329. 

Struts,  in  carpentry,  2009, 3010. 

Struts,  what  2031. 

Strutting  pieces,  2018. 

Stuart,  James,  an  architect,  iemp,  Geo,  III., 
and  his  works,  516. 

Stucco  painting,  2269. 

Stuck,  what,  2105. 

Stukely,  church  of,  in  Bucks,  389. 

Styles  of  a  door,  what  2130. 

Styles  of  architecture  all  dependent  on  fit- 
ness, 2508. 

Subdivisions  and  apartments  of  buildings, 
and  their  points  of  support,  2848.  Vaults 
for  coverings  how  arranged,  2849^  2850^ 
2851.  2853,  2854.  Examples  of,  2849, 
et$eq. 
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Subterranean  style  of  Egypt  caused  by  the 

climate,  64. 
Sudatio  of  the  Greek  gymnasium,  175. 
Sudatioofthe  Roman  baths,  235,236. 
Sudeley  in  Gloucestershire,  423. 
Sugar,  tonnage  o^  in  varehouses.  Appendix, 

884. 
Summer  Hill,  Kent,  452. 
Superficies,  mensuration  of,    1212 — 1228. 

See  **  Mensuration." 
Supplement  of  an  arc,  1038. 
Surfaces,  929—934. 
Swansea  Castle,  413, 414. 
Swift,  Dean,  his  ignorance  of  art,  491. 
Sybil  (Corinthian),  temple  of,  at   Hvoli, 

214. 
Symmetry  in  architecture,  2510. 
Systyle  intercolumniation,  2605.     Mono- 

triglyph,  ib, 

T. 

Ta,  or  sepulchral  towers  of  the  Chinese^ 
106. 

Tablinum  of  a  Roman  house,  248.  253. 

Tadmor  or  Palmyra,  extraordinary  struc- 
tures at,  196,  197. 

Tai  of  the  Chinese,  106. 

Tangent  of  an  arc,  1041. 

Tai^ore,  pagoda  at,  59. 

Taper  shell  bit,  2109. 

Taste  in  architecture,  what,  2492.  Stan- 
dard of,  2506. 

Tattersall  in  Lincolnshire,  423. 

Tatti  Jacopo.     See  **  Sansovino." 

Taunton,  parochial  church  at,  421. 

Tavistock  slates,  1809. 

Taylor,  Mr.,  his  house  at  Potter's  Bar,  by 
Thorpe,  440. 

Taylor,  Sir  Robert,  an  architect  of  high 
reputation,  temp.  George  III.,  and  his 
works,  515. 

Tea,  tonnage  of,  in  warehouses,  Appendix, 
884. 

Temple,  Newsham  House,  Yorkshire^ 
452. 

Temple  of  Concord  at  Rome,  261. 

Temple  of  Concord,  2547.  Of  Fortuna 
Virilis,  ib.  Of  Peace  at  Rome,  ib.  Of 
Vesta,  ib.  Of  the  Sybil  at  Tivoli,  ib. 
Of  Faustina,  ib.     Of  Bacchus,  ib. 

Temple  of  Fortuna  Virilis  at  Rome,  261. 

Temple  of  Jupiter  Stator  at  Rome,  262. 

Temple  of  Jupiter  Tonans  at  Rome,  262. 

Temple  of  Peace,  niches  at,  2775. 

Templet,  bricklayer's,  1890. 

Tenons,  2008. 

Tentyris,  temple  at,  91 . 

Teoodiis,  houses  of  Gods  of  the  Mexicans, 
114. 

Teotihuacan,  pyramids  of^  111. 

Tepidarium  of  the  Roman  baths,  235. 

Terminus,  2686. 

Testocopoli,    a    Grecian,   executed    many 
works  in  Spain,  369. 

Tethury  Church,  by  Hiome,  514. 

Tetrastyle  temples,  2528,  et  feq. 


Tewkesbury,  conventual  church  of,  421. 

Tewkesbury,  monastery  of,  389.  421. 

Thaxted,  parochial  church  at,  421 . 

Theatre,  none  in  Rome  permanent  till  time 
of  Pompey,  185.  That  of  JEmilius 
Scaurus,  ib.     One  erected  by  Curio,  ib. 

Theatre  of  Marcellus,  2547. 

Theatres,  2947,  et  teg.  That  constructed 
by  Bramante,  ib.  Palladio's  at  Vioenza, 
2948.  Their  revival,  2949.  Those  of 
Bologna  and  Verona,  2950.  At  Bour- 
deaux,  2951.  Points  for  consideration 
in,  2952.  Forms  of,  considered,  2953. 
Wyatt's  principles  on  rebuilding  Drury 
Liuie  Theatre,  2957.  Sizes  of,  and 
schemes  for  bearing  and  seeing,  2958 — 
2965.  Use  of  semicircle  in,  2966.  Seeing 
in,  2969.  Ingress  and  egress,  2970. 
Fire  proof,  2972. 

Theatres,  earliest  of  Rome,  226.  Roman, 
described  by  Vitruvius,  ib.  That  of 
Marcellus  at  Rome,  226.  258.  That  of 
Balbus,  226.     That  of  Pompeii,  227. 

Theatres  of  the  Greeks,  described,  and  plan 
of  one,  172. 

Theatres  of  the  Greeks,  first  constructed  in 
a  temporary  manner,  172. 

Theobald's  House,  date  and  founder,  446. 

Theodoric,  architecture  under,  278.  His 
mausoleum  at  Ravenna,  t&.  His  suc- 
cessors, 279. 

Theodosius,  architecture  under,  271. 

Theodosius  II.,  architecture  under,  271. 
His  works  at  Constantinople,  271. 

Theron,  tomb  of,  at  Agrigentum,  1 58. 

Theseus,  temple  of,  150. 

Thiene  Palace,  window  at,  2769. 

Thombury  Castle,  bay  window  at,  428. 

Thombury,  Gloucestershire,  palace  at, 
426. 

Thornton  College,  for  Sir  Vincent  Skinner, 
by  Thorpe,  440. 

Thorpe,  John,  account  of  his  designs  from 
folio  volume,  formerly  belonging  to  the 
Hon.  Charles  Greville,  440.  Observa- 
tions by  Walpole  on  his  compositions, 
441.  Design  for  his  own  house,  ib. 
Probably  engaged  at  Wollaton,  443. 

Through  stones,  what,  1920. 

Thumb  screws,  2263. 

evftcAi;  of  the  Greek  theatre,  172. 

Tiange,  Jean  de,  first  stone  of  Pont  St. 
Esprit  laid  by,  310. 

Tie  beam,  2031. 

Tiler's  tools.  1908. 

Tiles,  hollow,  proper  slope  of  roofs  for, 
2030. 

Tiles,  1834—1839.  Of  what  composed, 
and  how  manufactured,  1834.  Plain  or 
crown  tiles,  1835.  Ridge  roof  and  hip 
tiles,  1836.  Gutter  tiles,  1837.  Pan 
or  Flemish  tiles,  1838.  Paving  tiles, 
1839. 
Tiles,   plain,  proper   slope   of   roofs  for, 

2030. 
Tiles,  Roman,  proper  slope  of  roofs  for, 
2030. 
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Tiling,  1 906.  Tools  uied  in,  1 908.  Plain 
tiles,  1908.     Ptotiles,  1907. 

Tiling,  trowel,  1906. 

Umber,  chief  material  in  use  among  the 
Chinese,  and  the  sorts  employed,  98. 

Timber,  cubic  foot  of,  to  compute  value, 
S344,  2345. 

Timber,  different  species  o^  1684 — 1788. 
Oak,  1685—1695.  Chesnut,  1696— 
1700.  Beech,  1701,  1702.  Walnut, 
1703,  1704.  Cedar,  1705.  Fir,  1706 
— 1709.  White  fir,  1710.  Spruce  fir, 
1711.  American  pines,  1712—1716. 
Larch,  1717.  Poplar,  1718.  Alder, 
1719.  Elm,  1720—1722.  Ash,  1723. 
Sycamore,  1724.  Birch,  1725.  Ma- 
hogany, 1726.  Spanish  mahogany,  1728. 
Teak,  1729.  Table  of  heights  and 
diameters  of  diflTerent  trees,  1729.  Mode 
of  preserving,  1730 — 1738.  Preserva- 
tion of,  1739—1744.  Decay  of,  1745— 
1747.  Prevention  of  decay,  1748 — 
1 752.     Cure  of  rot  in,  1 753. 

Timber,  diflTerent  species  of  strength,  1 598. 
Cohesive  force  of,  in  the  direction  of  its 
length,  1598,  1599.  Strength  of,  in  an 
upright  position,  1600 — 1602.  Re- 
ristance  of  a  post,  1602.  Horizontal 
pieces  of  timber,  experiments  on,  1 603 — 
1611.  Strength  of,  modified  to  its 
absolute  and  primitive  force  and  its 
fiexibility,  161JL,  Deduction  from  loss, 
1612, 1613.  Experiments  on  pieces  of,  in 
five  tables,  1613.  Explanation  of  tables, 
1614,  1615.  Mode  of  representing 
strength  of,  1616—1621.  Deduction 
from,  1622.  Table  showing  the  greatest 
strength  of,  lying  horixontally  in  lbs. 
avoirdupois,  and  explanation  of,  1622 — 
1624.  Application  of  preceding  table 
to  other  brides  oak  timber,  1 624 — 1635. 
Method  of  using  last  table  for  horizontal 
timbers,  1625,  1626.  The  same  for 
strength  of  verticle  bearing  pieces,  1 627 
— 1629.  Method  for  obtaining  ab- 
solute or  cohesive  strength,  1630 — 1632. 
Strength  of  other  timbers  besides  oak  in 
an  inclined  position,  1633 — 1635. 

Timber  houses  in  England,  short  account 
of,  439.     On  the  Continent,  t& 

Umber  not  an  element  in  Egyptian  archi- 
tectural composition,  63 — 71. 

Timbers,  scantlings  of,  for  roofs,  2037 — 
2040. 

Timbers  should  be  measured  when  carcass 
of  building  completed,  2341. 

Tlnemouth,  conventual  church  o^  407. 

Tin  saw,  brick]ayer*s,  1890. 

Tinterne  Abbey,  conventual  church  of^ 
407. 

Tiryns,  walls  of,  very  ancient,  described  by 
Homer,  31.  33. 

Toad*sback  rail,  2189. 

Toddington  House,  date  and  founder, 
446. 

Toils  of  a  hinge,  2155. 

Toledo,  church  of,  367. 


Toledo,  gate  of  San  Martino,  968. 

Tolmen  or  colossal  stones,  description  o( 
26.  The  Constantine  Tolmen  in  Cam- 
wall,  26. 

Tombs  of  the  Romans,  254.  That  of  the 
Horatii,  255.  That  of  Caius  Cesttus  at 
Rome,  256.  That  of  Adrian  at  Rome, 
t6.  That  of  Cecilia  Metella  at  Rome, 
ib.     Group  of,  from  Pomp^i,  257. 

Tongue  in  joinery,  21 91. 

Tonnage,  means  of  valuation  of  warehouses 
by,  Appendix,  883. 

Tools  for  building  used  by  the  early  Greeks, 
7. 

Tools  used  by  painters,  2968. 

Tools  used  in  joinery,  2102 — 2124. 

Toothings  of  walls,  1900. 

Top  rails  of  a  door,  2130. 

Torus,  2532. 

Torus,  ornament  in  Norman  architecture, 
397. 

Tote  of  a  plane,  2104. 

Totila  takes  Rome,  279. 

Toultecs,  architecture  of,  110. 

Tower  of  London,  394 — 398. 

Tower  of  London,  423. 

Town  halls,  2894,  et  ieq.  Siae  to  be  suit- 
able to  importance  of  place,  52894.  Rooms 
required  in,  2895.  Good  examples  of^ 
on  the  Continent,  2896.  At  Brussels, 
ib.  That  of  Amsterdam  described,  2897. 
Antwerp,  Maestricht,  and  Louvain, 
good  examples  at,  2898.  Hotel  de  Ville 
at  Paris,  ib, 

Trajan*8  Bridge  over  the  Danube,  193. 

Trajan's  Column  at  Rome,  193. 

Tnyan  column,  2603. 

Tngan*s  Forum,  193. 

Transition  style,  what,  410. 

Traversing  wood,  2121. 

Tread  of  stairs,  2180. 

TVevigi,  an  architect  employed  in  England, 
427. 

Trevi,  Corinthian  temple  at,  21 2. 

Triclinium  of  a  Roman  house,  252,  853. 

Triforium,  what,  286. 

Triglyphs,  origin  o^  135. 

Triglyphs  regulate  the  disposition  of  Doric 
order,  2605. 

Trigonometry,  plane,  1032 — 1054. 

Trimmers  and  trimming  joists,  2017. 

IVimmers  and  trimming  joists,  how  mea- 
sured, 2340. 

Trimming  of  slates,  221 1 . 

Trinity  College,  Cambridge.  2904.  Li- 
brary  of,  2908. 

Trinity  College  Library,  by  Wren,  487. 

Tripoli,  described  generally,  132. 

Triumphal  arches,  different  sorts  of,  22a 
That  of  Constantine,  Septimiua  Severus^ 
Titus,  &c.,  ib, 

Trochilos,  2532. 

Trowel,  brick,  1890. 

Trowel,  slater's  221  a 

Trowelled  or  bastard  stucco,  2236—2244. 

Trowels,  plasterer's  22S3. 

Truro,  parochial  church  at,  408 — 421. 


INDEX. 


1087 


Truss  eicpkined,  2031 .  System  of  trusses, 
2032. 

Trusses  for  girders,  2021. 

Trying  plane,  plumber's,  221 2. 

Trying  up,  what,  2102. 

Tudor  style,  examples  of,  in  Scotland,  431. 
In  England,  422,  et  aeq. ;  432. 

Toileries  and  Louvre,  designs  for,  by  Ber- 
nini, 2881. 

Tuileries  at  Paris,  palace  of,  357. 

Tunbridge  Castle,  394. 

Turin  theatre,  2958. 

Tumbuckles,  2263. 

Tusk,  in  carpentry,  what,  2006. 

Tuscan  arcade,  2621.    With  pedestal,  2628. 

Tuscan  order,  2553.  Admits  of  few  orna- 
ments, 2554.  Method  of  profiling,  2555. 
Parts  of,  on  larger  scale,  ib.  Table  of 
heights  and  projections,  ib.  Whole  height 
of,  2556.  Palladio's  method  of  profiling, 
2557.  Serlio's  method,  2558.  Sca- 
moxzi*s  method,  2559. 

Tuscan  order,  intercolumniation  of,  2606 — 
2609. 

Tuscan  order,  inyentors  of,  258. 

Tympanum  of  a  pediment,  2715.  Face  o^ 
how  disposed,  2723. 

Types  in  architecture,  2507. 

Types  of  architecture,  in  three  states  of  life^ 
2.  258. 

U. 

UfFizj,  at  Florence,  museum  o^  291 8 
Ulm,  cathedral  at,  309.     Reputed  to  be 

the  largest  church  in  Germany,  ib, 
Ulric,  an  early  German  architect,  365. 
Unity  in  architecture,  2509. 
Upholsterers  and  decorators,  to  be  avoided 

in  matters  of  taste,  2604. 

V. 

Vale  Royal,  in  Cheshire,  conventual  church 
of,  407. 

Valle  Crucis,  Denbighshire,  conventual 
church  o^  407. 

Valuation  of  property.  Appendix,  p.  882, 
et  $eq. 

Value  of  work,  to  ascertain  by  constants  of 
labour,  2346,  «f  aeq. 

Vanbrugh,  Sir  John,  account  of,  491 .  Sir 
J.  Reynold's  opinion  of  bis  works,  492. 
His  works,  493 — 497.  Clarencieux  king- 
of-arms,  ib.     A  dramatist,  ib. 

Variety,  desire  for,  cause  of  decoration,  251 5. 

Vatican  Library  described,  2909. 

Vatican,  museum  of,  2918. 

Vaulting,  cylindrical,  how  to  regulate  cais- 
sons in,  2835,  2836. 

Vaulting,  groined,  1444 — 1456.  Coved, 
1464—1477.     Spherical,  1478—1493. 

Vaults  for  covering  apartments,  how  ar- 
ranged, 2849.  Its  weight  and  thrust, 
2852.     Springing  o^  2849—2854. 

Velarium  of  the  amphitheatre,  and  mode  of 
raising  it,  229. 


Veneers,  gluing  together  in  joinery,  2200. 
Venetian  and  Palladian  sashes  and  frames, 

value  of  labour  of,  2368. 
Venetian  school,  Iiiigo  Jones  a  follower  of, 

463.       Plans  of  houses  of  this  school 

scarcely  suited  to  English  habits,  464. 
Venetian  school,  its  character,  349.     Its 

period,  356. 
Venetian  windows,  2756. 
Venice,  theatre  of  San  Benedetto,  2958. 
Venter  of  an  aqueduct,  what,  225. 
Verona,  theatre  at,  2950. 
Versed  sine  of  an  arc,  1040. 
Vesica  Piscis,  supposed  to  have  given  hint 

for  forms  of  plans  of  churches^  302. 
Vesta  (  Corinthian),  temple  of,  at  Rome,  214. 
Vestibulum  of  the  Roman  house,  244. 
Vicexaa,  basilica  of  arcade  at,  2641. 
Vignola,  371. 

Vignola,  door  by,  at  Famese  Palace,  2741. 
Vignola,  resided   in    France  many  years. 

His  profiles  of  the  orders  followed  there, 

358. 
Villa  Capra,  interaxal  divisions  applied  to, 

2843. 
Villa  Capra,  near    Vicensa,   by   Palladio, 

353. 
Villaneuve,  an  Italian  architect,  employed 

on  the  Escurial,  371. 
VUIa  Pia  at  Rome,  and  view  o^  345. 
Villa,  site  on  which   it  can  be  designed, 

2999,  3000. 
Villa,   Cicero's,  243.     Those  of  LucuUus 

and  Pollioy  ib. 
Villas  of  Rome,  345. 

Villas  of  the  Romans  very  extensive,  1 84. 
Vinoennes,  castle  of,  31 1 . 
Vine,  portico  to,  Hants,  by  Webb,  465. 
Vitruvius,  his  precepts  on  intercolumnia- 

tions  of  the  Doric  order,  2610. 
Vitruvius,  manuscripts  of,  326.  • 
Vittoria,  Alessandro,  356. 
Volterra,  walls  of,  179. 
Volute,  Ionic,  method  of  describing,  2576. 
Volute  of  the  Ionic  order,  151. 
Vomitoria  of  the  amphitheatre,  229. 

W. 

Wade,  General,  house  for,  by  Lord  Bur- 
lington, 510. 

Wainscotting,  value  of  labour  of,  2368. 

Wakefield  Chapel,  on  the  bridge,  421. 
Church  at,  ib, 

Wakefield,  parochial  church  of^  421. 

Wales,  early  buildings  in,  367. 

Wall  plate,  what,  2009. 

Wall  plates  and  bond,  how  measured,  2333. 

Walls,  at  S.  Filippo  Neri,  Naples,  1585. 
S.  Giuseppe  and  S.  Domcnico  Palermo, 
1 535.  Of  two  hundred  and  eighty  build- 
ings  in  France  and  Italy,  1537.  In  pri- 
vate  houses,  1538.  In  large  buildings, 
1539,  1540.  Rules  and  examples  for, 
1542—1554.  Examples  for  thickness 
of,  in  houses  of  many  stories,  1555— 
1560.     In  ordinary  houses,  1556,  1557. 
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In  double  houaei,  1 558.  Of  the  Hotel 
Vend&me,  1560.  Of  a  house  built  for 
the  Brothers  Mocenigo»  1 568.  Pressure 
of  earth  against,  and  rules  for  finding 
thickness,  1584— 159S. 

Walls,  briek,  nu>de  of  measuring,  2S06 — 
8S06.  Should  be  gradually  carried  up, 
1891.  Precepts  to  be  observed  respect- 
ing, 1898—1900. 

Walls,  stability  of,  and  resistanee,  1500^ 
150S.  SUbility  of,  150S— 1517.  Me- 
thod of  enclomng  a  given  area  in  a  r^u- 
lar  polygon,  1518 — 1528.  Thickness  of, 
in  buildings  not  vaulted,  15S9 — 1541. 
Rules  for,  1542,  1543.  Example  of, 
1544,  1545.  Other  example,  1546 — 
1562. 

Walls,  stone,  1916—1924. 

Walls,  1500—1592.  Thickness  propor- 
tioned to  height,  1502.  Stability  of, 
1503—1528.  Mode  in  which  forces  act 
on,  1505 — 1509.  Enclosing  spaces  of 
different  forms,  1512 — 1517.  Must 
have  a  certain  thickness  to  acquire  sta- 
bility, 1525.  Exterior  wall  of  S.  Stefano 
Rotondo,  1528.  Thickness  of,  in  build- 
ings not  vaulted,  1529—1554.  Kept 
together  by  roofs,  1 532 — 1 54 1 .  At  Ha- 
drian*s  VilU,  1535.  At  S.  Paolo  fiiori  le 
Muri,  1534.  1546.  At  Sta.  Sabina, 
1535.  At  Sta.  Maria  Maggiore,  t&. 
At  Sta.  Maria  in  Tkastevere,  ib.  At  S. 
Chrysogono,  ib.  At  S.  Pietro  in  Vin- 
colii,  ib.  At  S.  Lorenzo  and  Sto.  Spi- 
rito,  Florence,  ib. 

Walter,  of  Coventry,  an  architect  of  the 
Norman  age,  395. 

Waltham,  abbey  oi;  389.  391. 

Wanstead  House,  date  and  founder,  446. 

Wanstead  House,  Essex,  by  Campbell, 
describedi  and  elevation  of,  504. 

Warehouses,  valuation  o^  Appendix,  883. 
Tonnage,  mode  of  ascertaining  value,  Uk 
Weight  of  wheat  in,  884. 

Warkworth  Castle,  398. 

Warwick  Castle,  414.  Description  and 
view  of,  418.  423. 

Warwick  Sessions*  House,  by  Hiorne,  514. 

Water,  1861. 

Water-lily,  used  in  Egyptian  ornament,  87. 

Wavy  ornament,  397. 

Webb,  John,  pupil  of  Inigo  Jones,  464, 465. 

Wedge,  1321—1323. 

Weights,  comparative,  of  different  ma- 
terials used  in  covering  buildings,  1796. 

Weights  of  brickwork,  &c.,  2305,  etteq. 

Wells  Cathedral,  398.  406.  421. 

Wells  C&thedral,  founders  and  dimensions 
of,  434. 

Welsh  groins,  2058. 

Welsh  lumps,  1826. 

Welsh  rag  slates,  1803. 

Wenlock,  in  Shropshire,  choir  at,  S98« 

Westminster  Abbey,  389.  406.  Founders 
and  dimensions  of,  434. 

Westminster  Hall,  section  of,  415. 

Westminster,  palace  at,  4523. 


Westminster  School  Dormitory,  by  Lord 
Burlington,  510. 

Westmoreland  slates,  1802. 

West  Walton  Tower,  Norfolk,  398. 

Westwood  Hall,  Worcestershire,  426. 

Westwood  House,  date  and  founder,  446. 

Wheat,  its  weight  in  warehouses.  Appendix, 
884. 

Wheel  and  axle,  1307—1314. 

Whitby,  in  Toriuhire,  cooveotual  church 
of,  407. 

Whitehall,  palace  oi,  457.  Banqueting 
house  at,  458. 

Whitehall,  palace  proposed  at,  2879,  2880. 

Whittington,on  pointed  architeotiu«,quotedy 
310.  313—315. 

Whittlesea,  parochial  church  of,  421. 

Whole  numbers,  in  respect  to  their  fiictors, 
532,  533. 

Wilfrid,  bishop  of  York,  383.  385,  386. 

William  of  Sens,  architect  of  Bishop  Lan- 
franc,  395. 

Wilton  House,  designed  by  Inigo  Jones, 
461.     Improved,  508. 

Wimbledon,  house  at,  for  Sir  Tliomas  Cecil, 
44a 

Wimbledon  House,  date  and  founder,  446. 
Point  and  particulars  of,  448. 

Winchdsea,  parochial  church  at,  398. 

Winchester  Cathedral,  founders  and  dimen- 
sions of,  434. 

Winde,  Captain  WiUiam,  built  Oiefden 
and  other  works,  465. 

Winders  in  stairs,  2186. 

Winding  sticks,  2123. 

Windows,  2745,  ei  se;.  Blank  to  be 
avoided,  ib.  Firoportions  oC  as  connected 
with  apartments,  2746.  Mode  of  obtain- 
ing proper  quantity  of  light,  274  7.  Rule 
for  size,  by  Chambers,  2748.  Proper 
rules,  by  Morris,  ib.  Examples  of  rules 
for  sizes,  2749—2752.  When  there  are 
two  stories  of  windows  in  rooms,  2753. 
Piers  oi,  2754.  In  the  same  story  should 
be  similar,  2755.  Venetian,  2756.  St. 
Peter's  at  Rome,  lower  story,  2757. 
From  Mattel  Palace,  at  Rome,  2758. 
Two  examples  o^  by  Bernardo  Bnonta- 
lenti,  2759.  From  the  old  Louvre,  2760. 
From  Palladio,  2761.  2765, 2766.  From 
Banqueting  House,  Whitehall,  2762. 
From  Famese  Palace,  2763.  From 
Renuocini  Palace,  2764.  From  Pan- 
dolfini  Palace,  2767.  From  Bracciano 
Palace,  2768.  From  Thiene  Pahuse, 
2769.  By  Inigo  Jones,  277a  By  Colin 
Campbell,  2771.     By  Kent,  2772. 

Windows  in  Egyjptian  buildings,  82. 

Windsor  bricks,  1826. 

Windsor  Castle,  393,  394.  398.  414. 

Wingfield  Manor,  Gloucestershire,  423. 

Witney,  Oxon,  parochial  church  of,  408. 

Wobum  Abbey,  great  part  of^  by  Flitcroft* 
512. 

Wolfe,  an  architect  of  reputation,  504. 

Wollaton  Hall,  Notts,  440.  443.  445.  452 

Wolsey,  his  magnificent  buildings,  426. 
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Wolterton  Hall,  Norfolk,  426. 

Wood,  earliest  material  employed  in  build- 
ing, 7. 

Wood,  of  Bath,  an  architect,  temp,  George 
II.,  513. 

Wood  used  for  joinery,  2124. 

Woodstock,  palace  at,  423. 

Worcester  Cathedral,  421.  Founders  and 
dimensions  of,  434. 

Worcester  Collie,  library,  designed  by  Dr. 
Clarke,  490. 

Working  drawings  explained,  and  the  prin- 
ciples on  which  they  are  to  be  made, 
2485—2491. 

Worms,  cathedral  o^  and  description,  287. 
Flan,  part,  section,  and  view  of,  ib.  One 
of  the  most  ancient  of  churches  in  Ger- 
many, ib. 

Wren,  Sir  Christopher,  466 — 480.  Faren- 
talia  of,  481 — 489.  His  epitaph,  482. 
Employed  at  Cambridge,  487.  List  of 
his  principal  works,  488.  Churches  by, 
date  and  cost,  ib.  Like  Falladio,  fol- 
lowed certain  proportions,  353. 

Wrexham,  parochial  church  of,  421. 

X. 

Xochiculco,  military  intrenchment  of> 
114. 


Xystus  of  the  Greek  gymnasium,  175.  Of 
the  Roman  baths,  235. 

Y. 

Yaroslat,  Russian  prince,  patron  of  archi- 
tecture, 375. 

York  Castle,  394. 

York  Cathedral,  406. 

York  Cathedral,  founders  and  dimensions 
of,  434. 

York  Place,  Whitehall  Palace,  426. 

York  stairs  to  the  Thames,  by  Jones,  462. 

Ypsambool,  temple  at,  71. 

Z. 

Zamodia,  an  early  German  architect,  365. 

Zax,  slater's,  2210. 

Zecco,  or  Mint,  at  Venice,  by  Sansovino, 
351. 

Zehra,  near  Cordova,  city,  palace,  and  gar- 
dens, founded,  121. 

Zinc,    1792 — 1797.       Found  every  where, 

1792.  Mode  of  extracting  from  ore, 
ib.      Method    of  forming    into    plates, 

1 793.  Points  relating  to,  ib.  Increased 
demand  for,  1 794.  Its  peculiarities,  1 795. 
Tenacity  of,  and  sheets  usually  employed, 
1796.   A  good  material  for  cisterns,  &c. 
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